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11 CEMECTP
BBICOTHBIE CETHU CI'YIIEHUS
I/IIleﬂ FCOMeTpI/I'leCKOFO HI/IBeJII/IPOBaHI/IH

Penbed MECTHOCTH - 3TO COBOKYNHOCTh HEPOBHOCTEH IMOBEPXHOCTH 3€MJIH; OH SIBJISETCS
OJTHOM M3 BaKHEHMIIMX XapaKTEPUCTUK MECTHOCTH. 3HATh peiibed) O3HAYaeT 3HaTh OTMETKH BCEX
TOYEK MECTHOCTH. OTMETKa TOYKHM - 3TO YHUCIIEHHOE 3HAUYEHHUE €€ BBICOTHl HaJ HEKOTOPOM
IIOBEPXHOCTBIO, IPUHATON 3a Hayauo cueTa BbICOT. OTMETKY JII000H TOYKH MECTHOCTH MOXHO
OTpPEeNeNIUTh 1O TONOorpapuuecKo KapTe, OJHAKO, TOYHOCTh TAKOTO OIpenAeieHus Oyner
HEBBICOKOM. OTMETKYy TOYKM Ha MECTHOCTH OIPEACISAIOT IO IIPEBBIIICHUIO 3TOH TOYKHU
OTHOCHUTEJIBHO JIPYrOM TOYKH, OTMETKAa KOTOPOM M3BecTHA. IIpouecc m3mepeHus NpeBbIICHUS
OJIHOM TOYKH OTHOCHUTEJIBHO APYTrOil HAa3bIBAETCSl HUBEIUPOBAHUEM.

HavanbHoi#l TOuKO# cyeTa BBICOT B Hallel cTpaHe sBiseTcs “KpoHImTaaTckuil HopMaibHbII
HyJb”, KOTOpPBIM npuBsA3aH K KpoHmTaarckoMy QyTIITOKY, paclojoKEHHOMY Ha YCTOE OJHOIO
u3 MoctoB B Kponmranare. OT 3T0ro Hyjas UAYT XO/bl HUBEITUPOBAHUS, IIYHKTbl KOTOPBIX UMEIOT
OTMETKHM B banTuiickoil cucreMe BBICOT. 3aT€M OT 3THX IIyHKTOB C M3BECTHBIMH OTMETKaMHU
IIPOKJIAJBIBAIOT HOBBIE HUBEIMPHBIE XOABl U TAK Jajiee, IIOKA HE MOJIYYUTCS OBOJIBHO I'ycTas
CeTh, KaxKJas TOYKa KOTOPOM HMEEeT HW3BECTHYI0 OTMETKY. OTa CE€Tb Ha3bIBAETCs
rOCyIapCTBEHHON CEThIO0 HUBEIMPOBAHUS; OHA IIOKPHIBAET BCIO TEPPUTOPHIO CTPAHBI.

OTMeTKH BceX MYyHKTOB HUBEIHMPHBIX ceTeil coOpaHbl B cnucku - "Karamoru Beicot". OTH
CIIMCKHU HEIPEPBIBHO MONOJHAIOTCS, U3/1al0TCS HOBBbIE KAaTaJIOTH 110 HOBBIM HUBEJIMPHBIM XOJaM.
Jlist HaXOXKJIeHUsST OTMETKU JII000M TOYKH MECTHOCTH B BanTHIICKOW cHCTeMe BBICOT HYKHO
U3MEPUTH €€ MPEBBIILIEHNE OTHOCUTEIbHO KAaKOro-a10o0 MyHKTa, OTMETKa KOTOPOTo M3BECTHA U
ecTp B KaTtasore. MHOrma OTMETKM TOYEK ONPENENSIIOT B YCIOBHOW CHCTEME BBICOT, €CIHU
NOOJIM30CTH HET ITYHKTOB I'OCYAapCTBEHHON HUBEJIMPHOM CETH.

BceneactBue Toro, 4to M3MEpeHHUE MPEBBILIEHUN BBIIOJIHSAIOT Pa3jIMYHBIMU MPUOOpPaMH U
pasHBIMU CIIOCOOAMH, Pa3INyaloT:

- TE€OMETPUYECKOE HUBEJIUPOBAaHUE (HUBEIUPOBAHUE TOPU3OHTAIBHBIM JIyUOM),

- TPUTOHOMETPUYECKOE HUBEIMPOBAHUE (HHUBEIMPOBAHUE HAKJIOHHBIM JIy4YOM),
OapoMeTpuiYeCcKOe HUBEITUPOBAHHE,

TUAPOCTATUYECKOE HUBEIUPOBAHUE U HEKOTOPBIE IPYyTHUE.

['eomeTpuyeckoe HUBEIMPOBAaHUE WIM  HHUBEIMPOBAHHE TOPHU3OHTAIBHBIM  JIy4OM
BBIMOJIHSAIOT ~ CIIEHUAIBHBIM TIE0JE3UYECKUM TNPUOOPOM - HUBEIMPOM; OTIMYUTEIbHAS
OCOOCHHOCTh HUBEJIHMpAa COCTOMT B TOM,YTO BHU3UpHAas JUHUS TpyObl BO BpeMs padOThI
IIPUBOJUTCS B TOPU30HTAIBHOE TIOJI0KEHUE.

Paznuuaror nBa BMAA reOMETPUYECKOrO0 HHUBEIMPOBAHUS: HUBEIMPOBAHHUE U3 CEPEIUHBI U
HUBEJIMPOBAaHUE BIEPE].

[Ipyn HMBENMPOBAHMM W3 CEPEIMHBI HUBEIUDP YCTAaHABIMBAIOT IOCPEIMHE MEXAY TOYKaAMHU
An B, a Ha Toukax A u B craBar peiiku ¢ aeneHusmu (puc.6). Peiika B Touke A Ha3bIBaeTcs
3a/1Hel, pelika B Touke B - mepenneil. CHauana HaBOAAT TpyOy Ha 3a/HIOI pelKy U OepyT
OTCUET &, 3aTeM HaBOJAT TPyOy Ha MEpEeIHIO0 peiiKy U OepyT oTcyer .
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Pucynok 6 — Cxema HuBenupoBaHus U3 cepeArHbl PucyHok 7 — CxeMa HUBENMPOBaHUS BIEPEL



[TpeBbitienrie Touku B oTHOCUTENBHO TOUKH 4 TOJIy4aroT no ¢hopmyie
h=a-b (2.1)

Ecnu a > b, TO npeBblllIeHHEe MOJOXHUTENbHOE, eclu  a < b, To oTpularenbHoe. OTMeTka

TOYKH B BbIUKCIsIETCS 10 Popmyie
H,=H,6+h (2.2)

Bricota Bu3MpHOrO Jy4a HaJ YPOBHEM MOps HAa3bIBACTCSI TOPHU3OHTOM Tpubopa

oOo3Hnauaercsa H
H,,=H,+a=H,+b.

[Ipu HUBeNnMpPOBaHUU BIEPE] HUBEIUP YCTAHABIMBAIOT HAJ TOUYKON A Tak, YTOOBI OKYJISp
TpyObI OBLT Ha OJIHOM OTBECHOW JIMHUU C TOUYKOW A. Ha Touky B CTaBsAT pelKy C JCICHUSIMHU.
N3mepstoT BRICOTY HUBEIHpA | Haj Toukoil 4 u Oepyt orcuet b mo peiike (puc.7). [IpeBsiienue
h moxcunThIBaIOT IO hOpMYyIIE

h=i-b.

OtMeTKky TOYKM B MOXKHO BBIYMCINTH Yepe3 MpeBbIICHHE MexAy Toukamu A u B mo

dbopmyie (2.2) uau yepes ropu3oHT Mpudopa
H,=H,, -b. (2.3)

Ecnu touku 4 u B HaxonsaTcs Ha OOJIBIIOM PACCTOSIHMM OJIHA OT IPYTOM M MpEBHIIICHUE
MEXJly HUMHU HEIb3sl U3MEPUTh C OJHOW YCTAaHOBKM HMBENIMpa, TO Ha JuHUM AB HameuaroT
MIPOMEKYTOUHBIE TOUKH 1, 2, 3 U T.JI. ¥ U3MEPAIOT MPEBBILIECHHUE 110 YacTAM (puc.8).

2 cTa”Huud

1 cranuus

Pucynok 8 — Cxema HUBEJIMPHOTO X0/1a

Ha nepBom yuactke A - 1 OepyT oTcueThl 1O 3aJHel peiike a; U 1o nepenHei — . 3arem
NEPEHOCAT HUBEIUP B CEPEIUHY BTOPOrO y4yacTKa, a peiiKy ¢ TOYKH A MEpeHOCAT B TOUKY 2;
OepyT OTCUETHI 0 pelKaM: 10 3aJHel — Ay U M0 MepeaHeld — Dy, DTu AeHCTBUS MOBTOPSIIOT 10
koH1a JuHuM AB. Touku, Ha KOTOPBIX OTCUETHI OEpyT JIBa pasa - CHayaJsa 1o nepeanei peike, a
3aTeM 10 3a/IHEH, - Ha3bIBAIOTCS CBA3YIOLIUMU.

[TpeBbllieHNE HA KakJ10Ml YCTAaHOBKE HUBEIMPA, HA3bIBAEMOH CTAHIMEHN, BBIYUCISIOT IO
dopmyne (2.1 ), a npesbllIeHHe Mex 1y ToukamMu 4 u B Oyzaer paBHO

hyg=>h=Ya-Yb.
Otmetka Touku B momyuures o ¢popmyse
Hy=H,+>h.

IIpu nmocnenoBaTeIbHOM HUBEJIMPOBAHUY TOTYYaETCS] HUBEIIMPHBIA XO/.
Bausinue kpuBU3HBI 3eMJIM M BePTUKAJIBLHOM pedpakuum Ha u3mMepsieMoe NpeBbILIEHUE
BricoTa TOukM sABISETCS OOHOM U3 €€ KOOPAMHAT; OHA OIMpPENENSAET MOJIOKEHUE TOUYKH I10

BBICOTE OTHOCHUTEIHHO MOBEPXHOCTU pPeepeHI-AIIIUICONIA; BBICOTH BCEX TOUEK MOBEPXHOCTU
3emnu ompexaenstorT Gurypy 3emid B 1eIOM. BBICOTBI TOYEK CUHTAIOTCS «OT YPOBHS MODSI»,



pPOJIb KOTOPOM MOXKET BBHIMOJHATH JIMOO TMOBEPXHOCTh Treowjia (CHCTEMa OPTOMETPHUYECKHX
BBICOT), JTMOO MTOBEPXHOCTh KBa3UTeOonaa (CHCTeMa HOPMAIBHBIX BHICOT). I[IOCKOJIBKY HM Ta, HU
Ipyras TOBEPXHOCTb HAa MECTHOCTH HE O0O0O3HA4YeHBI, IS BBIYMCICHHUS BBICOTHI TOYKHU
CYILECTBYET JHMIIb OJUH BAPHAHT: CUUTAThb M3BECTHOM BBICOTY [, ONHOW TOYKH, M3MEPUThH
npeBbieHre N Ipyroi TOYKM OTHOCUTEIBHO MEPBOM TOYKH U BBIYHCIUTH BHICOTY BTOPOU TOUYKH
H, no ¢popmyie

H,=H +h.

Bce derbipe cuctembl BBICOT (NMPUOIMKEHHBIE BBICOTHI, OPTOMETPUYECKHUE BBICOTHI,
HOPMaJIbHBIC BBICOTHI M JUHAMUYECKUE BBICOTBI) SIBIISIOTCS MOJCISAMH TI0 OTHOIICHHIO K
O00BEKTUBHO CYIIECTBYIOLIEH pealbHOCTH, KOTOpas 3aKIYaeTcs B TOM, YTO HAa MECTHOCTH
MOXHO 3a(pUKCHpPOBATh M HCIIOJIBb30BaTh TOJBKO OJHO HAIpPaBICHHE — HAMpaBJICHUE CHIIBI
TSKECTH; OTBEC (PUKCHPYET OTBECHOE (BEPTHKAIbHOE) HAIlpaBJIEHHWE, a OCh IWJIMHIPUYECKOIO
YPOBHSI — TOPU30HTAIBHOE HAIPaBJICHUE.

Jns  u3MepeHHs TPEBBIIICHHH C IOMOIIBI0 TOPU3OHTAIBHOIO Jiydya BH3UPOBAHUS
NPUMCHSETCS HUBSIHUP W JBE PEHKH; Y HHUBEIUpA BHU3UpPHAs JIMHUA TPYObl B MOMEHTHI
M3MEpPEHUIl 3aHUMAET TOPU30HTAIBHOE MOJIOKEHUE, a PEHKHU YCTaHABIMBAIOTCS BEPTUKAIBHO B
Toukax 1 u 2. M3MepeHHOE C MOMOIIbI0 HUBEIHpa MPEBbINICHUE N SBISETCS PACCTOSHHEM
MEXy IBYMS YPOBEHHBIMH IMOBEPXHOCTSIMH, MPOBEAEHHBIMH Yepe3 TOUKH YCTAaHOBKH PEEK:
3aaHel u nepeaneid. OTCU€T 1o 3aaHEl pelike 0003HavYaeTcs a, 1o mnepeaHeit — b; ecnu cunraTh
YPOBEHHBIE MOBEPXHOCTH TOPU3OHTAIBHBIMU IJIOCKOCTSIMHU, a HANpPABICHUS CUJIBI TSKECTH B
ToYkax | ¥ 2 cYWTATh MapaJICIbHBIMHM, TO TPEBBIIICHUE MEXIY TOYKaMH | W 2 BBIPA3UTCS
npoctoii popmynoit (2.1)

h=a-b.

Bo BTOpoM mpubnmkenun OyaeM CUUTaTh YPOBEHHBIE MOBEPXHOCTU chepaMu, a OTBECHBIC
JUHUM B To4ykax | u 2 — pamuycamu 31X cdep (puc.10), torma mpepbimienue h Oymer
BBIYUCIISTHCS 110 OoJiee CI0KHON GopmyIie; MpUBEAEM BBIBOI ATON (OPMYIIBIL.

Otmerka Touku B’, Haxopsmielcs Ha MJIOCKOCTH, OTIMYAaeTCd OT OTMETKH Touku B,
Jexaiei Ha chepe, Ha BeNMMYUHY oTpeska BB '=p (puc.9). U3 tpeyronsauka OCB’ cnemyer

R* +5° =(R+p)?,
OTKYJIa TIOJTy4yaem

Pucynok 9 — Binssare kpuBH3HBI 3€MJIM HA OTMETKH TOYEK

B 3HameHaTene BeIMUYMHA ) HAMHOTO MEHBIIE BENWYHMHBI 2R, MO3TOMY, OTOPOCHB €€, MBI

JIOITYCTUM HECYIECTBEHHYIO omnOKy. Takum oOpazom,

2
S

P7or
h=(a=p,)—(b=ps),
rie p, U p, - BIUSHUE KPUBU3HBI 36MJIHM B TOUKaX 4 1 B COOTBETCTBEHHO.

BnusHue kpuBHM3HBI 3eMiIM Ha OTMETKM TOYEK HYXXHO  YYUTHIBaThb  TPU JIFOOBIX
PACCTOSIHUSX MEXITY TouKamu; Tak, Ipu S = [0 km p =78 myanpu S =100m p = 0.8 mm.



W3BecTHO, YTO Jyd cBeTa B aTMocdepe paclpoCTpaHseTcs MO KPUBOM JMHHUH, KOTOpas
Ha3bIBaeTCsl PEPPaKIMOHHONW KPHBOW; ATy KPHUBYIO MOXKHO CUHUTATh JYIOM OKPYKHOCTH
panuycom R =(6-7)-R; oTHOmeHHE paguyca 3emiu R k paauycy pedpakiHOHHON KpUBOii
R Ha3biBaeTCst KOODMHUIMEHTOM BEPTHKATBHON pedpakiiy arMochepsl i 0603HadaeTcs depes K

k==
R
yrciacHHoe 3HaucHue K kosebnercs ot 0,14 g0 0,16; B cpeanem k =0,15.

Tenepp HapucyeM MOJHYIO CXEMY B3aUMHOI'O PACHOJIOKEHUS YPOBEHHBIX IOBEPXHOCTEH,
OTBECHBIX JMHUM W BU3UPHOIO Jyda NPU U3MEPEHUU NPEBBIIICHUS MEXAy Toukamu 1 u 2
METOJIOM F€OMETPUUECKOI0 HUBEIUPOBAHUS U3 cepeauHbl (puc.10).

Pucynox 10 — Biiusinue kpuBU3HBI 3eMiTH 1 pepakiiuy Ha U3MepsieMOoe TPEBBILICHNAE

[IpeBbIieHre TOYKH B OTHOCUTENHHO TOUYKH A OyneT paBHO pa3HOCTH OTpe3koB AM u

BN
h=AM — BN .

N3 pucynka BunHo, uto AC = AM +MC = AC'+C'C; o6o3naunm AC' - orcuér a mo
3agHel peiike, C'C - BIUSHHME BEPTHKAIBHOW pedpakuuu 7, B Touke A, AM - paccrosiHHe
MEXJly YPOBEHHBIMH IOBEPXHOCTSIMU HUBENUpa U Touku 4, MC - BIUsSHUE KPUBU3HBI 3EMIIU
p, a toukn A . U3 pucynka BugHo, uto BD = BN + ND = BD'+D'D; o6o3Hauum BD' -
orcuér b mo nepenueit peiike, D'D - BIUsSHUE BepTUKaIbHOU pedpakiun r, B Touke B, BN -
paccTossHUE MEXJy YPOBEHHBIMH ITOBEPXHOCTSMH HHUBENHWpa M TOYkH B2, ND- BiusiHUe
KPUBU3HBI 3eMIIM p, Ul TOUKU B .

Hanee mumeM: a+r, = AM + p,, otkyna AM =a+r — p,.

b+r,=BN +p,,otkyna BN =b+r, — p,.
h=a+r—p —b—r,+p,,
h=(a=b)~[(p, =)~ (p, —1)]-

Bemnunny (p, —7,) Ha3bIBalOT COBMECTHBIM BIIMSHUEM KPUBU3HBI 3eMJIM U pedpaKkiuy Ha
OTCYET IO pelike B Touke 4 M 0003HA4aKOT f|, a BEIUUUHY (p, —7,) - COBMECTHBIM BIUSHHEM
KPUBU3HBI 3eMJIU U pe(pakluy B TOUke B 1 0003HAUYAIOT f,.

Hanee cienyrot GopMyIbl

h=(a=b)=(f, = 1),

fi=p -r =i_k.£:w. 12,
2R 2R 2R
i —k- i = -k 5.2

= -7, = y
fo=p,—1, 2R 2R R 2



hz(a—b)—%-(slz—sf).

Paccunraem BiusiHHE BTOPOro claraéMoro B nociegHei gopmyne npu s, = s, =~100m u

pu |s1 —s2| < 3Mm ; IOTy4YUM

-k
(fi=f)="2x

Ilpu s, =5, BIUsHUE KPUBU3HBI 36MIIU U pe(PaKLUU CTAHOBUTCS PABHBIM HYIIIO.

BbIBOA: IpH HUBEIMPOBAHUU CTPOTO U3 CEPEIMHBI BINUSIHUE KPUBU3HBI 3eMJIM U pedpakiuu
Ha U3MEPSEMOE IIPEBBIIICHUE [IOYTH IIOJIHOCTBIO UCKIIKOYAETCs; OCTATOYHOE BIIMSIHUE
pedpakiuu MOXKET UMETh MECTO, TaK KaK YCJIOBUS MPOXOKACHUS BU3UPHOIO JIyda A0 3a/JHel
PENKH U 10 IepeIHEN PEUKU MOTYT OTINYaThC.

(s, +5,) (s, —5,)=0,04mm.

YCTPOUCTBO, IOBEPKH U UCCJIEJJOBAHUA TOYHBLIX HUBEJINPOB
YCTpoicTBO TOYHBIX HUBEJTUPOB

[To 'OCTy K TOYHBIM HHUBEIMpPAM OTHOCSTCS HUBEIMPHI, 00ECHEUYMBAIOIINE TOYHOCTH
U3MEpEHUsl NMPEBBIIICHUH cO CpeaHel KBaapaTHueckoil omuOkoi 3 MM Ha 1 KM Xozda; 3TO
nusenupsl H3, H3K, HB1 u um nogoGusIe.

['ocynapcTBeHHBIN CTaHAAPT MpeAycMaTpUaeT CIeIyIolue OCHOBHBIE apaMeTpbl TOUHBIX
HUBEJIHUPOB:

- YBEJIMUEHUE 3PUTETHHOU TPYOBI V* > 30,

- HAMMEHBIIIEE PACCTOSHUE BU3UPOBAHUS 2 M,

- K03(HUIIHEHT HUTSHOTO JaIbHOMEPa 100 = 1%,

- LIeHAa JIeTICHUS [IIMHAPUYIECKOro ypoBHs pu Tpyoe 15" + 1.5",

- 1IeHA JIEJICHUs1 KPYTJIOT0 YCTAHOBOYHOI'O YPOBHSA 10" £ 2',

- Macca He Oonee 3 Kr.

TouHbIl HUBENUp OJKEH OOECIEUYUTh CPEHIOK KBAJAPaTUYECKYH OLIMOKY HM3MepeHUs
IIPEBBILICHNS] Ha CTAHIIMK He Oojiee 2 MM IIPH paccTOSHUU OT HUBenupa 10 peex 100 m.

Cpenu TOYHBIX HHUBEIMPOB €CTh HHUBEIUpPHI C YPOBHEM IpH TpyOe U HHUBEIUPHI C
KOMIIEHCAaTOPOM YTJIOB HAaKJIOHA 3pUTEIbHOMN TPYOBI.

B HuBenMpe ¢ KOMIEHCATOPOM BHU3HMpHAst JIMHUS TPYyObl aBTOMAaTHUECKH YCTAHABJINBAETCS B
TOPU30HTAJILHOE MOJIOKEHUE. CylecTBYIOT JKUJIKOCTHBIE, MEXaHHMYECKHE M ONTHKO-
MEXAHUYECKHNE KOMIIEHCATOphl. B HacTosuiee BpeMsi B HUBEIMPAaX B OCHOBHOM IPUMEHSIOTCS
ONTHUKO-MEXaHUYECKNE KOMIIEHCATOPbl, B KOTOPBIX TIJIABHBIM Y3JIOM SIBJISIETCS I10/IBECHOE
MasiTHUKOBOE ycTpocTBO. Ha 3TOM yCTpOICTBE yKpEIUIEHBI ONTHYECKUE IE€TAIN WM CUCTEMBI,
npeHa3HayYeHHbIe JTU00 JIJIsl U3MEHEHUS HalpaBJIeHUs IJIaBHOTO BU3UPHOTIO JIy4a, TPOXOISIIETo
yepe3 00BbEKTHB HMBEIHMpA, JIMOO Ui MapauielbHOTO CMELIeHHs 3Toro jyda. HempemeHHO#M
COCTaBHOM  YacThblO  ONTHUKO-MEXaHWYECKOTrO  KOMIIEHcaTopa  sBisgercs  jaemidep,
OpeJHAa3HAYCHHbIN Ui TralleHuss U OTpaHU4YeHHs COOCTBEHHBIX KOJIEOAaHHUN  MAasTHUKOBBIX
NoJIBECHbIX cucTeM. llpuBeneM cxemMy ONTHKO-MEXaHHYECKOIO KOMIIEHcaTopa B HuBenupe Ni-
007 (I'epmanus) (puc.11).




Pucynok 11 — Cxema ontrueckoro komrencaropa Husenupa Ni-007

Ha puc.11 oGo3naueno: 9 - 3ammTHOE CTEKIO, | - TMEHTampu3Mma UId W3MEHEHUS
HaNpaBJICHUs! TOPU3OHTAIBHOTO Jiy4a, 2,3 - JUH3BI TEJICOOBEKTHUBA, 8 — OKYJSpHAas CHUCTEMa
npusM, 5 — mpu3Ma MasTHHUKOBOIO KOMIIEHCATOpa, IOJIBEHICHHAs: Ha MPOCTOM (HU3MYECKOM
MasiTHUKE, 4 — HEeMOJIBIKHAS MPU3Ma JJIsl HallpaBJeHUs Jy4yel B oKyJsp 8.

B nuBenupe H3K koMmmeHcaTop cOCTOMT M3 JBYX NPSMOYIOJBHBIX CTEKJISHHBIX IIPU3M,
0JIHa U3 KOTOPBIX MOJABEILICHA K BEpXHEH 4acTH KOpILyca TpyObl Ha JBYX Mapax CTaJbHBIX HUTEH.
C mnoMmompl0 TNpU3M  H300paXeHHWE pPEeHKH IMepedaeTcss B IUIOCKOCTh CETKH HHUTEH 1o
TOPU30HTAJILHOMY HaIIPABIEHUIO NPH HEOOJIBIIOM HAKJIOHE TPYOBI; JUana30H KOMIIEHCUPYEMBIX
YIJIOB HaKJIOHA cocTaBisier okoio 10', ommOKka ropu30HTaIbHOCTH BU3UPHON JTMHUU TPYOBI - HE
oonpmre 0,5"; cucreMaTHueckas OIIMOKa HemoKoMIleHcaluu - He Oonee 0,3" Ha 1' HakJIoHa
TpyOBbI; Bpems 3aTyXaHus KojieOaHuii - He 6osee 2 CeKyH/I.

[ToBepku HMBenupa C ypOBHEM IpH TpyOe omucaHbl B [5]; 4TO KacaeTcs MOBEpOK
HUBEJIMPAa C KOMIICHCATOPOM, TO TJIAaBHOE YCIOBUE (HOPMYITHPYETCs HECKOIBKO IO-HHOMY:
BU3HpPHAsA JIMHHUS TPyObl NOJKHA OBITh TOPU3OHTANBHOM. DTa MOBEpKa BBINOJHSETCA JHUOO
JIBOITHBIM HUBEIMPOBAHUEM BIIEpe, JIU00 IPYruM crocoOom [5].

HOBepKI/I TOYHBIX HUBECJIUPOB

JJ1s HUBETUPOB C YPOBHEM IIPU TPYOE BBITIOTHSIOT TPH MOBEPKH.

1. [loBepka ycTaHOBKM LMJIMHIPUYECKOTO YypoBHsA. OTBecHasl IJIOCKOCTb, MPOXOJsAIIast
4yepe3 OChb YPOBHS, JOJDKHA OBITh IapajlielibHa OTBECHOM IIOCKOCTH, IMPOXOASIIEH uepes
BU3HPHYIO OCh 3pUTEIbHON TpyOBl. OTa MOBEpKa JAenaeTcs, Kak MPaBHJIO, Y BBICOKOTOYHBIX
HUBEJIMPOB IEPE]] BbIE3/I0M B MOJIE.

BenuunHa yria i, TO €CTh MPOEKIMs HAa OTBECHYIO IJIOCKOCTh YIJla MEXKIY OCbIO YPOBHS U
BU3UPHOM OCbIO TPYOBbI, JOJKHA ObITh MeHblIe 10”. DTy MmoBepKy pa3pelaeTcsi BBINOIHATh
TpeMsi cioco0amu [5]; MbI M3J10KMM MEpBbI crocol - BOHOe HUBenUpoBaHHEM Brepen. Ha
MECTHOCTH 3a0MBaIOT JBa Kojbllka 4 # B Ha paccrossHuM okojo 50 M OJIMH OT JIPYroro.
HuBenup ycraHaBIuMBalOT HajJ TOYKOM A Tak, 4YTOOBI OKYJSp TPyObl HaXOJHUJICS Ha OJHOM
BEPTUKAIBHON JIMHUM C Toukod (puc.13-a). Ot KojbllKa A0 LEHTpa OKYyJIsipa H3MEpSIOT
BBICOTY IpuOopa i,. 3areM pelKy CTaBAT B TOUKYy B, HaBOIAT Ha Hee TPyOy HUBEIUPA,

IOPUBOAAT Iy3BIPEK YPOBHA B HYJIBIIYHKT U O€pyT OTCYET IO pedike b,. 3areM HUBEIUpP U
peiiKy MEHSAIOT MECTAMHU, U3MEPSIIOT BBICOTY MHCTPYMEHTa i,, NPUBOASAT Iy3bIPEK YPOBHS B
HYJIB-ITYHKT U OepyT oTcuer no peiike b, (puc.13-b). [IycTs riiaBHOE

YCIIOBHE HHBEIHPA HE BBITIOJHSICTCS, M MPU TOJIOKEHUU MY3bIpbKa YPOBHS B  HYJIBITYHKTE
BU3WpPHAs JIMHKUS HE TOPU30OHTAIIbHA, a COCTABIISIET C OChIO YPOBHS HEKOTOphIi yron i. Torma

BMECTO IIPaBUJIBHOTO OTCUETA b10 nojryyaercsi omMOouHbIH - b, . OmubKy orcyera 0003HAYNM X
Y TIPEBBINIICHUE TOYKH B OTHOCUTENHHO TOUYKH A OyAeT paBHO

h=i—(b +x).
IIpu nos10KEHNU HUBEIUPA B TOUKE B NPEBBIILIEHUE TOUKH A OTHOCUTEIBHO TOYKH B
h'=i, —(b, +x).
Ho h=-n",
MIO3TOMY i, — (b +x)=-i, — (b, +x)].

Orcrona nonyyaercs

| BT 1
x=—-(i +12)—§-(b] +b,).

2
[Tpu paccTossHUM S MEXTy HUBEIUPOM M PEHKON Yroi i BBIYMCISAETCS 1O popMyIie
Ko
l"= MM . pH .
S

MM

Ipu S =50m, "=10" u p~(2-10°)" momyuaerca x =~ 2.5um.



Pucynok 13 — [loBepka yCTaHOBKH IIJIMHAPUYECKOTO YPOBHS (IIOBEpKa IIABHOTO YCIOBUS)

Ecmu x> 2,5mm , He0OOXOAMMO BBITIOJTHHUTH IOCTUPOBKY YPOBHS, TO €CTh YCTPAHUTH YTOJI | .
s 3TOro 531€BallMOHHBIM BHHTOM HAKJIOHSIOT TPyOYy HMBENIHpa J0 T€X MOp, OKa OTCUET 10
peiike He OyIET paBeH NIPABUILHOMY OTCUETY b) =hb, + X ; IPH 5TOM Ty3bIPEK yPOBHS YiJET
U3 HyJIbIyHKTa. lcrnpaBUTENbHBIMH BUHTAMU YPOBHSI NPUBOJAT IYy3bIPEK B HYJIb-IYHKT U
HOBTOPSIOT IIOBEPKY 3aHOBO.

2. OCb KpyIJOro yCTaHOBOYHOI'O YPOBHS JIOJDKHA ObITh HapajjielibHa OCH BPALICHUS
HuBenupa. [IpuBOAAT My3bIpek KPYyriioro YpoBHsI B HYJIbIYHKT, 3aT€M IIOBOPAYUBAIOT HUBEJINUP

no asumyty Ha 180°. Eciii my3sIpex OTKIOHMIICSA OT HyIbIyHKTa Gonee yem Ha 0,3 neneHus, To
Ha IOJIOBHUHY OTKJIOHEHHUS €ro InepeMeniaroT oOpaTHO C IMOMOIIbI0 MOJbEMHBIX BHHTOB U Ha
IIOJIOBUHY - WCHPABUTENIHBIMU BHHTaMM Kpyrioro ypoHs. CyiecTByeT U JApyroi, Oosee
HaJIeXKHBII CIIOCOO IMOBEpPKM KpPYIVIOrO YpPOBHS: CHadajga THIATENbHO YCTaHABIUBAKOT OCh
BpallleHUsT HUBEJIUPA B OTBECHOE IIOJOXKEHHWE C IIOMOINBIO 3JIEBAlMOHHOTO  BUHTA U
LWIMHJPUYECKOTO YPOBHS IpU TpyOe, 3aTeM HCHPABUTEIbHBIMU BUHTAMHM KPYIJOrO YpPOBHS
IIPUBOJAT €T0 IY3bIPEK B HYJIb-ITYHKT.

3. T'opu3oHTanbHAasi HUTb CETKUM HUTEW JOJDKHA ObITh MNEPHEeHAMKYISPHA OCH BpAIICHUS
HUBEJIUPA, TO €CTh ObITh TOPU3OHTAIBLHOMW. Y CTaHABIMBAIOT HUBEIUP MO KPYIJIOMY YPOBHIO U
HABOJAT KpaeM CpeHel HUTHU Ha XOPOILIO BHIMMYIO TOUYKY Ha PacCTOSHUU OT HHUBEJIMpa OKOJIO
10 M. MeaneHHO BpalaroT TpyOy MO a3MMYTy € TMOMOIIbI0 HAaBOJALIETO BUHTA U CIEIAT, HE
CXOJIUT JIU CPEAHSSI HUTh C BBIOPAaHHON TOYKH.

Onpe)le.ne}me IHEHbI ACJICHUA YPOBHSA HA IK3aMEHaATOpE

TouHble HHUBENUpPHI IEpell WX NPUMEHEHHWEM JOJKHBI OBITh MCCIEIOBAaHBl C IIEJNIBIO
OINpEACIECHUsI UX KAYECTBEHHBIX XapPAKTEPUCTUK M YCTAHOBJICHUS CTENCHM BIIMSHUS BHEIIHHUX
YCIOBUH.

[TonHbIe HccIe0BaHUS BBITOIHSIOT B CIICIIMATIBHBIX J1a00paTOPUSX JUIsl HOBBIX HUBEIHUPOB
W TI0CJE KallUTaJbHOTO peMOHTa mo mnporpamme, npeaycmorpeHHon ['OCTom. Hemnonnsle
UCCIICIOBAaHMS BBIMOJIHAIOTCS TE€pe]l HayajloM IOJIEBBIX paboT W BKIIOYAIOT CIENyHoIue
POLEAYPHI:

- HCCIIeZIOBaHUE KadyecTBa 3pUTENbHOI TpPYOBI,

- HCccIeI0BaHue MPaBUIbHOCTH X0/1a (POKYCHUPYIOLIEH JINH3HI,

- HCCIEN0BaHUE IWINHIPUUECKOTO KOHTAKTHOIO YPOBHS,

- ompeaeneHus Ko3ppuIreHTa JarbHOMepa 1 ACHMMETPUH HUTEH,
- HCCleJOBaHUE KauecTBa paboThI 31€BALIMOHHOTO BUHTA,

- ompenereHue Auana3oHa U OMMOKH pabOThl KOMIIEHCATOPA.

[TonHble MccnenOBaHUS YPOBHS BBIIOJHSIOT NPHU IMOJYYEHUH HOBBIX HUBEIUPOB, IMOCIE
PEMOHTA B Cllydae 3aMEHbl aMITyJIbl YPOBHS, a TAaKKe€ IEepe] HadajioM I0JeBOro ce3oHa. Llenp
9THX MCCIEJOBAHUN — OIpENeNIeHHE LEHbl JIeJIEHUs] YPOBHs, KadecTBa €ro M3rOTOBIICHMUS,
CTENEHU KOMIIEHCUPOBAHHOCTH YPOBHS, TO €CTh HENOCTOSHCTBA JJIMHBI MTy3bIpbKa YPOBHS MpU



u3MeHEeHnH Temreparypel Ha 1°C, ompejeneHue CpPEJHUX KBaJAPATHUYECKUX  OIMIMOOK
COBMEIIECHHUS KOHIIOB ITy3bIpbKa YPOBHS 71,,, U OTCUETA IO IIKane ypoBHs m,, .. JJabopaTopHble

VICCJICIOBAHMS BBIIIOJIHAIOT HA DK3aMEHATOPE, MOJIEBBIE — C TOMOLIBIO PEUKH.

DK3aMeHaTop MpeCTaBiIsieT co0OW MITaHTy JIHHOW |, OIMH KOHEI KOTOpoi omupaeTcs Ha
LIAPHUD U HETIOABIKEH 110 BBICOTE, a APYrOM MOKET ITOJHUMATHCS UIIM OITyCKaThCs C IIOMOILBIO
M3MEPUTENILHOTO BUHTA C JAECJIEHUSMU 110 OKPYKHOCTH TOJIOBKH (pHcC.14).

T'OJIOBKa

Bunr

LIApHUP

Pucynok 14 — Cxema sk3ameHaropa

Llenoii nenenus y 3K3aMeHaTOpa Ha3bIBAETCSl Yrojl, HA KOTOPbIN HAaKJIOHSETCA IITaHra MpH
[IOBOPOTE H3MEPUTENILHOTO BUHTA Ha OJHO JE€J€HHE ero mkaibl. lleHy neneHus ypoBHS 7
BBIYUCIIAIOT 10 opMmyIie

rae O - 4MCIO JEJICHUH YpPOBHSI, HA KOTOPOE CMECTHJICA IMY3bIpEeK IpPH MOBOPOTE BUHTA HAa
IEIICHUN.

YpoBeHb UCCHEAYIOT MO BCEH JJIMHE €ro MIKAJIBl B MPSIMOM M OOpaTHOM XOJE Iy3bIpbKa
JByMsI TpUEMaMU. 3a OKOHYATEIbHOE 3HAY€HUE LEHbl JEJIEHUs MPUHUMAIOT CpeJIHEee
apudMeTUIECKOe U3 IBYX IPUEMOB.

HccnenoBanne npaBuIbHOCTH X042 (OKYCHPYIOIeii JIMH3BI.

OTH MCCIeI0BaHUsl BBIMOJHAIOT TOJBKO Yy HUBEIMPOB, MpEIHA3HAYEHHBIX Ui Iepeaadn
BBICOT Y€pE3 BOAHBIE MMPEMATCTBUS, KOIJA HEPABEHCTBO PACCTOSHUHM MEXIy HUBEIMPOM U
3a/IHEH U NTepeHeN peKaMU MOXKET TOCTUIaTh HECKOJIIBKUX COTEH METPOB.

Jlnis nccneoBaHUi BBIOMPAOT POBHYIO OTKPBITYIO IUIOIAAKY 60x60 m ¢ TBEPABIM TPYHTOM
1 3a0MBaIOT HECKOJIBKO KOJIBIIIKOB MO OKpYXKHOCTU panuyca 50 m (puc.15). CHayana HUBeIHUp
YCTAQHABJIMBAIOT B TOUKY A4, a peliky — mocienoBaTeiabHO B Toukax B,1,2,...,7 m kaxaelii pa3
OepyT 1o peiike OTCUETHI; 3aTeM MOBTOPSIIOT OTCUETHI, CTaBs PEIKY MOCIEI0BATEIBbHO B TOYKAX
7,6,...,1,B. 3aTtem nepeHocsAT HUBETUP B TOUKY B, a peiiky — nmocnenoBareiabHO B TOukax 1,2, ...,7
u O6epyT 1o peitke oTCYETHI. DTH JIEHCTBUS COCTABIISAIOT OJIMH MPUEM; BCETO JENal0T TPU MpUEMA.

A e7

Pucynox 15 — Cxema Touek npu UCCIeI0BaHUU X0/1a (POKYCUPYIOIIEH JINH3bI



3atem Bce m3MepeHUss oOpabareiBaloT ¢ mpumeHeHueMm ¢opmyn MHK u Beramcnsior
BEJIMYMHBI V , XapaKTepU3YyIOIIHE MPaBIIBHOCTh X0/1a (POKYCUPYIOIIEH JTHH3bI, Ha 3HAYCHUS V
CYILIECTBYIOT OMYCKH, pa3HbIe JJIs Pa3HBIX THUIIOB HUBEJIUPOB (Hampumep, 1uist HuBenupa H-05
3TOT Aonyck paseH 0,5 Mm).

Onpeuenenne Avuana3oHa u OIIHOKH paﬁ()TbI KOMIIeHcaTopa.

[lonuble wWccneaoBaHUS HUBENIHMpPAa C KOMIIGHCATOPOM BKJtouaroT: ompenenenne CKO
YCTaHOBKHM OCH BpallleHUs HHUBEJIMpPa B BEPTUKAIbHOE IMOJIOKEHUE, ONpPECIICHUEe Nrana3oHa U
CKO caMoycTaHOBKM BHU3MPHOW JMHHUU TPYObl B TOPH3OHTAJIHLHOE IOJIOKEHHE, OMpEAeTICHHUE
CUCTEeMAaTUYECKON OIMOKM KOMIIEHCAIlMM W BPEMEHU 3aTyXaHus KoyieOaHHil MOABECHOM
CHCTEMBI KOMIIEHcaTopa. Bemnuuny paumana3zona pabotel komnencatopa, CKO ycranoBku
BU3UPHON JHMHUKM TPyObl M CHUCTEMATUYECKYIO0 OIIMOKY KOMIIEHCATOpa B J1a0OpaTOPHBIX
YCIIOBHSAX OIPEIEIISAIOT C TIOMOIIBIO aBTOKOJIIMMATOpa. B MoseBbIX yCIOBUAX 3TH HCCIEIOBAHUS
BBITOJHSIOT CJIETYIOIUM 00pa3oM.

HuBenup ycTaHaBIMBarOT CTPOro B CTBOPE MEXKIY [JBYMs peHKaMH H H3MEpSIOT
MPEBBIIICHUS] MEXKIY TOYKAMHM YCTAaHOBKH PpEEK MPH MSITH TMOJOXKEHUSIX KPYIJIoro YpOBHS
(puc.16) HabmioneHus BBIOTHSIOT CEpHUAMH, OOIIEe YMCIO KOTOPBIX paBHO mATH. Bo Bcex
CepUAX MPHU KAXKIOM IOJOKEHHH KPYIJIOTO YPOBHS HU3MEPSAIOT MPEBBIIICHHUE MO YEPHOU U
KpacHOU cTopoHam peek. [lepen HOBOM cepreil M3MEHSIOT BBICOTY HUBEIUpa. B HUBenupoBaHuu
Il xnacca paccrosnue mexny perikamu paBHo 100 m u 200 M (B HUBesnnpoBanuu |Y kiacca —
200 wm). Ecnu mnpeBbllieHUs, MOJyYEHHBIE TPU PAa3HBIX IMOJOXKEHHUSAX KPYIJIOTO YpPOBHS,
OTJIIMYAIOTCSI OT HAYaJIBHOTO IMPEBBIIMICHUS (ITy3BIPEK KPYIJIOTO YPOBHS B HYJIBITYHKTE) Oolee,
gyem Ha 3 MM (Il xmacc) wm Ha 5 mm (1Y kmacc), TO HUBEIUpP HENB3s HCIIOIL30BaTh IS
U3MEpPEHUs MPEBBIIICHUH, a HY)KHO CIIaTh €r0 B MACTEPCKYIO JIJIsl FOCTUPOBKH.

LRROE

Pucynok 16 — Cxema ycTaHOBKH KPYTJIOTO YPOBHS IIPU UCCIIEI0BAaHUN KOMIIEHCATOpa

CucremaTnueckyto omuOKy paboOThl KOMIEHcaropa il KaXJOro HakKJIOHAa HHUBEJIHpa
BBIYHUCIIAIOT 1O opMmyIie

Trac hO_ MPEBLINICHUC B MWUIMMCTPAX IIPU IIOJOXKCHUU IIY3bIpbKa B HYJIBIIYHKTC, hi_

MMPEBBINICHUC B MUJIJIMMETpAX IIPU OYCPCAHOM HAKJIIOHC HHBEIIMpPA, V- AWAIIa30H HAKJIOHA
HUBCJIMpPA B MUHYTAaX OYT'U;

3aTCM IIOACYUTBIBAIOT CPEAHECC 3HAYCHUC O, U3 I-ICTI:IpéX.

JlnanazoH paboThl KOMIIEHCATOpa OIpPENeNAioT 10 MaKCUMaJbHBIM HAKJIOHAM HHUBEIUA,
IpU KOTOPHIX paboTaeT KOMIIEHCATOp, a B OTCU€TaX OTCYTCTBYIOT TpyOble oOmHUOKH. VY
HUBEJIMPOB TuNa H3 nuana3oH paboThl KOMIEHCATOpa JO0JDKEHH ObITh He MeHee 15°, ommOka
CaMOYCTaHOBKM BH3HpHOM JuHUU TpyOosl — 0,57, cucrematudeckass omuoOka paboThI
KoMmneHcaropa — (,3” Ha OlHy MUHYTY HaKJIOHa HUBEJIUPA.

Bpems 3aryxaHus KojeOaHMH ONpeAensioT KaK HHTEpBaJl BPEMEHM OT JETKOIro
MOCTYKHMBAHUS TI0 KOPITYCY HUBEJIMPA JI0 TIOJTHOTO MPEKpaIeHUs APOKaHUsI H300pakeHus peiiku
B 110JI€ 3peHMsl TpyObl HuBenupa. OHO HE TOJDKHO MPEBBIIATE ABYX CEKYH]I.

YCTpoiicTBO, NOBEPKHU M HCCIEA0BAHNS HUBEJIMPHbBIX peeK



Jis  TOYHOTO M3MEpEHHs MPEBBILEHUH MpUMEHSIOT peiiku PH-3 - 1epeBsHHBIE,
HECKJIaJIHbI€, JBYXCTOPOHHHE, C CAHTUMETPOBBIMU JeNeHUsAMH. JlJI1 YCTaHOBKM PEHKH B
BEPTHKAIBHOE TIOJIO)KEHUE HAa HEW KPEMUTCS KPYIIIbI YPOBEHb, OCh YPOBHSI JOJDKHA OBITH
napasuiesibHa MPOJOJbHONW OCHU PEHKH. DTy MOBEPKY BBIMOJHSIOT TAaK: K PEUKE MOJABEUIMBAIOT
OTBEC M YCTAHABJIMBAIOT PEHKY BEPTUKAIBLHO IO HUTH OTBECA; PU YKIOHEHUU My3bIpbKa YPOBHS
OT HYJIbIIYHKTA UCITPABUTEIbHBIMU BUHTAMHU YPOBHSI IPUBOJIAT ITY3bIPEK B HYJIBITYHKT.

[ToBepXHOCTH peiiKu MOKHA OBITH IJIOCKOM; Ul TIPOBEPKU 3TOTO YCIOBHUS BIOIb PEHKH
HATATUBAIOT HUTKY; MPOCBET MEXKIy HUTKOW M PEHKOW HE MOJDKEeH ObITh Oombine 10 MM (s
MHBapHOU PEUKH — O MM).

[lepen HayaioM TMOJIEBBIX PAOOT M TMOCIE HMX OKOHYAHHWS BBINOJHSIOT CIEIYIOIINe
UCCIIEI0BAHUS PECK:

- IPOBEPKA MIPAaBUIbHOCTH HAHECEHUS JEUUMETPOBBIX JCIICHH,

- KOHTPOJIBHOE OIIPENEIICHNUE CPENHEN IIMHBI METPOBBIX HHTEPBAIIOB PECK,

- OIIPE/ICJIEHUE PA3HOCTHU BBICOT HYJIEH peekK.

Jns onpeneneHus OMHMOOK JEIMMETPOBBIX JACICHUNW W ISl U3MEPEHUS OTICIBHBIX
METPOBBIX MHTEPBAJIOB UCIOJIB3YIOT METAUIMYECKY0 KOHTPOJIBbHYIO JIUHEHKY C LIEHOM JelIeHUs
0.2 MM. Meroauka 3TUX HCCIEIOBAaHUN H3JIOkeHa B MHCTPYKIIMU 1O HUBEIUPOBAHHIO [5].
OmmOKku JeMMETPOBBIX JeNeHUi peliku mpu HuBenupoBaHuu |l kmacca He DOMKHBI
npeBbimath 0,4 mm, 1Y kinacca — 0,6 vm.

[Tpu ompeneneHUy pa3HOCTH BBICOT HYJEH peek Ha PacCTOSIHUHM OKoJo 15 M oT HuBenupa
3a0uBalOT Tpu KocThUid. Ha Kakaplil KOCTBUIb MOOYEPENHO YCTaHABIMBAIOT 00€ pedku, U
BBITMIOJHSIOT OTCUETHI MO YEPHOM U KpacHOU cTopoHaM peek. [ToBTopsitoT Bce HaOMIOACHUS Ha
BTOPOM M TPETbEM KOCTBUISIX. DTH JEUCTBUSA COCTaBISIOT OJUH NPUEM; BCETrO JENAl0T TPHU
npuéma. Pa3sHOCTH BBICOT HYJIEH BBIUMCIIIOT CHayana Uil KaXI0M pEeHKu, a 3areM — Uit
KOMIIJIEKTA peeK.

Kpome 3Toro, y kaxaon pedkH HpOBEPSIOT COBMAJCHHE MATKU PEHKH C OChIO HYJIEBOTO
LITpUXa YEPHOM CTOPOHBI PEUKHU. /[ 3TOr0 ¢ NMOMOIIBIO KOHTPOJBHOM JIMHEUKH H3MEPSIOT
paccTosiHuEe OT TUIOCKOCTH TMSTKU PEUKH 10 MEePBOTO JACLHUMETPOBOTO IITpUXa; Ui yA0OCTBa
OTCUUTBIBAHUSA K ISATKE PEUKHU IMPUKIIAJBIBAIOT JIe3BHE 0e30nacHON OpUTBBI. Y JI€pEBSHHBIX PEEK
PH-3 HecoBnageHue He TOIKHO MpeBbIIATh (0,5 mm.

Hugeanposanue |11 knacca

HusenupoBanue |ll xmacca mpokmaasiBaloT BHYTPH HOJMTOHOB HuBenupoBanus | u |l
KJIACCOB KaK OT/ENBbHBIMH XOJIaMH, TaK U B BHJIE CUCTEMBI ITEPECEKAIOIINXCS XOJ0B C Y3JIIOBBIMU
TOYKaMH TaK, YTOObI pa3fenuTh Kaxabli nmonuroH |l kinacca Ha 6 — 9 MOJMTOHOB MEPUMETPOM
150 — 200 kM.

s obecrieyenust tomorpadguueckux cbéMok Macmrtadba 1:5000 u KpymHee JIMHUU

HuBenupoBanus Ill kiacca mpokiagpiBalOT ¢ pacy€ToOM CO3JaHUS IMOJIMTOHOB MEPUMETPOM B
cpenHeM okoJo 60 kM.
Hugenupubsie xoas! |1l kmacca mpoxsagpiBaloT MO OJHOM Mape KOCTbUIEH B NPSMOM H

00paTHOM HAamNpaBJIEHUSX U M0 BO3MOKHOCTH C YETHBIM UYHCIOM CTaHIMN B KaKJOW CEKIIMH.
3akperienue quHui HUBenupoBanus |1l kitacca mpou3BOAUTCS MOCTOSIHHBIMU penepaMu yepes 5
— 7 kM.

[IpeBbimeHUsT W3MEPSIOT JUOO IO WHBAPHBIM IITPUXOBBEIM pEHKaM HUBEIHpPAMH C
ONTUYECKUM MHUKPOMETPOM MO cHocoOy COBMeEIIeHUH, MO0 MO IIAIeYHbIM peikaM C
OTCUETAMH I10 CPETHEN HUTH.

HuBenups! u peiiku JOKHBI YAOBIETBOPATH YCIOBHUAM, EpEUnCICHHBIM B MHCTpyKINU:

- yBenuyenue TpyOsl He MeHee 30™ (wmm 35%);

- IeHa JeIeHHs MPOCTOTO IMIHHAPHICCKOTO YPOBHS He Gonee 15, KOHTAKTHOrO — He

ooiee 30”;

- yrou i e 6onee 10 ;
- LIeHa JieNIeHHsI KpYTJIOro YCTaHOBOYHOTO YpOBHS He Oosee 12 ;
- omu0Ka METpPOBOTO WHTEPBAJIA MITPUXOBBIX peek He Oonee 0,5 MM .

s auBenupoBanus |1 kmacca paspemaercst npumensite HuBenupsl H3, H3K, H3KJI, HBI,
HI' v UM COOTBETCTBYIOLIKE.



[[Tameynsle pedku — TPEXMETPOBBIE ABYXCTOPOHHME C CAaHTUMETPOBBIMU JeineHUsAMU. Ha
YEPHBIX CTOPOHAX PEEK HYJIM COBNAJAIOT C IATKAMH, @ Ha KPACHBIX CTOPOHAX C ISATKAMHU
coBragaoT oTcuétel Oonee 4000 MM, mpuuéM OTCUET HAa KPAaCHOW CTOPOHE OAHON pelku
OTJIMYAETCS OT OTCYTAa Ha KPacHOM cTtopoHe apyroil peiiku Ha 100 MM (Hampumep, Ha OJHOU
peiike otcuér 4687, Ha apyroi — 4787).

B ciyyae mpuBA3KM K CTEHHBIM MapKaM IPHMEHSIOT IOJBECHYIO PEHKY C TaKMMM JKe
JIEJIEHUSAMH, KaK U Ha OCHOBHBIX peiikax. Hynp Ha nmojBecHoO pelike 10JKeH ObITh COBMELIEH C
LIEHTPOM OTBEPCTHUS AJS IUTHU(TA, HA KOTOPOM pPEHKy MOABELIMBAIOT K CTeHHOM Mapke. [Ipu
HEBO3MO)XHOCTH UCIIOJIb30BaHUS MMOABECHON PEUKH MIPUMEHSIOT IPYTHE CIIOCOOBI.

HusenupoBanue BeImoyHsIOT ydactkamu B (20 — 30) kM. Ilepexom oT HUBeTUpOBaHUS B
OpsSMOM HAalpaBJIeHUH K HHUBEIMPOBAHHWIO B OOpPAaTHOM HAINpaBICHUH JENAIOT TOJBKO Ha
IIOCTOSIHHBIX perepax.

HopmanbHast aivHa BH3MPHOTO jyda 75 m (OpH yBeiamdeHWd TPyObl Gonee 35" mna
BU3HUPHOIO JIyda MOKET Jocturatsb 100 m).

HepaBencTBo 1u1ed Ha cTaHuK He OoJiee 2 M, HAKOIJICHHE IO CEKIMH He 0oJiee 5 M.

BbicoTa BuU3MpHOro Jyya Haj HPENATCTBUSAMHU A0JKHA ObITh HEe MeHee 0,3 M (0oTc4ér mo
4EPHBIM CTOPOHAM peek JoikeH ObiTh Oombine 0300).

HuBenupoBaHue BBIIOIHAIOT IPU XOPOIIeH BUIUMOCTH M CIIOKOMHBIX H300pakeHUAX PEeK.
B conneuHble 1HU HE clieyeT HUBEIUPOBATh B MEPUO/IbI, OJU3KHE K BOCXOJY U 3aX0/y COJIHIIA.
[Tpu paboTe Ha cTaHIIMM HUBEIHMP 3ALUILAIOT OT COJIHEYHBIX Jydel TonorpaduueckuM 30HTOM.
Peliku ycTaHaBIuBarOT MO YPOBHIO HAa KOCTBHUIM WM OalllMakH; B MECTaX YCTAaHOBKHU OalllMaKoOB
OpeaBapuTeNbHO CHUMalT JEpH. Ha phixnbIX winm  3a00JI0UEHHBIX y4acTKax perku
YCTaHABJIMBAIOT HA 3a0UThIE B 3€MJIIO JE€PEBSIHHBIE KOJIbSI C BOUTHIMU B UX TOPLBI TBO3SIMU C
noiaychepuyeckuMU TojioBKamMu. Ha 3a00704eHHBIX TpyHTaX pPEKOMENYEHTCS IPUMEHSTh
HUBEJIHUPBI C KOMIIEHCATOPAMM; 110 HOXKKH IITaTUBA HEOOXOAUMO 3a0MBaTh 1€PEBSIHHBIE KOJIbSI.

[TocnenoBarenbHOCTh HaOMrOAEHUI Ha cTaHMK HUBenupoBanus |11 kinacca:

1. YépHas cTropoHa 3a7HEN PEHKU — 3JE€BAllMOHHBIM BUHTOM IPUBECTH IY3bIPEK YPOBHS B
HYJBITYHKT, B35Th OTCUET 1o cpeanedt Hutu Y3 (1) u 3areM — 1o JaJlbHOMEPHBIM HUTAM (2) U
3).

2. UépHast cTOopoHa nepegHel pedku — 3JIeBallMOHHBIM BUHTOM IPUBECTH MY3bIPEK YPOBHS
B HYJIBITYHKT U B35ITh OTCYET 10 cpepHel Hutu /1 (4) u 3aTtem — ABa 0TC4ETa MO JaTbHOMEPHBIM
HUTIM (5) 1 (6).

3. Kpachas cropoHa nepenHeit peiiku — 3JeBalliOHHBIM BUHTOM TPHBECTH MY3BIPEK YPOBHS
B HYJBITYHKT U B3sITh OTCUET 10 cpeaneit uutu 1K (7);

4. KpacHasi cTopoHa 3aJHell peiiku — 3J1€BallMOHHBIM BUHTOM MPUBECTH My3BIPEK YPOBHS B
HYJIBITYHKT H B35Th OTCUET 10 cpenHel uutu K3 (8).

Bce 3amnucu nenaroTcst B )KypHalie yCTaHOBICHHOU (popMbl (Tabnuma 3).

Tabnuna 3 — ®opma xxypHana HuBenuposanus |1l kinacca

Howmep | 3apuco Otcuérel o Kontpon | HaGmonenus no cpenneit | Cpenne
a BKa JAJIbBHOMEPHBIM | bH. HUTHU e
LITaTUB | IPUBS3 HUTSAM IIPEBBILI IIPEBBI
a U | K1 3agnsa | llepenn | eHus 3agusas | [lepenn | [IpeBbr | mie-nHue
peek Ss s IIEH.

1 1572 1812 240 | 1739 1971 -232 -231,5

1-2 (2) ) (11) 1) 4) (14) (19)
1904 [2130 |- 226|6430 |6761 |-331
3) (6) (12) (8) (7 (15)
332(9) | 318 | +14/+14 |4691 |4790 |+ 99
(10 (13) (16) (17) (18)

B HuBenupax ¢ KOMIEHCATOPOM Tepe]] B3SITHEM OTCUYETOB IO peilke cierka MOCTyKHBAaIOT
najnblieM MO0 KOPIYCYy HUBENIUpPA I TOT0, YTOOBI yOEAUTHCS, YTO KOMIIEHCATop He "3aBHcaer".
Jis HaOmroieHUi Ha CTaHINK CYLIECTBYET HECKOJIBKO JOMYCKOB:

- YKJIOHEHHE (paKTHMUECKOW Pa3HOCTH OTCUETOB MO KPACHOM M YEPHOW CTOPOHAM pPEHKH HE
JOJDKHO OTJIMYATHCS OT PAa3HOCTH BBICOT HyJEH peiiku Oonee 3 MM,

- Pa3sHOCTb MPEBBIIICHUN 110 YEPHBIM U KPACHBIM CTOPOHAM pEEK HE JOJDKHA IPEBBILIATh 3
MM C Y4E€TOM Pa3HOCTH BBICOT HYJIEH peek,



- Cpe):[Hee 13 OTCUCTOB II0 I[aHBHOMepHBIM HHUTAM HE OOJIDKHO OTJIMYATHLCA OT OTCUECTA I10
CpeIHe HUTH OOoJIbIIe 3 MM.

Ecnmu kakoif-mmbo M3 ATHX JOMYCKOB HE BBIMOJHSAETCS, TO HAOMIOIEHUS HA CTAHIUU
HEO0OXOJIUMO TOBTOPUTH, MPEABAPUTEIHLHO M3MCHHB BBICOTY NMPHOOpAa HE MEHEe, YeM Ha TPH
CaHTHMETpa.

Kontpoins 1o cexuun ‘Z s + Zhwp <10mm-~ L . Ecnu 5T0 yClOBHE HE BBLIITOIHAETCS,

TO JeNalT el OJUH X0, U, €CJIM NPEBBIIICHHUA 110 BCEM TpeM XO0JaM pasIn4aroTCs HE 60.]'[66,

yem Ha 15mm-vJL, TO B o0paboTky OepyT Bce TpW XOJa; €CIH OJIWH XOHI SIBHO
HEYIOBJICTBOPUTEIIbHBIN, TO €r0 OTOPAKOBBIBAIOT.

[lepeuniciuM  WHCTPYMEHTAJIbHBIC OIIMOKH, COMPOBOXIAIOIIME MPOIECC H3MEPEHUs
NPEBBIIICHHI HA CTAHIHH:

- omuOKa MPUBEACHHUS BUSUPHON JIMHUH TPYObl B TOPH30HTAIBHOE MOJIOKEHUE

m
_ P
m, = w S(,\w) '

yo,
~ M.
rae m,, - omMOKa yCTAHOBKH YPOBHS B HYJIb IYHKT (m,, ~3"); IIpH PacCTOAHMU OT HUBEIHMpA

1o peiikn S =100xm =100000r0m m, = 1,5mm.

- oIKOKa OT HECOOIIOICHUS TJIaBHOTO YCJIOBUS HUBEIUPA; IPU PABEHCTBE PACCTOSIHUNA OT
HUBEJIMpa 10 3aHEU U NIEpEAHEN peeK Ha CTAHIIMM OHA MCKIIK0YaeTCs,
- ommOKa M3-32 HENPAaBWIBHOIO XOAa (POKYCHPYIOLIEH JUH3bI, s HCKIIOYEHHS 3TOU
OIIMOKH PEKOMEH/IYETCsl He MEHATh (DOKYCHPOBKY IpH HAOIIOICHUH 33 JHEH U TIepeIHEH peek,
- OIIMOKa HEIOKOMITEHCALUU HAKJIOHA 3PUTEJIbHON TPYObl Y HUBEIUPOB € KOMIIEHCATOPOM;
Ui ocnalieHus 3TOM OIMOKM CIenyeT COONIONATh ONPEACTCHHBIM MOPSAOK NPUBEICHUS
IIy3bIPbKa YCTAHOBOYHOI'O YPOBHS B HYJIBITYHKT,
- omMOKa B OTCYETE MO peiKe M3-3a OrpaHMUEHHOHN pa3pemaroeil crtocOOHOCTH TPYOBI
60"-S
m =—:
p p . V
rae: S - pacCTOSIHHE OT HUBEJIHMpA 0 PEeUKH, V - yBenwmueHnue Tpyosr; npu S =75m u V =30"
m, = 0,75mm ,

- omrOKa M3-3a HaKJIOHa peNKH; MPU YCTAaHOBKE PEHKU 10 YPOBHIO 3Ta OMKMOKA OYeHb Majia
(mens1e 0.0 mm), 1 €10 MOKHO IIpeHeOpeyb,

- omMOKa B3ATUSI OTCUeTa IO peliKe; MO pe3yJabTaTaM CIEeNHUAIbHBIX HCCIEAOBAHUN 3Ta
oImnOKa OLIEHUBAETCS BETUUNHON 0.8 Mmm,

Jlanee nepeuncivM OMIMOKY U3-3a BIUSHUS BHEIIHUX YCIOBUMA:

- ommOKa M3-3a BIMSAHUSA pedpakiuu; s ocnabieHus 3TOM OmMOKH peKOMEHAyeTcs
U3MEPSATH MPEBBINICHNS B IEPUObI XOPOIIEH BUIUMOCTH U YETKUX N300paKeHHH,

- oIIMOKa M3-32 BEPTUKAIbHBIX NIepEeMEIICHUI KOCThIIeH U OalmMaKos,

- ommnOKa M3-3a HEYCTOWYMBOCTU IITATHBA; Ha ClIa0bIX TPYHTaX PEKOMEHAYETCS CHUMATh
JIEpH WIN yCTaHAaBJIMBATh HOKKH ILTAaTHBA HA JIEPEBSIHHBIE KOJIbs, 3a0UTHIE B 3¢MJIIO Ha TITyOUHY
0.2-0.4 m.

Pacuer cymmapHoii ommOKu oHOTO OTCYeTa Mo peiike npu HuBenauposanuu Il kmacca gaer
pesynbTaT oKoyo [.lwmm - 1.2mm; ommOKa CpPeaHETO MPEBHIIICHUS HAa CTAHIIMU OIEHUBACTCS
TakOW jke€ BeNMYMHOU. [Ipy paccTOsHMM OT HMBEIHMpPA J0 PEEK OKOJIO /) M HAa OJMH KUIOMETP
xola OyaeT ceMb CTaHIMM, W TpU JBOMHOM XOJ€ CpeAHss KBaJapaThyeckas oIInOKa
IIPEBBILICHNS] HA OIMH KUJIOMETP X0/1a MOJIy4aeTCsl paBHON

m,, =12mm- J7/2=23mm.

[lepeuncnuM 0coOEHHOCTH BBINOJIHEHUS HUBEIUPOBaHUS B ropoaax. Ecmu teppurtopus
ropoga mo rwiomaau mnpesbimaer 500 KBagpaTHBIX KWJIOMETPOB, TO HAa €ro TEPPUTOPHUU
pa3BuBaeTcs HUBenMpHas ceTb | kimacca, xoTtopast crymaercss HuBenupoBanuem |, 11, 1Y
kjaccoB. Ecnu miomans roposa Haxoaures B npeaenax S0 + 500 xBagpaTHbIX KHUJIOMETPOB, TO
Ha Hell pa3BHUBaeTcs ceTh HUBeIMpoBaHUs |l kiacca, a cryuieHue BbIIOIHSIIOT HUBETUPOBAHUEM
Il » 1Y xnaccos. Ilpu nnomanu ropoga /0 =~ 50 KBagpaTHBIX KWJIOMETPOB HAa TEPPUTOPUU
ropojia pasBuBaercs ceTb HuBenuposanus |1l knacca, a cryiieHue BHINONIHAIOT HUBEIUPOBAHUEM
IY xnacca. Ecnu momans roposna wim Apyroro Hacen€HHOTro myHKTa MeHblne 10 kBaapaTHBIX
KUJIOMETPOB, TO Ha €ro TEPPUTOPUM pa3BUBAeTCs ceThb HuBenupoBaHus |Y kmacca. [{nuHbl
HUBEJIMPHBIX JUHUHN (x010B) Il Kimacca Mexny y37m0BBIMH penepaMu He TOJKHBI npeBbimarh 10



km (B HE3aCTpOEHHOM 4dacTu ropoaa — /5 xkwm). Kak mpasuio, HuBenupsbsle nunuu |1l xiacca
napajuieJIbHbl OJHA JPYro, W uepe3 J km (Ha HE3aCTPOCHHOM YacTh — & KM) JOJIKHBI
CBSI3BIBATHCS MEXTy co0oil. [lepumerp monmuronoB Huenuposanus |1l kiacca B ropogax 25 +
40 xm, B cpenneM okojo 30 ku. Penepbl Ha HuBenupHBIX uHUAX |11 © 1Y K1accoB 3aknaasiBaoT
He pexe, yeM uepe3 300 m (Ha HeacTpoeHHOoM yactu — yepe3 500 + 2000 m.

OBPABOTKA HUBEJIMPOBAHUA |11 KTACCA
O0pat6oTka HuBeupHoro xoaa |11 kaacca

Pa3oMKHYTBIM HHBEIUPHBIA XOJ HAYUMHACTCA HA DPEIEpe C HM3BECTHOM OTMETKOW H

(HauanpHBIM MCXOAHBIM pernep) M 3aKAaHUMBACTCS HA penepe ¢ MU3BECTHOM OTMETKOU
H  (KOHEUYHbI MCXOAHBIN penep); X0l BKIKOYAET t pernepoB ¢ HEM3BECTHBIMM OTMETKAMHU H

COCTOUT U3 N CeKIUi (CeKIMel Ha3bIBaeTCs YacTh XO0Jla MEXKIY COCEIHUMH perepamu); TaKuM
obpazom, n—t =1 (puc.17).

Pucynok 17 — Cxema pa30MKHYTOI0 HUBEJIMPHOTO XO/a

Brenewm crnenyromye 0603HaYCHUS JIEMEHTOB HUBEJIMPHOTO XO/1a:
7 - KOTAYECTBO CEKIINI B XOJIE,
[, - nnuHA I-TOH CeKIHH,

[, - pacCTOSIHUE OT HA4aJIbHOT'O ICXOIHOT'0 perepa J0 pernepa ¢ HOMEpoM |,
[, - paccTosiHUE OT periepa ¢ HOMEPOM | JJ0 KOHEYHOT'O HCXOIHOTO Perepa,
k, - KOJMYECTBO CTaHIMWI Ha I-TOW CEKIHH,

L - nnnHa Becero xoxa, L = Zli ,

K - o0111ee KOIM4YeCcTBO CTaHINK B xo1e, K = Zk[ ,

h
h
h i(ep)
d, - pa3HOCTh N3MEPEHHBIX NPEBBIICHHUH HA I-TOH cexuuu, d, = h

i(np) - A3MEPEHHOE MPEBBIILIEHUE 11O I-TOH CEKIMK B IPSIMOM XO/IE,
/(o6 ~ IBMEPEHHOE TIPEBBINIEHUE MO I-TON CEKIMK B 0OPaTHOM XOJIE,
- I3MEpEHHOE CpeTHee MTPEBBIICHNE I10 I-TOW CEKIIHH,

+h

i(np) i(o6p)?

i
V,; - IONIpaBKa B CpeJiHee MPEBHIIICHNE O i-TOW CEKINH,
f, - BBICOTHasl HEBs3Ka XOJa,
m,, - CpeJHss KBaJpaTuiecKkas OlnOKa H3MEPEHHOTO MPEBbIILIeHNs Ha 1 kM Xoza,
H, - oTMeTKa i-TOTO pernepa,
P, - Bec OTMETKH i-TOTO perepa,

M .~ CPCAHS KBaApaTUICCKasd omubKa OTMETKH I-TOro periepa.

O6paboTky u3smepennit B HuBenupHoM xoje |1l kmacca BBIMOTHSIOT B CIICAYIOIIEM TOPSIKE:
1. BblUHCHSAIOT CpeIHUE TPEBHIMICHUS MO CEKIHSIM

1
hi(cp) = 5 ’ (hi(np) - hi(06p)) ’

KoHTponupytoT npaBuIbHOCTH BEIYMCICHUN CPEeTHUX MPEBBILIEHUI 110 hopMyie
1
2 i = 5 Qi = 2 o) -

2. Beruucnsror BBICOTHYIO HCBA3KY X04a



fh = Zhi(cp) _(HKOH _HHau)

" CPABHUBAIOT €€ C JOIMMYCTUMBIM 3HAYCHHUCM
fh(z)on) = IOMM : L

3. BbIUKCHAIOT NONPaBKU B CPEIHUE IIPEBBIIICHUS

(rem)

7

Vii :_ﬂ'l'
L

4. Brpraucasmior HCIIPABJICHHLIC 3HAYCHUA CPCIAHUX HpeBLILHeHI/Iﬁ U KOHTPOJJHUPYIOT
MMpaBUJIbHOCTb UX BBIYMCIICHHI

h hi(qv)

zh[(ucnp) = HKOH - Hyaq .
5. Breruncisaror YPaBHCHHBIE OTMETKHU OIIPEACTIACMBIX PCIICPOB
H, =H_ +h
Ha4YrvHas C Ha4dYaJbHOI'0 pPEIi€pa, y KOTOPOro i=0 , 1 3aKaH4YHMBasgd Ha KOHCYHOM HCXOJHOM

Pperiepe, BBIYMUCICHHAA OTMCTKAa KOTOPOr'o AOJIKHA OBITH B TOYHOCTH paBHa 321I[3,HH01>1 OTMCTKC
H

i(ucnp) = + Vhi '

i(ucnp) !

xon *

6. Beruucnsror CPCAHIOIO KBAAPATUUCCKYIO OI_HI/I6Ky IIPCBBINICHWA Ha 1 kM X04a ABaXXbl

2
1 1 |la
mmz 5 ' mmz - 5 ’ L !
7. BBMUHUCIAIOT BEca OTMETOK OIIpCACIIACMBIX PCIICPOB

L
PHi ) [liH ] [lm] .

8. Beruucisior CPCAHIOIO KBAAPATUYICCKYIO OIINOKH OTMETOK OIIPCACIACMBIX PCIICPOB

Teopernueckoe o6ocHoBaHue omepauuit 6, 7 um 8 nmaercas B TMOI'M (teopun
MaTeMaTU4eCcKoil 00pabOTKH reo/1e3MUeCKUX U3MEPEHNN ).

B TMOI'U pa3paboTaHO HECKOIBKO CIOCOOOB CTPOTOM W YHPOIIEHHONW COBMECTHOU
00paboTku Tpynn uzMepeHui. OCHOBHBIM CIIOCOOOM cTporoi obpabotku siBmsiercs MHK —
METOJ HauMeHbIIUX KBajparo; Teopuss MHK Obuta pazpaGorana B camom Hauaie XIX Beka
HE3aBUCHMO JABYMs Y4E€HbIMHU: (ppaHiy3ckum Mmatematukom A. M. Jlexxanapom B pabote
“HoBble MeTOIbl ompeneneHus KoMeTHelx opOout” (1806 ron) m Hemeukum yuéHsiM K. .
['ayccom B pabore “Teopust nBuxkeHHs HEOECHBIX Ten, oOpamarouuxcsd BoKpyr CojHIa o
koHnueckum ceueHusiM” (1809 rox). I[Ipaktuueckoe mpumenenne MHK Obuto ocyiecTBieHo
K.®. I'ayccom B 1801 roay npu pacuére opOUTHI TOJBKO YTO OTKPBITONW Majoi miaHeTsl Llepepa
Mo pe3yNbTaTaM HaOIIOACHHH 32 STOH MIaHEeTOH.

CymectBytor nBe paszHoBuaHoctd MHK: mapamerpuyeckuii cnoco® ypaBHUBaHUS U
KOppenaTHbI crmoco® ypaBHMBaHMSA; pa3pabOTaHbl M KOMOMHUPOBAHHBIE CIOCOOBI
napaMeTpUuecKuii Crnocod ¢ JOMOJHUTEIbHBIMU YCIOBHSIMH M KOppEeJaTHbIH crocod
JOTIONIHUTENbHBIMU Heu3BecTHbIMU. llocnenHune nBa necsatka ser B Poccunm wuzparorcs B
ocHoBHOM yuebHuKH 1o TMOI'U npodeccopa 0. 1. Mapkyse.

[TpuBeEHHBIN BBIIIE aITOPUTM 00paOOTKU HUBEJIMPHOTO X0/1a ABISETCA YACTHBIM CIydyaeM
KOppENaTHOro crnocoda ypaBHUBAHUS MTPU OAHOM U30BITOYHOM H3MEPEHUU.

o

[MoHsaTHE 0 KOPPEIATHOM CIIOCO0€E VPDAaBHUBAHUA

[TycTe BBINOJHEHO 7 M3MEPEHHH, W PE3yabTaThl dTUX HM3MepeHud L,,L,,...,L, WMEOT
U3BECTHBIE BECA P, D,,..., P,. L1IOCKOJIIBKY pe3ylbTaThl M3MEPEHMH HEM30€XKHO CoaepKaT

HEKOTOpbIE OINMOKM, B PE3yldbTaTe YPAaBHUBAHUS IIONy4YaTCs TaK HA3bIBAEMBIE ypPABHEHHBIC
3HAUYEHUsI U3SMEPEHUH y,,Y,,...,V,, Ipuuém y, = L, +V,; 3aecs uepe3 V, o003HaueHa NOMpPaBKa

1



B I-Toe m3mepenue. B MHK monpaBku B m3MepeHUs] HAXOAATCS O YCIOBUEM [p V- V] =min;
3TO M €CTh MaTeMaTH4ECKasl 3alMCh IPUHIUIIA HAMMEHBIINX KBaIpaToB.

CHauaja HYXXHO COCTaBUTb YCJIOBHBIC YPAaBHCHUS CBA3U
¢l (yl )yza---,yn) = 0
qDZ (y19y25'--’yn) = 0

@,(V15Y550,) =0
Ywuciio Takux ypaBHEHHH OyleT paBHO KOJIMYECTBY M30BITOUHBIX M3MEPEHUN » =n—t, T1Ie
! - KOJIMYECTBO onpez[eﬂ;leme HCHU3BCCTHLIX. YCJ'IOBHI)IM ypaBHeHI/ISIM CBs3HU y,HOBJ'IeTBOp}IIOT
HNCTHUHHBIC 3HAUCHHA HU3MCPCHHBIX BCJIIMYHUH, OJHAKO, H ypaBHeHHBIe 3HAUYCHU I/I3MepeHHﬁ
JIOJKHBI yJIOBJIIETBOPATH 3TUM yCIOBUAM. Hampumep, eciaum U3MEpUTh B TPEYIOJBHUKE BCE TPU

yriia ¥ 0003HAUUTh UCTUHHBIE 3HaueHHs yrios uepe3 f,,[,,....,[,, a ypaBHCHHbIC 3HAYCHUS

yrios uepe3 B, By, 3,, TO IOKHBI BBIIONHATbCS ycnoBus: f3, + 3, +...+ 3, =180° u

, , , 0
B+, +...+ 5, =180".
Ecnmu B ypaBHEHUs CBSI3W TIOCTaBUThb pPE3YyJIbTaThl W3MEPEHUI, TO OHH HE OyayT
BBITIOJTHATHCS, TaK KaK X MPaBbIe YacTH HE OYyIyT paBHBI HYJO
@ (L1>L2 ""’Ln) =W
o, (L,,L,,...L,)=w,
o (L,L,,.,.L)=w,
B mpaBoii wacth Kaxkaoro ypaBHEHHS HAXOAWTCS TaK Ha3blBacMas HEBSI3Ka YCIOBHOTO

YpaBHCHMU.
Ecimu YpaBHCHHA CBA3HU HCIUHEWHEI OTHOCHTEIHHO 1/13MepeHm71, TO CHa4dYasla UX HYIKXHO

NpUBECTU K JIUHEHHOMY Buny @,(L, +V,L, +V,,...L +V )=0, g uero Hy>KHO pa3I0oXUTb
KaX70€e ycioBue B psan Telnopa M COXpPaHUTh B HHMX TOJIBKO YJIEHBI IIEPBOrO MNOpPsAKa

o, op, o0,
pa3noKeHus ¢i(L1,L2,...,Ln)+£-Vl +£~V2 +...+£~Vn =0.
oL, 'L, oL,
op op op
O6o3HaUUM —+ =aq., 2=p,..., — =r U IOOIYYUM CUCTEMY ypaBHEHHI
oL, " aL U ar YA yp

i i i

a -Vi+a, V,+..+a,- V. +w, =0
b -Vi+b, V,+..+b,-V +w,=0
nV,+rn-Vy+..+r -V +w =0

OTH ypaBHEHHs Ha3bIBAIOTCS YPAaBHEHUSMHU IIONPABOK; OHM JIMHEWHBI OTHOCHUTEIBHO
MONPAaBOK B M3MEPEHUS U MOTYT OBITh pEeHIeHbl KaKUM-THMOO0 MEeTOJIOM, pa3pabOTaHHBIM B
MaTeMaTuke. B mpolecce pemeHus 3TOM CUCTEMBl YPaBHEHHMU HaxXOIAT IONpaBKHU V., 3areM
BBIYNCIIAIOT YPAaBHEHHBIC 3HAYEHUs W3MEPEHHBIX BEIWYUH U, MOJb3YSICh MAaTEeMAaTHYECKUM
3aBHCUMOCTSIMH B KOHKPETHOM T'€0JI€3UYECKOM MOCTPOCHUH, BBIYUCISAIOT JIIOObIE €€ 3J1eMEHTHI
(111 HUBEJMPHBIX CETel — 3TO OTMETKH OIpeAeNIeMbIX PErnepoB, /ISl MIAHOBBIX CETed — 3TO
KOOpJMHATHI ONPENEAEMBIX IIYHKTOB).

ITockonbKy KOJIMYECTBO YPABHEHUN IONPABOK 7 BCETJa MEHBIIE KOJIUYECTBA IIONIPABOK 71,
TO CUCTEMa YPABHEHUU IIOIIPAaBOK HE MMEET PELICHHUs, HO, IPUIIUCAB K 3TOU CUCTEME YCIIOBUE
[p V- V] =min , MOJYyYHM M3BECTHYIO B MaTeMaTHKe 3aJauy Ha yCJIOBHBIM 3KCTpeMyM. 3ajaua
pemiaercss 4epe3 HAaXOXKACHUE BCIIOMOraTeIbHBIX MHOXUTened Jlarpanika, Ha3bpIBacMBbIX



KOppenaTaMu U 0003Ha4aeMbIX K, ; KOJIMUECTBO KoppenaT paBHO 7. [lompaBku V, BbIpaxaroTCs

gyepe3 Koppenarhl CIeAyImnuM 00pa3om
V.=m-(a, k +b, -k, +..+r,-k.);

. . 1
37€ch uepe3 77, 0003Ha4YeH 0OpaTHBIN BEC I1-TOr0 U3MEPEHUs 7, = — .

D,
3HaquI/Iﬂ KOppeCjaT HaXOJIATCA U3 peI_HeHI/IH TaK HA3bIBACMBIX HOPMAJIbHbIX ypaBHeHHI?'I
KOPpEJIAT; KOJIMYECTBO HOPMAJILHBIX YPABHEHUHM PABHO KOJMUECTBY KOppear »

[z a-al-k +[x-a-bl-ky+..+[z-a-r] k. +w, =0

[z-b-al-k +[z-b-bl-ky+..+[x-b-r]-k, +w, =0

Pemienne HOpManbHBIX YPaBHEHUN MOKHO BBIIIOJIHATH 110 Pa3HOMY: NP PYYHOM CYETE — 110
anroputmy l'aycca WM METOIOM KBaJIpaTHBIX KOPHEW, IPU MAIIMHHOM CYETE€ — METOAOM
oOpamieHus MaTpuIlbl K03 (HUIUEHTOB HOPMAIBHBIX YpaBHEHUH.

KoHTponeM mNpaBUIBHOCTH pEUIEHHWs HOPMAJIbHBIX YPAaBHEHUMU SIBIISIETCS BBIIIOJIHEHUE
yCIIOBHS [p-V-V]z—[k~w]; TaK)K€  IPOBEPAIOTCA  WMCXOAHBIE  YPaBHEHHsS  CBA3U

o,(L, +V,L,+V,,...L +V )=0.
OI_IeHKy TOYHOCTHU BBIITOJIHAKOT B JABa aTaria. CHa4yaJia BBIYNCJIISIKOT CpPCAHIOIO
KBaI[paTI/IquKyIO OHII/I6Ky CINHNIBI BECa

/|5~V~V|
H=\——
n—r

" 3aTCM - CPCAHIOI0 KBAJIPATUICCKYIO OI_I_II/I6Ky Jr000H Q)YHKHI/II/I HU3MCPCHHbLIX BCIIMYHH

mp =H: L :
Pr

BeC QYHKIUHU p,. BBIYUCISIOT JUISl KAKAOH (QYHKIUH OTIENIBHO.

B wmarpuuHoii 3amucu Teopusi KoppenatHoro crnocoba MHK-ypaBHuBaHUS umeeT
cnenyromui BuJ. CuctemMa ypaBHEHHH MTONPABOK 3allMCHIBAETCS B BUJIE MATPUYHOTO YPAaBHEHUS

AV +W, =0,

3geck A, - Marpuna Kod()(UIMEHTOB ypaBHEHWH IONPAaBOK pa3smepoM 7n(r CTPOK H
n cToNO1oB); V, - BEKTOp mompaBok pa3mepoM nl (7 crpok, 1 cronbem); W, -BEKTOp HEBS30K
pasmepom rl (7 ctpok, 1 cTomnberr).

VcoBre MUHMMYMa CyMMBI KBa/IpaToB MOTPABOK 3anuckiBaeTcs Tak V) - P, -V, =min .

Cucrema HOpMaJIbHBIX YPaBHEHUN KOppenaT UMEET BUJ

N, -K.,+W, =0,

re N,,- matpuna koo(QQUIMEHTOB HOPMAIBHBIX ypaBHeHMH koppenar, N, =A, -T1, - A’ ;

1
IT,, - MaTpuna oOpaTHBIX BECOB M3MEPEHHBIX JJIEMEHTOB, &, =—,; K - BEeKTOp Koppenar

nn
P
pasMepomMm rl. HOHpaBKI/I B U3MCPCHUS BBIPAXKAIOTCA YCPE3 KOPPEJIAThI 110 (1)0pMyJIe
_ T
an - Hnn ' Arn ’ Krl .

[TpyMeHUM H3J0KEHHYIO TEOPHI0 KOPPEJaTHOro croco0a ypaBHMBAaHMS K ypaBHHUBAHHUIO
HUBEJIMPHOTO X0O/a.

Beca u3MepeHHBIX NMpPEBBILEHUN 4, ,h,,...,/, BBIYUCIAIOT MO JUIMHE CEKUMH p, = l—; JTa
i
(dopMyna nomaydaercs U3 CICIYIOUIMX PAcCyXAEHU: 3a OMMOKY €IUHMIBI Beca L, MPUMEM
OIIMOKY M3MEpPEHUs TMPEBBINICHHUS] HA MyTH B 1 KM U 0003HAYMM CPEIHIOI KBAJIPATHUECKYIO
OUIMOKY I-TOTO TPEBBILICHUS Yepe3 711, , TOTIa UMEEM OCIIeI0BATEIEHO
2 2
_ Hy Hy 1

j vomy=po Al p= =7
pz m[z IUO p ﬂgll Zl.




Wnorma 3a ommOKy eAMHUIBI Beca MPUHUMAIOT CPEAHIOI KBAJPATUYECKYIO OIIUOKY

C
U3MEPEHUS MPEBBIIEHUS Ha IyTH B C KUJIOMETPOB; TOrAa p, = T Ecmu nipussite C =1, TO

,-
B 3TOM CJIy4ae pa3juvus BECOB M3MEPEHHBIX MTPEBBINICHUNH OYAyT HAMMEHBITUMHU, YTO B TCOPUHU
YPaBHUBAaHMSI UTPAET MOJOKUTEIBHYIO POJIb.
B HHUBCIIMPHOM XOAE€ BCEIr0 OJHO YCIIOBUEC
(h+V)+(hy +V)) +.+ (0, +V,)-(H,, —H,,)=0,
KOTOPOE JINHEHHO OTHOCHUTEJIBHO MOIPABOK V;, IO3TOMY YCIIOBHOE ypaBHEHHE IOIPABOK OyAeT
Vi+V,+..+V +w =0;
HEBA3Ka w, IIOACYUTBHIBACTCA 11O (I)OpMYJ'Ie
W=D h =D Moy =y +hy ot by —(H,,, —H,,.).
Chavana BbIpa3suM OOpaTHBIC BECA YEPE3 JUIMHBI CEKIUH 77, =/, 1 [72'] = Zli =L.
3aTeM HaluIileM HOPMaJIbHOE ypaBHEHHE OJHOM KOppenaTsl U yuTEM, 4TO W, = f,,
[7z'~a~a]-k1 +f,=0,

oTKyna k, :—L :_ﬂ:_ﬁ, TaK Kak a;, =x1l,u V, =—&-11..
[7[ a- a] [ﬂ] L L
VpaBHEHHBIC 3HAYCHHS M3MEPEHHBIX NPEBBIICHAI BBIYHCISIEM 110 hopmyne h, ... =h, +V,,

3aTCM BBIYUCIISACM YPABHCHHBIC 3HAUYCHUA OTMETOK OIMPCACIIACMBIX PCIICPOB
H =H _ +h
[Tpu ypaBHuBaHuM HUBenupHoro xona lll kimacca cienyer ydyects, UTO B HEM NPEBBILICHUS

IO CCKIUAM HU3MCPAKOTCA ABAXKALI - B IIPAMOM U 06paTHOM HaIIpaBJICHUAX, IIOITOMY

1 :
- hoﬁp) ’

h.=—-(h
B 9TOH (h)OPMyJIE YUTEHO, YTO NPAMOE NPEBBILIEHAE /i, U OOPATHOE MPEBBILIEHUE /1,5, UMEIOT

i,ucnp *

2 np

MMPOTHUBOIIOJIOXKHBIC 3HAKH, a ITPU BBIYMCICHUN CPECAHCTIO MPCBBIIICHUA €MY IPUITUCBIBAIOT 3HAK
npsaMoOro IpEBBIIICHU. KpOMe TOTrO0, BBIYUCIIIIOT PACXOXKIACHUA MPIAMOIo U O6paTHOFO

npesbliiennit 8, = (h,, +4,;,) 1 CPABHUBAIOT MX C JIOMYCTUMBIMU 3HAYCHUSIMH

O oon = 10mMm\J1; .
Onenka TouHocTy HUBenUpHoOro xoza |l knacca BeimonHsercs o Gopmynam

a
P, = L m _l l =l d2 _mmt
ol 2 e 2 R,

m, = m, =
[TpuBeném BBIBOJ (hopMyIbl Beca ypaBHEHHOW OoTMeTkH perepa. OTMETKY perepa MOKHO
BBIYMCIIUTH JIBAX/bI: OT HAYaJIbHOI'O MCXOJHOIO perepa U OT KOHEYHOIO0 HCXOAHOIO perepa;
3aTeM U3 ATHX JBYX 3HAYEHMH CJIe/lyeT B3STh CpPEJHE-BECOBOE, BEC KOTOPOro OYAET paBeH CyMMe
BECOB JTHUX JIBYX OTMETOK.
Bec nepBoii 0OTMETKH BBIYUCIISIETCS TIO popMyIIe
1

T
1
B 3HAMCHATCJIC CTOUT PpAaCCTOAHUC OT HAUYAJIbHOT'O HCXOAHOT O pericpa A0 ONpCACIIsICMOro perepa.

Bec BTOpOi1 OTMETKH BBIUUCISACTCA 110 (hOpMyIIe
1

N

i+1

B 3HaMEHATEJIE CTOMT PACCTOSTHUE OT KOHEYHOT0 UCXOJAHOT0 pernepa A0 ONpeaesieMoro pemnepa.
Janee nuiiem



PR L T

O6pabotka HuBenupHoro xona Il kmacca BeIOTHSIETCS B CIIEIIMAIbHON BEJIOMOCTH, opma
KOTOpOH mpuBeeHa B “JlabopaTopHOM IPaKTUKyME™ 110 T€OC3UH.

O0paboTKa HUBEJIMPHOM CETH € OJTHOM Y3J10BOM TOUYKOM

B cBsA3M ¢ LIMPOKUM BHEIPEHUEM KOMIBIOTEPOB B IMPAKTUKY I€0JE€3NYECKUX BBIYUCICHUI
UcYe3Nia aKTyalbHOCTh "pYy4HBIX" CIIOCOOOB 0OOpabOTKM CIIOKHBIX HHUBEIUPHBIX CETCH, W B
HacTosflee BpeMs 00paboTka HUBENUpPHBIX cereil BeimonHserca Ha IIK mo mporpammam, B
KOTOPBIX peaan30BaHbl anropurmsl crpororo MHK-ypaBHuBanus.

W3 npumeHsieMbIX B NpPEKHHUE BpeMeHa '"pydHbIX" CIOCOOOB: - CIOCOO 3KBHBAJICHTHOM
3aMEHBI, CII0CO0 Y3JI0B, CIOCOO IMOJUTOHOB, - OCOOBIA TEOPETHUECKUH HWHTEpEC MPEICTaBISET
nepBbIH c1oco0, B KOTOPOM IyTE€M HECIIOKHBIX BBHIYUCICHUI HUBEITUPHAS CETh C HECKOJIbKUMU
Y3JI0BBIMU TOYKAMHU MOXET OBITH TpeoOpa3oBaHa B CE€Th C OJHOM Y3JIOBOW TOYKOW. B crmocobe
V3JI0B U CIOCOOE MOJUTOHOB YpaBHUBAHME BBIMOJHSIETCS METOJIOM MPHUONIMKEHHUI; 00a OHU
ObLTH pa3paboTaHbl PYCCKUM yU€HBIM reoie3ucToM B.B. TTomossiM.

HYCTL B peIICpe 1 CXOOATCSI N XOAO0B; IJIWHBI XOO0B 0003HaYUM ucpe3 li’ H3MCPCHHLIC

IpeBBIIIEHHs 0 HUM - 4yepe3 A, (puc.18). Otmerky penepa 1 MOXHO HOIy4uTh 1 pa3 (Ha
puc.18 n=4):

C

Pucynoxk 18 — Cxema HUBEIIUPHOM CETH C OJHOM Y3JI0BOM TOUKOH

H" =H, +h - u3l-roxona,
2

Hl( ) =H,+h, - u32-ro xoxa,

H?® =H_+h, - u33-ro xo1a,

H®Y =H,+h, - u34-ro xoa.

[lpu pasHoll [uMHE XOM0B [/, OWMOKM MPEBBIEHUH IO XOAaM TaKXkKe Pa3IHuHbl,

creoBarenbHo, otMeTkn  H|\” GymyT MOJNydeHBI ¢ pasHBIMM BECAMH, M JUISl BBIYUCIEHUS
cpeaHel oTMEeTKH penepa 1 Hy)KHO IPUMEHUTH (POPMYITy BECOBOT'O CPEAHETO

Hl(q,) — Z(pz hl)

ZP,- ’

. C
rae p, - Bec I-T0ro xoua; p, = T (C - xoHcraHnTa).

1
Iocne Boruucienns H(?) cerb pasnensercs Ha 4eThIPE H30JMPOBAHHBIX OJMHOYHBIX XO/Ia,
KKl U3 KOTOPBIX 00pabaThIBAE€TCS IO U3BECTHON METOUKE.

O0padoTKa HUBEJIMPHOM CETH MO CNOCO0Y IKBUBAJEHTHOM 3aMeHbI

HI[C?[ croco0a 3KBHUBAJECHTHOH 3aMEHBI 3aKJIIOYaeTCs B TOM, 4YTO ABa HHUBCIIHMPHBIX X014,
CXOIAIIMXCS B OJHOM TOYKEC, MOXXHO 3aMCHUTL OIHHWM 3KBUBAJICHTHBIM XOIAOM, BEC KOTOPOIO



paB€H CyMMC BCCOB COCTABJIAIOMNIUX Cro ABYX XOJ0B, W IMPCBBINICHUC IO KOTOPOMY PABHO
CpelHEe-BECOBOMY W3 NPEBBIIICHHH JABYX XOIOB. PaccMOTpMM  HUBETHpPHYIO — CETh,
n300pakeHHy10 Ha puc.19.

=

Pucynok 19 — Cxema HuUBenMpHOH cetn D
CHauvasa 3aMeHUM X0/1bI 1 1 2 0JTHUM SKBHBAJCHTHBIM X0/I0M z12, BEC KOTOPOTO paBeH
c C
Po=DitPy=7+-—.
Lo
JlHy xoma z12 BBIpa3uM depe3 JUTMHBI X008 1 u 2
_ ll 'lz
z12 = '
[ +1,
Otmetka perniepa 1, BbIUKCIIEHHAs 110 MPEBBILICHUAM X0A0B 1 U 2 niM u3 SKBUBAJIEHTHOIO
xona z12, Oyxet paBHa
(Hy+h)-p+(Hy+hy)-p,
Pt P
ITocne mepBo#t 3aMeHbI BUJ ceTH U3MeHUTCs (puc.20).

(z12) _
H=7 =

Zs5 |5

Pucynok 20 — Bua HUBENTUPHON CETH MOCIIE IEPBOM 3aMEHBI

Crnenyroumum 1marom Oyner "crmoskeHue" xoma z12 ¢ XoaoMm 3; SKBHBAJIECHTHBIA UM XOJ
o0o3HaunMm z123; ero anuHa Oyzaer
12123 = lzlz +l3 .
OtmeTka perepa 2, moiydeHHass U3 xoIoB 1, 2, 3 unm W3 3KBUBaJEHTHOTO xona z123,
Oynet paBHa
H52123) =H](z|2) +h3



Bec otmeTku periepa 2, moinydeHHON U3 SKBUBAJICHTHOTO Xoaa z123, Oyner paBeH
C

P = ] .
2123

Bun HuBenMpHOM ceTr mocie BTOPOi SKBUBAIIEHTHON 3aMeHbI H300paxkEH Ha puc.21.

Pucynok 21 — Cxema HUBETUPHOH CETH MTOCIIE BTOPOU 3aMEHbI

B ysnoBoii Touke - pemepe 2, - CXOAATCS TPHM XOJa, W JaibHeiimas oOpaboTka ceTH
BBIITOJIHACTCS 110 MECTOANKE O6pa60TKI/I HHBeHHpHOﬁ CCTHU C OﬂHOﬁ y3HOBOI>'I TOqKOﬁ, OIMUCAaHHOU
BBIILIE, TO €CTb,

C C
_ _ 5) _ 4) _ _
Ps _1_7 Py _1_1 H,”=H,+hs, H,” =H.+h,, PH2 =Pzt Pst Py
5 4

(z123) %) 4)
H, “PantHy -ps+H) - p,
Pyt Pst+ Py

H;C‘D) —

HOHpaBKI/I Vl B U3MCPCHHBIC MPCBBIMICHUS MTOJTYYAIOT IO CICAYIOMUM (I)OpMy_]'[aM
Vi= (Hécp) —H.)—hy; Vs = (ng) —Hp)=hs; V.= Hé‘p) —H;ZIB);

/ l [ l
_ z12 . _ 3. _ 2 . _ 1
Vle - Vz123' ) V3 - V2123 ) ) Vz - Vle ) ) Vl - Vzlz : ] :
z123 z123 z12 z12
OI_IGHKa TOYHOCTU ypaBHeHHOﬁ HPIBCJIPIpHOP'I CCTHU 3aKJIKOYACTCA B BBIYUCIICHUU CpCI[HCﬁ

KBaHpaTquCKOﬁ OIIIMOKHU CAUHUIBI BECa ([, cpezLHeﬁ KBaﬂpaTquCKOﬁ OIINOKH IMMPCBLIIICHUA Ha
OJUH KHJIIOMETp Xo4a m,, " OIIMOOK OTMETOK perepoB MHY
J

) 1
2 _pi’Vi ]
H n—t ’
2
mﬁw—ﬂ—1
C
[T
H, PH2

B stux dgopmynax: p,- Bec i-Toro xozaa; V- nmomnpaBka U3 ypaBHUBAHUS B IPEBBIIICHHUE IO i-

TOMY XOJNly; #- KOJMYECTBO XOJOB B CeTH (KOJMYECTBO M3MEPEHHBIX IPEBBILIEHUN); -
KOJIMYECTBO OIPEAEIAEMBIX penepoB B ceTH; C - KOHCTaHTa IpPU BBIYMCIECHUU BECOB, KaK

>

n

UroObl moONMyuuTh Bec pemepa 1, Hy)XKHO ypaBHATH CE€Th 3aHOBO, 3aMeHss Xoabl 4 u 5
SKBHUBAJIEHTHBIM XOJOM M 3aTeM ‘‘CKJIabIBas XOJ 3 W IMOJYyYECHHBIM SKBUBAJICHTHBIM XO1. B
pe3ysbTaTe TaKuX 3aMEH Y3JIOBBIM PENepoM, B KOTOPOM OYAYT CXOAMTHCS TPH XOAa, TOJDKEH
crath penep 1.

npasuio C = ; [,- nnuHa i-Toro xoxa; P, - Bec peniepa 2.



Jli1 HUBEHMPHBIX ceTell CI0XKHON (HopMbl pa3paboTaHbl METOJUKH SKBHUBAJICHTHON 3aMEHbI
“3Be3da - TPEYroJbHUK , “TPEyrojibHUK - 3Be3na” W apyrue. Kak ormedaercs B auTeparype,
TaKH€ 3aMEHbl UHTEPECHBI MPEXKIE BCETO C TEOPETUYECKOW TOUKHM 3PEHMSI, a MPAKTUYECKH OHU
OUYCHb T'POMO3JKH U HEYNOOHBI, a MOTOMY CIOCOO SKBHMBAJEHTHOW 3aMEHBbl PEKOMEHIYeTCs
OpUMEHATh A7 OO0pabOTKM WM Tpeapacyéra TOYHOCTH HEOONBIIMX 1O pa3MepaMm |
OTHOCHUTEJIBHO MPOCTBIX MO (hOpME HUBEIUPHBIX CETEH.

O0paboTKa HUBEJMPHOM CETH MO CIOCO0Y Y3J10B

PaccmoTpuM Ty e HMBEPHYIO ceThb (puc.18), B KOTOPOH MCXOAHBIMHM JJAHHBIMHU SBJISIOTCS
ormerku H ,H,,H.,H, penepos AB,C,D, usmepens! narb npessiienuit h,,h,,h;,h,,hs no
nATH XonaMm /, 2, 3, 4 u 5; onpenensieMbIMU JaHHBIMU SABISIOTCS oTMeTKH H |, H, penepos [ u 2.

WUnes cmnocoba 3akiouaercs B BBIYUCIEHUHM OTMETOK f|,H, 10 H3MEpEeHHBbIM

NPEBBIMICHUSIM, CXOIAIIMMCS B peniepax 1 u 2 COOTBETCTBEHHO

H _(HA +h)-p+(Hy+hy) p,+(H, —hy)- p;
1 ’

Pyt P, tPp;

_ (He+hy) py+(Hpy+hy) ps+(H +h) p,
P+ Pyt s

Bec Ka 1010 X0/1a I0ICYUTHIBAETCS 10 U3BECTHOM (POpMyIIe

H2

rae /.- anuHa Xxoja B KMIIOMeTpax, a C - cpefiHss JUIMHA X0/1a B CeTH (TOXKE B KMIIOMETPax).

HpI/I YpaBHHUBAHUHA CETHU 110 CHOCO6y Y3J10B yz[o6Hee ITIOJIB30BAaTbhCA HpI/IBeI[éHHBIMI/I B€CaMu

v Pi .
P p |
cymMMa IpHUBEAEHHBIX BECOB Ha OMPEIesieMOM penepe 1obkHa ObiTh paBHa 1,000.

[Mockonbky otmeTrkn H, u H, HEU3BECTHbI, TO B NEPBOM HpPUOIMKEHHUU OTMETKa H,
BBIYHUCIIAIETCS M0 HEMOJIHOM (popmyne — 6e3 TpeThero ciaaraeMoro B YMCIUTENe U 3HaMEeHaTele;
IpU BBIUMCICHUU OTMETKM /1, B NEepBOM NPUONMKEHUH OTMETKa [1, Oepércs u3 mepBoro
npubmkenus. [lpu  ganpHeMIIMX NpUOMIDKEHMSIX KaXIbld pa3  Oepércs mocieaHee
BBIUMCJIEHHOE 3HaY€HHUE TOU U APYroil OTMETOK.

[TpnbOnukeHns 3aKaH4YMBAIOTCA, KOTJa pazauure ooenx otMeTok /4, u H, B IOCIENHEM U
OpeArnocieHeM NpUOMIKEHUs X (B oO0IIeM ciydyae BCEeX ONpeAeNsieMbIX OTMETOK) He
IIPEBBILIAET OJIUH MUJUIUMETD.

OreHKa TOYHOCTHU B CIIOCO0O€ Y3JI0B 3aTpyAHEHA U3-3a TPYAHOCTEH MPH ONpEeeNIEeHUH BECOB
YPaBHEHHBIX OTMETOK ompezensieMbix pernepos. [lonpaBku B mepBoe U3MEPEHHOE MPEBBIIIEHUE

BbIUHUCIseTcs o gopmyne V, = H H ,, Bo BTOpOE — 1O hopmyne V, =H,  —H, u Tak

i

10p)
nanee. 3aTeM BBIYHCISETCS CPEAHsIsl KBalpaTHiyecKas OlMOKa eMHULBI Beca
pv’
n—t
Beca oTmeTOK ompenensieMbIXx penepoB MOKHO BbIUUCIUTH Mo ¢opmynam B.I1.Kosnona;
npuOJIMKEHHO BEC OTMETKH ONpEEIsieMOro pernepa paBeH CyMMe BECOB XOJOB, CXOJAIIUXCS B
HEM. @opmynsl B.I1.Ko3noBa mnpenmonaratroT BBIUHCIEHUE BECOB OTMETOK PENEPOB ABYMS
npubimkeHussMd. B mepBoM mpuONMKEHMHM Bec OTMETKH perepa paBeH CyMME BECOB
HUBEJIHMPHBIX XOJIOB, CXOSIIUXCS B JAHHOM pernepe MUHYC HECKOJIBKO TOIMPaBOYHBIX YJICHOB;
KOJIMYECTBO TAaKHMX YJIEHOB PaBHO KOJIMYECTBY HUBEIUPHBIX JMHHUM, CXOASIIMXCS B pemnepe, a
KaXKIbIH YIEH paBeH IpoOH, B UMCIHUTEE KOTOPOU CTOUT KBaJpaT Beca HUBEIUPHOH JIMHUM, a B
3HAMEHATEJNEe — CyMMa BECOB HUBEIUPHBIX JIMHUM, CXOASIIMXCS B PENEpEe Ha KOHIE JTAaHHOU
JIMHWH; €CJIU Ha KOHIIE JINHUU HaXOAUTCSA UCXOIHBIN pErep, TO JaHHBIM YWIEH PABEH HYIIIO.

p;
P;t Dyt Ps

lL[:

P,'=p +p,+p;—



2

Ps
Py TPyt Ds

Bo BropoM mnpuONMKeHWHM B 3HAMEHATENE KaXIOTO UWIEHAa BMECTO CYMMBI BECOB
HUBEIIMPHBIX JTMHUH HY)KHO TIOCTaBHTh BEC OTMETKH perepa B KOHIIC JIMHHH, MOJyYCHHBIH U3
MEPBOTrO MPHUOTMKECHUS.

Py,'= ps+ Pyt ps—

" p3
P = + + - ’
u —Pr TPyt D3 PHZ,
2
" p
Py "= py+ P+ ps—
P,

O0padoTKa HUBEJIUPHOI CeTH IO COCO0y MOJIUTOHOB

B cnoco0e monaMroHoB, HA3bIBAEMOM TaKXe CIIOCOOOM KpacHBIX YHCEJ, BBIIOJIHICTCS
MIOCJIEIOBATEIbHOE PACIPEICICHUE HEBA30K KaKIOr0 IOJWIOHAa MPONOPLHMOHAIBHO BecaM
HUBEJIMPHBIX XOJOB, BXOJAIIMX B IOJUIOH. OJTOT CIOCO0O0 COOTBETCTBYET PEIICHUIO
HOPMaJbHBIX YpaBHEHUN KoppelaT B KoppenaTHoM crocobe ypaBHuBaHuss MHK meromom
MOCJIEI0BATEIbHBIX MPUOIINKEHUI.

CHavaia HaMe4aroT 3aMKHYTbI€ IOJIMTOHBI, KOJUYECTBO KOTOPBIX IOJDKHO OBITH PaBHO
KOJINYECTBY M30BITOUYHBIX M3MEPEHUN B CETH; MPH HEOOXOAMMOCTH B TOJHUIOH BKJIIOYAIOT X0
MEXIY UCXOAHBIMH PETepaMH, MPEBbIIIEHUE 110 KOTOPOMY CUMTAETCSI UCTUHHBIM U HE MOJIy4YaeT
NONPAaBKY IPU YPaBHUBAHUU.

3areM 1 KaXXKA0I'0 IIOJHMI'OHA, BBIYMCIIAIOT BBICOTHBIC HCBA3KHU th IZI’I[ , IAC hi-

M3MEpPEHHbIE MPEBBILIEHUS 10 X0/1aM MOJINTOHA; 3HAKU IPEBBIILICHUN JOJKHBI COOTBETCTBOBATh

HAaIpPABJICHUIO, €AMHOMY JIJII BCE HUBEJIMPHOW CETH, HAlpUMEp, MO 4acoBOM crpeinke. Kpome

TOT0, 7Sl BCEX XOJOB MOJINTOHA MOACYUTHIBACTCS TaK Ha3bIBAEMbIE KPacHbBIE YKcIia Mo Gpopmyie

X, =[l—i]; [,- nnuHa Xona, [ll.]- MepUMETp MOJUTOHA (CymMMa JUIMH BCEX XOJOB IOJIUTOHA);
i

KpacHble yrcia Beraucisitores 10 0,001; cymMMa KpacHbBIX 4ncen B MOJIMIOHE JOJKHA ObITh paBHA

1,000.

B kaxaoM NOJIMTroHEe CTPOAT KOJOHKU: OAHY — JJIs 3alUCH IEPBUYHON HEBS3KU H
MPUBEIEHHBIX HEBSI30K; M HECKOJBKO KOJOHOK IO YHCIY XOJOB IMOJHMIOHAa — JJIsl 3alHCH
MONPABOK; 3TH KOJIOHKM DPACIONIaraloT 3a IMpe/eiaMH MOJIMIoOHa OKOJO KaXKIAOW €ro CTOPOHBI
(puc.22). Ha 3ToM puCyHKE CeThb COCTOUT M3 TPEX HMCXOIHBIX PErepoB, BOCBMH HUBEITUPHBIX
XOJIOB U TPEX ONpeneNseMbIX penepoB. KonnuecTBo MoJuroHoB paBHo 7 =8—3=15. B nepsom
MOJINTOHE KOJIOHKA HEBSI30K 0003HaueHa pUMCKOU 1udpoit |; mias Tpéx X0A0B MOJIUTOHA 32 €r0
npeenamMu MOCTPOCHbI TPU KOJIOHKH TOMPABOK; BCe OHM 00O3Ha4deHbl apabckoit mudpoit 1.
AHaJIOTUYHBIE TTOCTPOSHUS BBITIOJIHEHBI U JIJI1 OCTAIBHBIX YETHIPEX MOJTUTOHOB.

O0xo1 TOJMIOHOB HAUMHAIOT C TMOJHWIOHA, HEBSA3KA B KOTOPOM HMeEeT HauOoJbliee
3HaUYe€HHWE, Hampumep, ¢ mnoimroHa |; HeBs3ka sToro monurona (-60MMm) pacmpenensercs
MPOMOPIUOHATEHO KpacHBIM 4uciaM Tpéx ero xomoB (0,250; 0,350; 0,400) u 3anmuckiBaeTcs B
MUJJIMMETPAaX B KOJIOHKM ¢ oOo3HaueHueM 1. 3areM mepexoAsT KO BTOPOMY IIOJIMIOHY;
MOJCUMUTHIBACTCA €ro NpPHUBEIAEHHAs HEBS3Ka, paBHAs IEPBUYHOM HEBSI3KE M TMOMPABKH,
MOCTYNUBIIEH B MOJUIOH OT HEBA3KU mepBoro monurona (+45mm — 2Imm = +24mm). Ota
npuBenEHHAs HeBs3ka (+24MM) pacnpernensercs B JABa XOJa W 3aIllUCBIBAETCA B KOJIOHKU
MOTPABOK ¢ 0003HaueHHeM 2. JlambHeHTIIe qeHCTBHUS BBITOJHSIOT 110 TOH JK€ METOTUKE.

BrimonuuB mepBblii 00X0J, MPHUCTYMAIOT KO BTOPOMY OOXOJy, B KOTOPOM MpPUBEIEHHBIC
HEBS3KU MOJICUYMTHIBAIOTCA KaK CyMMbl MOMPABOK, MOCTYNUBIIMX B MOJMIOH MPHU MOCIEAHEM
pacnpeneneHud HeBsi30K. Kak TONbKO NpHUBEAEHHBIE HEBS3KM BO BCEX IMOJMIOHAX CTAHYT
paBHBIMHU HYJIIO, IPOLIECC 00X0/a 3aKaHYUBAETCS.



Pucynok 22 — Cxema ypaBHHBaHUS HUBEIUPHOI CETH MO CIIOCOOY MOJUTOHOB

[TonpaBka B M3MEPEHHOE MPEBBINIEHUE MO XOAY, BXOSIIEMY TOJIBKO B OJUH IOJMIOH,
paBHa CyMMe€ IIONPAaBOK B KOJIOHKE JAHHOTO XOZA; 3HAK IOMNPAaBKH 3aBUCUT OT HAIPABIICHUS
X0J1a ¥ HaIlpaBJICHUS MPU BBIYMCICHUHN HEBSA30K: MPU COBIAJCHUM HANpPaBICHUH 3HAK MOMpPaBKU
OJIMHAKOB CO 3HAKOM CYMMBbI, IIPH MPOTUBOMOJIOKHBIX HANpPaBICHUAX 3HAK IMOMpPAaBKH 0OpaTeH
3HAaKy CyMMBI.

[TorpaBka B M3MEpEHHOE MPEBBILICHUE IO CMEKHOMY X0y (BXOJIIEMY B J1Ba MOJMIOHA)
paBHa Pa3HOCTU CYMM IONPABOK B JIBYX KOJOHKAaX; 3HAK IONPABKHU OINpPEAEISETCS 10 TOMY K€
IIPaBHJIy HaIlPaBJICHUH.

[Tocne BbIYMCIEHUS TMONPABOK B M3MEPEHHbIE MPEBBIIICHHUS 3alOJHSIOT TaOIUIly
BBIYUCIICHUS] OTMETOK PENePOB, BEIUUCIISIOT CPEAHIOI KBAAPATUUECKYIO OIIUOKY €IMHUIIBI Beca,
BECa ypaBHEHHBIX OTMETOK PENepoB U UX CpeAHME KBaapaTHueckue omuOku. Beca oTrmeTok
perepoB MOXHO BBIYHCIUTb, Kak U B criocoOe y3i10B, no Gopmynam B.I1.Koznosa.

O0padoTka HUBEJUPHOI ceTH MapaMeTpuyeckum cnnocooom MHK

B mapamerpudeckom cnocooe MHK-ypaBHEeHMsI TpUHSITHI ceayrone 0003HAYCHHUS:
L,L,,...,L, - n3MepeHHbIE BEIUYHHBI (IIPEBBIIICHUS) C BECAMU COOTBETCTBEHHO D, Dyseees P,y
KOJINYECTBO U3MEPEHHBIX MPEBBIIICHUI PaBHO 7 ;

Y,,Y,,....Y - ypaBHEHHbIE 3HaUECHUSI IPEBBILLICHUN;

n

V.,V,,...,V, - NolnpaBKM U3 ypaBHUBaHUS K W3MEPEHHBIM IPEBBILICHUSIM; CBSI3b ypaBHEHHBIX

n
NPEBBIILICHH, TIOMPABOK B U3MEPEHHS U U3MEPEHHBIX MPEBHIIIEHUH BhIpaxaeTcs: popMyIioit
Y, =L +V;;



X,,X,,...,X,- onpenensemMble HEU3BECTHbIE (OTMETKU pPENEPOB); MX KOJIMYECTBO PABHO f,

npu4eEM n >t .
Jlanee BBIpaKaroT ypaBHEHHBIE 3HAYCHH NTPEBBIICHNI B BUJIE QYHKIMIA OT ONpeIeIieMbIX
HeusBecTHBIX Y, = f,(X|,X,,..,X,) H BBOAAT TOHATHE NPHOIMKEHHBIE 3HAYCHMs

ONPEAEISEMBIX HEU3BECTHBIX X 10 , X f . ¢ to ; IPUONMKEHHBIE 3HAYEHUS HEU3BECTHBIX MOXKHO

a00 BBIYUCIUTH KAKUM-THOO CIOCOOOM, JIMOO TPHHSITH MPOU3BOJIBHBIMH, HO TaK, YTOOBI
OTJIMYHME NPUOIMKEHHBIX M YPAaBHCHHBIX 3HAYCHHH HEW3BECTHBIX pa3IUYaIUCh Ha MaJble

BeIMYMHBl OX . 3HA4YeHHs HEM3BECTHBIX MPEICTABISAIOT B BUIe cyMMbl X, =X +38X, u

1

packianbBaloT (yHKuuM f, B psap Teislopa OTHOCUTENBHO IONPABOK OX , OrpaHUUYMBAACH
YJIeHaMU NIEpBOro Mnopsaaka MaiocTu. llomydeHHble TakuM 00pa3oM ypaBHEHHS! Ha3bIBarOTCS
napaMeTpUuecKUM YPaBHEHUSIMHU MOMPABOK

a,-0X,+b, -0X, +..+t,- X -t+1 =V,.
B sroit popmyne OyxBamu a,,b,,...,t; 0003HAYEHBI YACTHBIC MIPOM3BOJAHBIE (QYHKLIUH [, IO
olpesieNsieMbIM HEU3BeCTHBIM X, X,,...,X,. CBoOonHbIil wieH [, moiydaercs mo Qopmyie
I =f(X), X2, X))~ L. ®yakuus F = [p . V-V] = min NpeJCTaBIAeTCs B BUIE

2 2 2
F=p -Vi+p, Vy+.+p, -V,

n

U IS BBIMOJIHEHHS YCJIOBUS MHHMMYyMa (YHKIMHM TNPUPABHUBAIOT HYJIIO 7 €€ YacTHBIX
IIPOU3BOJHBIX 110 V..

1

Ha crnemyromem »stame cOCTaBISIOT / HOPMAJIbHBIX YpPaBHEHUH C [ mapamMeTpamu —
MOMPaBKaMH K TPHOIMKEHHBIM 3HAYCHHUSIM HEH3BECTHBIX. V3 pemieHus CUCTEMBl HOPMaTbHBIX
ypaBHeHwii (110 cxeme ["aycca, METOIOM KBaJpaTHBIX KOPHEH HIIM IMyTEM OOpAIleHUs] MATPHUIIBI
KO3 (UIIMEHTOB) HAXOAAT MOMPaBKU OX K MPUOMMKEHHBIM 3HAuUCHUSM Heu3BecTHHIX. Jlanee
BBIUMCIISIIOT yYpaBHEHHBIC 3HAYCHHS HEM3BECTHBIX X , TIONMPABKH B HM3MEPEHUS, YpPaBHCHHBIC
3HAYCHHUs M3MEPCHHBIX AJICMECHTOB M BBIMOJHSIOT OLIEHKY TOYHOCTH. [IpH OllEHKE TOYHOCTH
BBIUMCIISIOT ONTUOKY AMHHIIBI BEca

-V’
n—t
n CpaBHI/IBaIOT eé C HpOGKTHBIM 3HAYCHHUECM OIJ_II/I6KI/I CIANHHUIBI BECa /JO; 3aTEM JIA JIIO6OFO

)L[:

napameTpa reoac3ndcCKOoro IOCTPOCHUA BBIYUCIIAAKOT BEC P u CPCAHIOO KBaAPATUYCCKYHO

1

OIJ_II/I6Ky YPaBHCHHOTI'O 3HAYCHUS 3TOI'O MapaMeTpa

B HuBeNMpPHBIX CETSIX 3HAUEHUS BCEX YACTHBIX MPOU3BOAHBIX U3MEPEHUI paBHBI MO0 IIIOC
eANHMILIe, TU00 MUHYC €IUHUIIE, TUO0 HYII0, TaK KaK MPEBBIIIEHUE [0 JUHUM PABHO PAa3HOCTH
OTMETOK PEIIEPOB B KOHIIE TUHUU U B €€ HaYalle

h.=H,, —H,,;
€CIM OJWH W3 DPENEepOB — HAYaJbHBIA WM KOHEUHBIM, - SBISIETCS WCXOJHBIM, TO 4YacTHas
IIPOU3BOJHAS II0 €r0 OTMETKE PaBHA HYIIO. YPaBHEHHUs IIONPABOK COJAEpXKAT B JIEBOM YacCTH
BCEro JBa 4jeHa (WIM OJUH YIEH) C HEU3BECTHBIMM IIONPAaBKAMHU B OTMETKH pENEpPOB.
[TpubnnxEHHBIE 3HAYEHHUS OTMETOK BBIYHMCISAIOT OOBIYHO MO H3MEPEHHBIM MPEBBILICHUSM,
HauMHasg OT HCXOJHBIX pENepoB, IOITOMY 4YacTb CBOOOJHBIX YJICHOB MapaMeTpPUYECKUX
yYpaBHEHMI MOMPABOK OYAYT paBHBI HYIIO.

B MaTtpuuHoii 3anucu napamerpudeckuii cnoco6 MHK-ypaBHuBaHuS nMeeT BUJ

- IapaMeTpU4YECKUE ypaBHeHMs mompaBok A, -AX,+L, =V, ;

n

- HOpMallbHbIE YPaBHEHUS MapameTpoB-nonpaBok N, -AX, +B,, =0,;

. T .
- MaTpuua ko3 (HLIUEHTOB HOPMAIIbHBIX ypaBHeHud N, =A,, - P, - A,,;

nn

- BEKTOp CBOOOJHBIX WICHOB HOPMAJIbHbIX ypaBHeHU B, = A, P, -L,;

o -1
- BEKTOp IOIPABOK K NPUOIMKEHHBIM 3HAUEHUSIM Heu3BeCcTHbIX AX,, =-N, -B,.

B stux dhopmynax:



L - BEKTOp CBOOOJHBIX UJCHOB TMAapaMETPHUUYECKUX YpaBHEHHH  IONpPABOK,

nl
l.=fi(X,,X,,...X,)—L,;

P - nnaroHanmpHas MaTpuia BECOB U3MEPEHMUI;

nn

A, - marpuna K03 QUIueHTOB mapaMeTpUYeCcKIX ypaBHEHUH MOMPAaBOK pa3MEpOM 71

nt

CTPOK U f CTOJIOIIOB.
V| - BEKTOp MOIMPABOK B Pe3yJIbTaThl U3MEPEHU.

nl
IIpoexTupoBanue Huseauposanus |11 kiaacca

[lepen cocraBneHHEM TMpOEKTa Ha HHUBEIMPOBAHHME JIOOOTO Kilacca COOHMpAIOT W
aHAJIM3UPYIOT BCE MaTepuajbl paHee BBINOJHEHHBIX HUBEIMPOBOK HA TEPPUTOPUHU
NPOCKTHPYEMBIX paboT. CBepeHuss 00 3TUX paboTax MOKHO NOJIYYUTh B TEPPUTOPHAIBHBIX
uHcnekuusax ['ocreonanzopa.

[TpoexT cocTaBisieTcsi B COOTBETCTBHH ¢ TpeboBaHMsIMU VHCTPYKIIMU 110 HUBETHMPOBAHUIO U,
eciu HuBenupoBanue |l kmacca mpoextupyercs s obecriedeHus: TOMOrpapuIecKux ChEMOK
macmTaba 1:5000 u kxpymHee, TO HY)XHO y4YUTHIBaTh emé W TpeOoBanus MHCTpyKIuM 1O
TONOTPapUUECKUM ChEMKAM.

[TpoexTrpoBaHre BHIMOJIHSIOT Ha Tomorpaduyueckux kaprax macmrabda 1:100 000 — 1:200
000 ; B ciayyae HEOOXOJUMOCTH MPOEKT YTOUHSIOT B JETalsX Ha Kaprax Oosee KpyHmHBIX
MacitaboB. Ha kapTy Hy»KHO HAHECTU BCE BBIIIOJIHEHHbIE paHee padOThI 110 HUBEIUPOBAHUIO, a
TaKXe BCE MNYHKThI TPHAHTYJISILIMY U HOJMTOHOMETPHM; HAHOCAT TAK)Ke MPOCKTHUPYEMBbIE ITYHKThI
TPUAHTYJSILUU U TONUroHoMeTpuu. B mmoOom ciiydae npoexktupoBaHue Huenuponanus ||
KJ1acca MPOU3BOJAUTCA B IpeiesiaX NOJIMIroHOB HUBenUpoBanus |l kmacca.

KenarenpHo  coBMellaThb ~ NPOEKTUPYEMbIE JUHUM  HUBEJIUPOBAHUS C  XOJaMHU
HOJIMTOHOMETPHH, IPOKIIABIBAEMBIMU C LIEJIBIO PA3BUTHS U CTYLIEHUS I'€01€3UUECKUX CeTEH.

Haubonee moapoOHO pa3pabaThIBAlOT MPOEKTHI CBSI3M HOBBIX JIMHUM HUBEIUPOBAHUS C
CYIIECTBYIOIIMMH JMHUSAMH. Hauano u KOHeI MpOeKTUPYeMOH JIMHUK JOJDKHBI OBITh MPOCTO U
Ha/&KHO CBSA3aHbl C CYLIECTBYIOIIMMHU JMHMSAMHU Oojiee BBICOKOIO WM TOrO K€ Kiacca.
[TpoexkTupyeMass JTUHHUS JAOKHA OBITh HAJEKHO CBSI3aHA C IEPECEKAEMbIMU €10 JIMHUSAMU
HUBEJIMPOBaHUs Bcex KiaccoB. CBsa3p mpoektupyembix mauHuii Il u 1Y xmaccoB ¢
cymectByrommmu Juausimu |, 11, 11, 1Y kiaccoB ocymectBisiercs myTéM BKIFOYEHHUS B X0
OJIHOTO perepa CyIIeCTBYIOLIEH JTUHUY.

Ha xaxnp1ii 00pazyemblil y3en CBA3M JUHUI HUBEIUPOBAHUS COCTABIISIIOT OCOOYIO CXEMY B
JIOCTAaTOYHO KPYMHOM MaciuTade, Ha KOTOpPOM MOKAa3bIBAalOT HAIPABJICHUS BCEX CBA3BIBAEMBIX
JIMHUM U CYLIECTBYIOIINE PETEPhl, NOJIeKAINE BKIOYEHNUIO B IPOSKTUPYEMYIO JIHHHUIO.

B cooTBeTCTBMM C KOHKPETHBIMM KJIMMAaTHYECKUMH M TOYBEHHBIMM YCJIOBUSMH paiioHa
paboT u3 coopHuKa “TUIbl HEHTPOB” BHIOMPAIOT KOHCTPYKIIUHU PENEPOB MPOESKTUPYEMBIX JTUHUH.

HusenupoBaHue uyepe3 BOAHBIE MPEMATCTBUS MPOEKTUPYIOT B HauOojiee Y3KMX MeECTax C
UCIIOJIb30BaHUEM MeJiell U ocTpoBoB. Eciiv mmpuHa BOJHOTO MHpemsTcTBUsA mpesbiiiaer 150
METpOB, TO Ha 00oUX Oeperax MmpeaycMaTpUBAIOT 3aKJIaIKy PENepoB — MO OAHOMY Ha KaKJOM
Oepery. Kaxaplii perep mo BO3MOXKHOCTH HaMeyalOT B HE3aTOIUIIEMOIl 30HE; INpEBbIIICHUE
MEXy ATUMU penepamMu He J0JDKHO ObITh Oombiue 0,5 M.

[Tpu IpOEKTHPOBAHNH BBICOTHOW OCHOBBI MOPCKMX YPOBEHHBIX U OCHOBHBIX PEUHBIX ITOCTOB
clieflyeT MOMHUTBH, YTO YPOBEHHBIH MOCT JOJDKEH OBbITh 00OpYJOBaH HE MEHEee, YeM Tpems
perniepaMu: IByMsI OCHOBHBIMH (OAMH U3 HUX (PyHAaMEHTaIbHBIN) U 0THUM pabounM. OCHOBHBIE
perepsl CIIyXaT JJIsl TPOBEPKH MOJI0KEHUs padouero penepa u Juid 3aKperyieHns Hys nocra. B
KayeCTBE OCHOBHBIX PEINEpPOB HCIOIb3YIOT PENephl, Haxolsdlluecss He Jajee 3 KM OT MOcCTa.
Paboumii perep, mpeaHa3HAYEHHBIM I CHUCTEMAaTHYECKOTO0 KOHTPOJIHHOTO HHUBETUPOBAHUSA
M3MEPUTENIbHBIX YCTPOICTB, pacloyiaraloT B HEMOCPEICTBEHHOM OJIM30CTH OT 3TUX YCTPOUCTB U
BHE 30HBI 3aTOMJICHHUS BEICOKUMH BOJAMHU.

HusenupoBanue yepe3 BoAHbIE NMPENATCTBUSA WHUPHUHON 10 200 M BBIIOJIHSIOT 1O OOBIYHON
METOAMKE IBYMs MpHEMaMHU C COOJIOJACHUWEM pPAaBEHCTBA PACcCTOSHUN A0 3aHEeH U mepenHei
peek. Mexay npuémMamMu H3MEHSIOT BBICOTY HuBenupa Ha (3 — 5) cm. Pacxoxnenue
IpeBbILIEHUH Mexay npuéMamu agonyckaercs 4 mm a1 |l xnacca n 7 mm i 1Y kiacca.

[Ipu mupune npensarctBus (200 — 400) M HHUBEIMPOBAHUE BBHITIOJHSAIOT HUBEIHUPOM C
TUIOCKOMAPAUIETTFHOM TUTACTUHKOM CITOCOOOM COBMEIICHHH; MPH STOM MPUMEHSIOT 0COObIe



IIUTKY Ha perKy. IIuTOK JOMKEH MMETh JBa LITPUXA, PACIOJIOKEHUE KOTOPBIX ONPEAEIAETCS
U3 CIIEUAIBbHBIX UCCIIEIOBaHMM, U ®KECTKO KPEUTHCS Ha peiike.

[lepenauy BBICOTHI BBIOMHSIOT ABE OpHUraabl ¢ JBYX OeperoBp mo JBYyM CTBOpaM C
MCIIOJIb30BaHUEM JIBYX HUBEJIHMPOB U JIBYX KOMIUIEKTOB MHBApHbBIX peek. [Ipu aTux usmepeHusx
JIOJDKEH MPUCYTCTBOBATh HAYAJbHUK MAPTUU U TVIABHBIA MHKEHEP WM HAYaJbHUK SKCIICAUIIUH.
Pacxoxaenne Mexay MpeBbIICHUSIMU, U3MEPEHHBIMH Pa3HBIMU HaONIOJATEISIMU MO Pa3HBIM
CTBOpaM, He JIOJKHO IpeBbimath S mm i |l knacca HuBenupoBanus.

N3mepenne mpeBbIICHUH dYepe3 npensaTcTBUe ImupuHOW Oosiee 400 M BBITOJHSIOT
CIIOCOOOM IMOJBM)KHOM MapKH, OJHAKO, JIydlle BCEro JAeNaTh TakKylk Ieperady BbICOTHI
npudopamu 1 1o Mmetoauke |l kacca HUBeTMpoBaHUSI.

WHorga B MCKIIIOUUTENBHBIX citydasx HuBenuposanue Il u 1Y knaccoB uepes npensrcrBus
BBITMOJIHSIOT 1O JIbY, COOJI0/1asl CIIeyIOIINe IPpaBuIa;

- XOJ BBIOMPAIOT MO0 Hanbosee KOPOTKOMY IyTH U BBITOJHSIOT H3MEPEHHS B KpaTyauime

CPOKH (3a OJIUH JICHB);

- Ha oboux Oeperax 3a01aroBpeMEeHHO 3aKJIa/IBIBAIOT M0 OJHOMY IIOCTOSTHHOMY PETiepy;

- mepea HavauoMm pabOThl OUMIIAIOT Tpaccy OT CHera M B MeCTaX YCTaHOBKH peeK
IIPOOMBAIOT BO JIbJYy OTBEPCTHUS U BMOPA)XKMBAIOT B HUX JEPEBSIHHbIE KOJIbs JUIMHOH (20 —
30) cM ¢ BOUTBIMH B X TOPIIBI TBO3ASAMHU CO CHepHUCSCKON MUISAIIKOM;

- HMBEJIMPOBAHHUE IO JIbJly BBIIOJHSAIOT JBa pa3a B MPSMOM XOJI€ U [1Ba pa3a B 00paTHOM
X0[Ie;

- HUBEJIMPOBATh HY)XHO B IE€PHOJbl HAMMEHBIINUX CYTOYHBIX KOJI€OAHMI ypOBHS JbAa U
UCIIOJIb30BATh PE3yJIbTaThl HAOIIOJEHUI METEOTIOCTOB U BOJOIIOCTOB;

- BO BpeMs HUBEJIUPOBAaHUS HYKHO HaOJII0JaTh 3a JBMKEHHUEM JIbJia 10 OTAEIbHON pelike,
BMOpPOKEHHON B 1€ Ha paccrosHud 50 M oT Oepera, U B pe3yibTaTbl H3MEPEHUS
IPEBBILIEHUI BBOJUTH MONPABKYU 32 ABUKEHUE JIbJIA.

Ilouck FPY6I>IX OIIHOOK I/I3MepeHI/II71 B HUBCJIMPHBIX CETHAX

[TonsiTue “rpy6as omuOka M3MepeHUs” BBOJUTCS Ha HAYaJIbHOM 3Talle U3y4eHHUS TEOpUu
OIMOOK M TEOPHUH MaTeMaTH4ecKoi o0paOoTKH reoie3nueckux (M WHBIX) u3MepeHuil. Ilox
rpyooli oOmuOKOM MOHMMAIOT cioy4yailHyl0 OmMOKY H3MEpEeHUs, KOTopas IO CBOEMY
a0COIIOTHOMY 3HAUEHUIO IPEBBIIIAET YCTAHOBJICHHBIN Ul CIIy4alHbBIX OLIMOOK JOIMYCK f-m,
I7e m -CpeHss KBaJpaTUuyecKas olnOKa OJTHOTO U3MEpEeHus, ¢ - KOA(Q(OULIUEHT 10BEPUTEIHHON
BEPOSTHOCTH, MPUHUMAaeMbIii paBHBIM 00 ¢ =3,0 (c BeposTHOCTBIO 99,7%), b0 #=2,5(c

BeposATHOCThIO 98,8%), mbo ¢=2,0 (c BepostHOCThIO 95,4%). IIpomeHT BEpOSATHOCTH

03HAyYaeT, 4YTO MMEHHO C TaKOW BEPOSTHOCTHIO M3MEPEHHOE HJIM BBIUMCIEHHOE 3HaueHue X
KaKoW-1100 BENTMYMHBI HAXOAUTCSA B UHTepBajie oT (X —¢-m) no (X +¢-m). Ilouck rpyOsix

OmMOOK W3MEPEHWH Ha TPAKTHUKE OCIOXKHIETCS TeM, YTO WCTHHHBIC 3HAYCHHS CIyYalHBIX
OLIMOOK HEW3BECTHBI, M, €CIU CpPelu CIy4alHbIX OMIMOOK ecTh rpyOble OIIMOKH, TO 00 3TOM
MOYKHO y3HATh TOJIBKO IO KOCBEHHBIM MpH3HaKaM. K TakuM nmpu3HaKaM MOXXHO OTHECTH:

- HEJOMYCTHMMO OOJIbIIOE 3HAYEHHE OJHOM MM 0ojee HEBS30K YCIOBHBIX ypaBHEHMH

CBSI3U TIPU KOPPETATHOM CIIOc0o0e YpaBHUBaHUS;

- HEJOMYCTHMMO OO0JbIlIOE€ 3Hau€HHE CBOOOJHBIX UIEHOB MpPHU PEKYPPEHTHOM cIlocode

ypaBHUBAHWSI,

- HecoM3MepuMo OOJpIIM€ IO CPAaBHEHUIO C TOYHOCTBIO W3MEPEHHUH TMOIpPaBKH,

MOJTy9YCHHBIC TP YPAaBHUBAHUH T€0IE3NIECKOTO TIOCTPOCHUS;
- yBENMYEHHUE CpeAHEH KBaJpaTUYeCKON OIIMOKM eIUHHIBI TOCiEe ypaBHUBAHUS 10
CPaBHEHUIO C €€ IIPOECKTHBIM 3HAYECHUEM.

B peanbHOM reonie3nd4eckoM IMOCTPOECHUHU TpyOas omMOKa MOKET JTUOO0 MaCKHPOBATHCS
(ocnabnarbesi) Ha (poHE OCTaTBHBIX CIYYaHBIX OMIMOOK, MO0, HA0OOPOT, JEMACKHUPOBATHCS
(ycunuBartbes).

B mmpoxom cmeicne npobiaema 60ps0bl ¢ rpyObIMU OIIMOKAMU paciaiaeTcss Ha HECKOJIBKO
OTJENBHBIX 3a/1a4:

- YCTaHOBWUTb, €CTh JIU B JAHHOM T'€OJIE3MNYECKOM MOCTPOEHUU TPYyObIe OMHMOKH BOOOIIIE

(omHa wim Oonee), wnu ux Her. Ecnu rpyOble ommMOKM cecTh, TO CIEAyeT pellaTh
CJIEAYIOIINE 3aa4H;



- ONpeneNHuTh KOHKPETHBIE U3MEPEHHs], B KOTOPBIX UMEIOTCS IpyOble OMIMOKH — TO €CTh,
JIOKAJIN30BaTh IMOJIOKEHHUE IPYObIX OLUIMOOK C TOYHOCTBIO O OJHOTO M3MEPEHUSs; eCIH
3TO HEBO3MOXKHO, TO CJIEAYET MONBITAThCS JIOKATU30BATh MOJIOKEHHE IPYObIX OMNOOK ¢
TOYHOCTBIO 10 HEOOJIBIIION TPYIIITBI U3MEPEHUI;

- OILIGHUTH 3HAYECHHS I'PYOBIX OMIMOOK U3MEPEHUH;

- NPUHATH MEPHI K OCJIA0JICHUIO WM TMOJIHOMY YCTPAHEHUIO BIUSHUS TPyObIX OIIHOOK
U3MEPEHUI Ha pe3yNbTaThl YPaBHUBAHUS TAHHOTO T€0JIE3NYECKOTO IIOCTPOCHUSI.

K nHacrosimemy BpemMeHH pa3padOTaHO JOCTATOYHO MHOT'O METOJUK MO OOHapyKEHUIO U
yué€Ty rpyObIX OIIMOOK M3MEpPEHHUH; HEKOTOpBIE M3 HUX O0a3MpYIOTCS HA CTAHAAPTHOM TEOpHUU
00paboTKK U3MEPEHUH, APYTUe - UCIONb3YIOT CIOXKHBIEC Pa3Jesibl MATEMATHKHU C MPUBJICUCHUEM
IPOM3BOJIFHO HA3HAYAaEMbIX IapamMeTpoB. BTOpyio TIpymiy COCTaBISIOT Tak Ha3bIBaeMble
“pobacTHble MeTOABI O00pabOTKM u3MepeHui”. B  OOJBIMIMHCTBE pPOOACTHBIX METOIHMK
YpaBHUBAHHE BBIMOMHACTCS LMKIAMH; PE3YyJIbTaThl OYEPENHOrO IIMKJIA AaHAIU3HPYIOTCS, W
MOMPABKU B HM3MEPEHUS] COPTUPYIOTCS IO MX BEJIMYMHE; 3aTeM JUIsl 4acTH HU3MEpEeHUui Beca
NEPECUNTHIBAIOTCS, U YPAaBHUBAHHUE BBIMOIHACTCS BHOBb. LIMKJIBI TOBTOPSIOTCS O TEX IOD,
MOKa BCE MOMPABKH B U3MEPEHHs OyIyT yIOBJIETBOPATH YCIOBHUIO, COAEpIKAIIEMY TOT CaMbIii
NPOM3BOJILHO HAa3HAUEHHBIH MapaMeTp.

Bce pobactHbie METOABI SBISIOTCS pealu3alueld NpuHIUna oOpaTHOM CBsI3U, cXema
KOTOpOro u3o0paxkeHa Ha puc.23. TpaaunMOHHBIA TyTh TMOJXy4eHUS ©  00paboTKh
reoje3ndeckoit uadopmaruu — 310 1 — 2 — 3 — 4 — 1 (4epe3 MOBTOPHBIC U3MEPEHUS, €CIIU B CETH
oOHapy>KeHbI TpyOble OMMOKN M3MepeHuit). [IpuHimn oOpaTHON CBSI3M MpEINoNaraeT APYroi
MapuipyT 1 —2 — 3 — 4 — 5 — 2. [lo UHCTpyKIIMU U3MEHITH pe3yabTaThl U3MEPEHUN 0e3 hxX
MOBTOPEHUS 3aIPEIICHO; TOATOMY OCTAa€TCs OAMH BBIXOJ — HM3MEHATh Beca u3MepeHuil. Ilo
CYIIECTBY Beca WJIM OLUIMOKU M3MEPEeHMI Ha3HA4YalOTCs alpUOPHO HA OCHOBE OIBITA MOJAOOHBIX
U3MEPEHU B mpouuioM. I103ToMy KOppeKTHpOBKa BECOB M3MEPEHUH SIBIISIETCS JIOTHYECKU
000OCHOBAaHHBIM pELICHUEM 3a7aud YPaBHHMBAHHS T€0JE€3MYECKHX H3MEpPEHUH, COJepKaIInx
rpyObIe OMIMOKH.

[TpumeHneHne poOaCTHBIX METOIOB B T'€0/I€3MH MHOTHE BEylue yYEHbIe HE PEKOMEHIYIOT.

1 2 3
Bxonnnie Bbiok Brixognrie
JTAHHbIE 00paboTku JTaHHbIE

A
5

bnokx m3MeneHusa
BXOJHBIX JaHHBIX

4

bnokx anamusza
BBIXOJHBIX JaHHBIX

[ToBTOpHEIE
U3MEpPEHUS

6
KOHEII

Pucynok 23 - Cxema npuHuumna oopatHoil cBsi3u o0paboTKu MHPOpMaAUU

Jns moucka rpyObIx OHIMOOK B HHUBEIHMPHBIX CETAX Haubojiee MPOCTO M JOCTYITHO
BBIUNCJIUTh BBICOTHBIE HEBSI3KM BCEX IOJUIOHOB, BBIMKMCATH UX HA CXEMY CETH U BBINOJIHUTH
BU3YaJIbHBI aHaNU3 HeBsA30K. Hamuume B ABYX COCEIHUX IOJUMIOHAX OONBIIMX HEBS30K C
IPOTHBOIOJIOXKHBIMHU 3HAKAMU CBHUJIETEIILCTBYET O TpyOO OmMOKe U3MEPEHHOTO MPEBBIIICHUS
[0 JIMHUM, SBISOLIeiica oOmed g o0OuMX IOJMIOHOB. B OTAENBHBIX CllydasiX MOXHO



OOHApyXUTh TpyOble OMIMOKM B JBYX TMPEBBIIICHUSAX OJHOTO IOJUIOHA, HO CIIOKHBIE
KOMOWHAIIMK TPYOBIX OMMOOK BU3YAJIBHO JIOKAJTU30BaTh MPAKTHUYECKH HEBO3MOXKHO.

OBPABOTKA I'EOJIE3HUYECKHWX U3MEPEHUI
IpuHuunb 00padoOTKM U3MepeHu

W3mepeHus SBISIFOTCS BaXKHOH COCTABHOM YaCThIO Ie0JIC3MUECKHUX padOT; UMEHHO W3 U3MEPEHUIN
MOJIYYal0T KOJIMYECTBEHHYIO HH(POPMAIIUIO O PA3IMYHBIX 00BEKTAX, MO ICHKAIUX U3YUCHUIO.
['eone3ucTam NPUXOAUTCS U3MEPATH JJIMHBI TUHUH, TOPU3OHTAILHBIC U BEPTHKAIBHBIC YIJIbI,
NPEBBIICHHS] MEX/Ty TOYKaMU MECTHOCTH, TEMIIEPATypy BO3/yXa, YCKOPEHHUE CBOOOIHOTO
NaJICHHSI, MHTEPBAJIBI BDEMEHHU M MHOTOE JIpyroe. Pe3ynbrarel u3MepeHuii MOryT
UCIIOJIb30BAThCS KaK HEMOCPEICTBEHHO, TaK U KaK MPOMEKYTOYHbBIC BETUUUHBI SIS BEIYUCIICHHSI
TaKHX XapaKTEPUCTUK 00BEKTa, KOTOPHIC JIMOO BOOOIIE HEIb3sSI U3MEPHUTH, JINOO UX U3MEPEHUE
TpeOyeT CIAUIIKOM OOJIBIINX 3aTpaT BPEMEHHU M CPECTB.

MeTo1uKa BBITIOJIHCHHS H3MEPEHUI pa3padaThIBACTCsl KOHKPETHO I KaXKIOr0 BHJIa H3MEPECHHI
U MMEET IEJIbI0 IOCTHYD HEOOXOAUMYIO0 TOYHOCTh PE3yJIbTATOB MPH HAUMEHBIIIEH TPYIO0EMKOCTH
mporiecca.

C TOYKH 3peHUs TEOPUU 00PaOOTKH U3MEPCHHUI BCE M3MEPEHHUS HYXKHO pa3/Ie/IuTh Ha
HE00X0IUMbIC U M30BITOYHBIC. ECIIN KOJMYECTBO HEM3BECTHBIX BEJIUYHMH PABHO t, @ KOJUYECTBO
U3MEPEHUH paBHO N, IpUYEeM nN>t, TO t U3MEPEHHIA ABJSIOTCS HEOOXOAUMBIMH, a (n-t) -
M30BITOYHBIMH.

[Tpoctoii mpumep: uTOOBI Y3HATH 3HAUCHHUE YIJIa, TOCTATOYHO U3MEPUTH €ro OJuH pa3 (t=1); Ha
NPaKTUKE YroJl U3MEPSIIOT HECKOJIILKUMU TIPUEMaMHU, ITOJTy4dasi N ero 3HaUSHHI; CIIeI0BATENbHO,
(n-1) u3MepeHuit N30BITOUHBI.

Bce uzMepeHus conmpoBoXkIat0TCs OMMOKaMHU, U IJIaBHAs 3a71a4a 00pabOTKU U3MEPECHHH -
yCTpaHEHHUE MPOTUBOPEUNI MEXKTy pe3yIbTaTaMu U3MEPEHHMA, COACPIKAILIMMHU OITHOKHU, 1
MaTeMaTHUECKOW MOJIENIbIO, BKITFOYAOIICH YMCIICHHBIC 3HAUYCHHS U3MEPSIEMbIX BEJINYHH.
Pernrenue 3To# 3a1auu W3-3a HATHYUS U30BITOYHBIX M3MEPEHHUH HEOAHO3HAYHO, TOITOMY IS
MOJTYYCHUSI €IMHCTBEHHOTO PEIICHHS HA HETO HAKJIABIBAIOT OJHO WIIH HECKOJIBKO
JIOTIOJTHUTEIBHBIX YCIOBUM. B reojie3nu Takoe ycioBHe 3alUCHIBAIOT B BH/IE:

a|_ .
P2 |=min (1.23)
NN
o7 |- min
Fv , (1.24)
TO-€CTh, U3 BCEX BO3MOXHBIX PEIICHUI BHIOUPAETCS TaKOE, B KOTOPOM CyMMa KBaJpaToOB

NOTIPaBoOK Vi B pe3yJbTaThl H3MEPEHHUI UMEET HaUMEHbIIIee 3HaUeHKEe; OYKBOH pi 0003HAYCH BeC
I-TOrO U3MEPEHHUSI.

B Teopun 06paboTku n3MepeHuit uid 3Haka "cyMMa" HCHOIB3YIOTCS ABa CUMBOJIA: Z ull].
O0paboTKy U3MEpEeHH MPU HATUYNK W30BITOYHBIX U3MepeHult moy yenoBueM (1.23) unu (1.24)
Ha3bIBAIOT YPAaBHUBAHUEM 110 METOly HAMMEHBIINX KBaApaToB, cokpanieHHo MHK. B
3apy0exHOM tuTeparype BMecTo TepMuHa "ypaBHuBanue no MHK" uacto ucnons3ytoT TepMuH
"onenuBanne no MHK".

VYpasuuBanue no MHK MOXHO BBIOIHATH IBYMs cIOcOOaMU; IEPBBIN Ha3bIBACTCSA
napaMeTprUuecKuM, BTOpoil - kKoppenaTHbiM. O003HAUUM Yepe3 n 0011ee KOIHMUECTBO
U3MEpEHMH, uepe3 t - KOJIMYECTBO ONPEEIIIEMBIX JIEMEHTOB U UEPE3 I' - KOJIMYECTBO
U30BITOYHBIX U3MEpeHUH (1 =n - t).

B nepBom criocobe cHauana noiay4aroT NpUOIMKEHHbIE 3HAUEHUS OIPEIENIIEMBbIX 2JIEMEHTOB,
CBOJIS 3a/1a4y K HaXOXKIACHMIO t TapaMeTPOB-TIONPABOK K ATUM MPUOIUKEHHBIM 3HAUCHUSIM.
3areM COCTaBIAIOT N MapaMeTPUUECKUX YPaBHEHUH (110 KOJIMYECTBY U3MEPEHMI), TPeoOpa3yroT
UX U MOJTy4aroT t HOpMAJIbHBIX YPAaBHEHUH C t HEU3BECTHBIMU NapaMeTpaMu. Pemraror
HOpPMAaJIbHBIE YPaBHEHUS, 3aTEM BBIUMCIISAIOT 3HAUEHUS ONPEAEISAEMBIX 3JIEMEHTOB U BBIIOIHSIIOT
OLIEHKY TOYHOCTH.

Bo BTOpOM crioco6e coCcTaBIIsAIOT T YCIOBHBIX YPaBHEHHUI C N HEU3BECTHBIMU MOIPABKAMHU K
pe3yiabTaTaM U3MEPEHUH U Mocie UX NpeoOpa3oBaHMs TOJy4YaoT I HOPMalIbHBIX YPAaBHEHUH C T



HEU3BECTHBIMHU BCIIOMOTATEIbHBIMU MHOKHUTEISIMU, Ha3bIBAEMbIMU Koppenatamu. PemaioT Bce r
YpaBHEHUU KaK CUCTEMY, HaXOJIT 3HAUECHUS KOppesaT U M0 HUM BBIYUCIISIOT MOMPABKHU K
MU3MEPEHUSIM; ONPEIEIsIEMbIE 3JIEMEHTHI BRIUUCISAIOT M0 3HAUEHUSIM UCIIPABIICHHBIX U3MEPEHUN
J00BIM U3 BO3MOXKHBIX CITIOCOOOB.

TpyaoeMKOCTh TOTO WJIM PYroro BapuaHTa IpH PyYHOM CUETE 3aBUCUT OT COOTHOIICHHUS t U T;
ecnu t > r, TO IpeANoYTUTEIbHEE BTOPOM BapUaHT, €ciin t <1, TO - nepBbIid. [Ipu cuere Ha 9BM
KaK MPaBUJIO UCTIONB3YIOT MEPBbI BapUaHT.

B pe3ynbraTe ypaBHUBaHUS JOCTUTAIOT CIEIYIOIIMX IIEJICH:

BBIUMCIISIOT HanboJiee HaIe)KHbIe, HanboJIee JOCTOBEPHBIC 3HAUCHHU ST HEU3BECTHBIX BEIHUMH,
BBIUMCIISIIOT M OLIEHUBAIOT MOMPABKU B U3MEPEHHBIE AJIEMEHTHI JJIs IPU BEACHUS UX B
COOTBETCTBHUE C T€OMETPUUYECKUMHU YCIIOBUSIMU KOHKPETHOM MOJIENH,

BBITMOJHSIOT OLIEHKY TOYHOCTH YPaBHEHHBIX 3JIEMEHTOB MOJIEIIH.

HayvaJjbHble cBeleHHsI U3 TEOPUH OIIHOOK

Teopus ommbOK U3MEpEeHU U3y4aeT CBONCTBA OLIMOOK U 3aKOHBI UX pacIpelelIeHHsI, METO bl
00pabOTKM U3MEPCHHH C yI4ETOM WX OMIMOOK, a TAKIKE CIIOCOOBI BRIYUCIICHUS YUCIIOBBIX
XapaKTEPUCTUK TOUHOCTU U3Mepe HUM. [Ipr MHOTOKpaTHBIX U3MEPEHUSX OJTHOU U TOU K€
BEJIMYMHBI PE3YJIb TaThl U3MEPEHUH IMOTYYIA0TCSI HEOAMHAKOBBIMU. DTOT OYCBUIAHBIN (aKT
TOBOPHUT O TOM, YTO U3MEPEHUS COMPOBOKAAIOTCS PA3HBIMU IO BEJIMUMHE U 1O 3HAKY
omunOKaMu. 3aada TCOPUH OIMIMOOK - HAXOXKICHUE HanOoJiee HaIeKHOTO 3HAUCHUSI U3MEPCHHON
BEJIMUMHBI, OIICHKA TOYHOCTHU PE3yJIbTaTOB U3MEPEHUM U UX (PYHKUIUN U YCTAaHOBIICHUE
JIOTTYCKOB, OTPAHHUYUBAIOLIUX HCTIOIB30BaHUE PE3YIbTaTOB 00pA0OTKH NU3MEPEHUM.

[To cBoeit mpupoe OOk ObIBAIOT TPyObIe, CUCTEMATUYECKUE U CITydaliHbIE.

['pyObie OmMOKH SBIISIOTCS PE3yJIBTATOM ITPOMAXOB U IPOCUYETOB. MIX MOKHO H30€KaTh TpH
BHHUMATEJIbHOM U aKKypaTHOM OTHOIIEHUH K paboTe U OpraHu3aluy HaIeKHOTO MOJIEBOTO
KOHTPOJIS M3MepeHuid. B Teopun ommOok rpyObie omMOKH HE H3Y4atoTCsl.

CucremaTudeckrie OMMOKH UMEIOT OMpeIeNIeHHbI NCTOYHUK, HapaBiIeHHe U Beanuuny. Ecnu
HMCTOYHHMK CUCTEMATUYECKON OMMUOKH OOHAPYXKEH U U3YYEH, TO MOXKHO TOJIYIUTh (POPMYITY
BIIUSTHUS 3TOM OMIMOKK Ha pe3yabTaT U3MEPEHUS U 3aT€M BBECTH B HETO MOIMPABKY; 3TO
HCKJIIOYUT BIUSHHE CUCTEMATHUEeCKOH omunOKHU. [loka NCTOYHHUK KaKOH-IMOO CHCTEMATHYECKON
OIIMOKY HE HalJIeH, MPUXOAUTCI CUUTATh €€ CIIyuyailHOUM OMMOKOH, yXy/AlIaoleil KauecTBO
WU3MEPECHU.

CrnyuaiiHble OIIMOKY U3MEPEHHI 00YCIOBIEHBI TOUHOCTHIO CIIOC00a U3MEPEHHH (CTPOTOCTHIO
TEOPHH ), TOYHOCTHIO H3MEPUTEIHHOTO MPUOOPa, KBATH(PUKAINECH UCTIOTHUTENS U BIUSTHUEM
BHEIIHHUX yCIOBHH. 3aKOHOMEPHOCTH CIyYalHBIX OLIUOOK MPOSIBISIIOTCS B Macce, TO-€CTh, IPU
OOJIBIIIOM KOJIMYECTBE U3MEPEHUI; TAKNE 3aKOHOMEPHOCTH HA3bIBAIOT CTATUCTUYCCKUMU.
OcBoOOANTH PE3yNbTaT €AMHUYHOTO U3MEPEHHS OT CITy4aiHBIX OIIUOOK HEBO3MOXKHO;
HEBO3MOJKHO TaKKe MPEICKa3aTh CIYYalHYIO OITMOKY €IMHUYHOTO u3MepeHus. Teopust ommoOok
3aHMMAETCS B OCHOBHOM M3yY€HHEM CITy4alHBIX OLTHOOK.

CrnyqaifHast ICTUHHAS OMMOKa U3MEPEHUs A - 3TO Pa3HOCTh MEXIY U3MEPEHHBIM 3HAYCHHEM
BEJIMYHUHEI | ¥ €€ HICTUHHBIM 3HAaUY€HHEM X:

A=i-X (1.25)
CaoticTBa citydaiiHbIX omnOok. CiydaiiHble OIUOKY MOIYHHSIOTCS HEKOTOPBIM
3aKOHOMEPHOCTSIM:!

IIpU JaHHBIX YCIIOBUAX I/I3MepeHI/II>'I a0COJIIIOTHBIE 3HAYEHUS CJ'Iy‘-IElfIHLIX OIINOOK HE IPEBOCXOOAT
HEKOTOPOTO TMpeieNia; €Clu Kakas-Tu00 olmnOKa BBIXOIUT 3a 3TOT MpeAesl, OHA CUUTACTCS
rpyooi,
MOJIOKUTEBHBIE M OTPUIIATEIbHBIC CITyUYailHbIe OIIMOKH PAaBHOBO3MOXKHBI,
cpenHee apu(pMeTHIEeCKoe CIIyJalHbIX OMIMOOK CTPEMUTCS K HYJIIO IIPU HEOTPaHUUEHHOM
BO3pacTaHUU YHclia U3MepeHuid. TpeThe CBOMCTBO ClIydallHbIX OIMOOK 3aIMCHIBAETCS TaK:

lim @ =0

B (1.26)
MaJibIe 10 a0COTIOTHON BETMYMHE CIIyYaiiHbIC OIIMOKH BCTPEYAIOTCS Yalle, YeM OOJIbIIHe.



Kpome Toro, Bo Bcell Macce cirydaiiHbIX OIIMOOK HE JOJKHO OBITh SIBHBIX 3aKOHOMEPHOCTEN HH
I10 3HaKy, HU 10 Beau4uHe. Eciin 3akoHOMEpHOCTh OOHApYKUBAETCs, 3HAUUT 3/1€Ch CKa3bIBAETCS
BJIMSIHUE KAKOM-TO CUCTEMaTHUECKON OITHOKH.

CpenHss KBafpaTHUeCcKasl OIINOKa OAHOTO U3MepeHHUs. J{JIsl OLIEHKH TOUHOCTH U3MEpPEHUI
MO>KHO IIPUMEHATH Pa3Hble KPUTEPUU; B T€OJI€3UU TAKUM KPUTEPUEM SIBIISICTCS CPEIHSA
KBaJpaTHyecKkas ommbka. ITo noHsATHE ObUIO BBeleHO ['ayccom; OH ke pa3paboTan OCHOBHBIE
NOJIOXKEeHUS Teopur omnO0K. CpeaHss KBapaTuiecKas oumOKa 0 JHOTO U3MEPEHHs
o0o3HauaeTcs OykBOil m u Bbruucisercs 1no gopmyie ['aycca:

iy
n (1.27)

M=

e pﬁj=£ﬁ-+ag-+”,+a§%

N - KOJIMYECTBO U3MEPEHUIN OJTHOW BEITUYUHBI.

Cpennsist kBagpaTudeckas ourroka O4eHb YyBCTBUTEIbHA K OOJIBIINM MO a0COTIOTHOM BETUYHHE

ommnOKaM, Tak Kak KakJas onrOka BO3BOJUTCS B KBaJpaT. B To xe BpeMs oHa sBIseTCS

YCTOHYHMBBIM KPUTEPUEM JJIsI OLICHKU TOYHOCTH JIaXKe IMPU HEOOIBIIOM KOJTMYECTBO H3MEPEHU;

HA4YMHAas ¢ HEKOTOPOIo N JalbHelIee yBeJIMUYeHNe Yucia U3MEPEHUN TOUTH HE U3MEHSIET

3HAYCHHS M; I0Ka3aHO, YTO YK€ MPU N = § 3HAYCHUE M MOITYYaeTCs JOCTATOYHO HAJICKHBIM.

[TpenenbHas ommbKa psiga usmMepeHuit o0o3Havaercss Anpes; oHa 0OBIYHO MPUHUMAETCS paBHOM

3*m npu TEOPETUUECKUX UCCIICAOBAHMX U 2*m WK 2.5%m npu mpaKkTHUECKUX U3MEPEHUSX.

CuuTaercs, 4To U3 THICAYN U3MEPEHUN TOJIBKO TPU OLIUOKH MOTYT JOCTUTaTh UM HEMHOTO

IIPEBOCXOUTH 3HaUeHue Anpen = 3*m.

OtHomenne mx/X Ha3bIBa€TCS CpEeIHEH KBaJPATUYECKON OTHOCUTEIBHOMN OLITMOKOM; ISt

HEKOTOPBIX BUJIOB U3MEPEHHI OTHOCUTEIbHAS OIIMOKA OoJiee HarsiiHa, 9eM m. OTHOCHTEIhbHAs

omrOKa BhIpakaeTcs pOObIO ¢ YMCIMTENEM, paBHbIM 1, Hanmpumep, mx/X = 1/10 000.

Cpennsis KBagpaTudeckas ommoka QyHKIIMA U3MEPEHHBIX BeIMYUH. BriBeneM Gpopmyiry

cpenHel KBaapaTuyeckoi omuOKku QyHKIIMN HECKOIBKUX apryMEHTOB MPOU3BOJIIBHOTO BUA:
F=f(X,Y,Z..), (1.28)

3nech: X, Y, Z ... - ACTUHHBIE 3HAaUEHUsl ApTyMEHTOB,

F - ucrunnoe 3HaueHune QyHKIuN.

B pesynbraTe u3mepeHuit momyueHsl M3MepeHHbIe 3HaueHus aprymenTos 1X, 1Y, 1Z, mpu sTom:

X =1,-A,
Y =1 -A,
L=l m by (1.29)

rae AX, AY, AZ - ciydaiiHble HCTUHHBIE OIIMOKY U3MEPEHUS apIyMEHTOB.
@yHKIMIO F MOXHO BBIPAa3UTh YepE3 U3MEPEHHBIE 3HAUYEHUSI apTyMETOB U UX UCTUHHbIE
OLIMOKU:

F=fQ-And, A0 -4,

Paznoxum ¢pynkumio F B pan Teitnopa, orpaHUUMBIIMCE IEPBOM CTENEHBIO MAJIBIX MPUPAIIEHUI
AX, AY, AZ:

F=fad)

F= flGdsslos N . .
Pasnocts Tty )HBJ'H{GTCS{ CIIy4aifHON MCTMHHOM OIIMOKON yHKINHU C
IIPOTUBOINOJIOXKHBIM 3HAKOM, IIO3TOMY:

N .
ax ay 3z (1.30)

AR =£-&X+£-&}, +£-&z +...
ik dr e (1.31)

Ecnu BRIMOTHUTE N U3MepeHui aprymeHToB X, Y, Z, TO MOXHO 3aIlMcaTh N YpaBHEHUN BUAA
(1.31). Bo3Benem Bce 3TH ypaBHEHHS B KBaJpaT U CI0XKUM UX; CyMMapHOE YpaBHEHHE Pa3JIeIuM

Ha N U MMOJyYuM
2 2 2 2
Mz[z] Ja_ih(_a;] *M{z] el
b ax % ar n a7 n
+ Z*z*z*w.*_ Zma_f*z*—[ﬁx*ﬁx]*_ Z*z*z*—[ﬁy*ﬁxl“
ax oy » oxX o2 » oY o2 »



B cuty Tpetbero cBOHCTBa cy4ailHbBIX OMIMOOK WIECHBI, COACPIKAINE TPOU3BEIACHHUS CITyJailHbIX
oKnO0K, Oy1yT HE3HAUYUTEIBHBIMU 110 BEIMYHMHE, U X MOXHO HE YUUTHIBATh; TAKUM 00pa3zoM,

2 2 2
WOCTY 1 RPN [ [ Y R -

&4 dy dz (1.32)
Kak gactabie ciyuan popmyiisl (1.32) MOKHO HAaNMCATh BBIPAKEHHS I CPEeAHEN
KBaJJPaTUYECKOM OIMOKN HEKOTOPBIX (DYHKIIMI:

F=k*X; mz=k**my;

F=a*Xtb*Y, mi=a®*ms +b* *m

x? 2
F=X*g®), mh=tg*(N)*ms +———*m?.
) =18 () Wy g
Ecnu @yHKIUs UMeeT BUJL IPOU3BEAEHH HECKOIBKUX apTyMEHTOB,

F=x*y*z,

TO U1 HEe MOKHO 3aITMCaTh BHIPA)KEHUE OTHOCHTEIBHOMN OMMOKH (PYHKITUH:
2

() () (2] (2]
F x y z (1.33)

KOTOPOE B HEKOTOPBIX CIIydasiX OKa3bIBaeTcCs OoJiee ynoOoHbIM, yeM dopmyna (1.32).

[TpuHUIMI paBHBIX BIMAHUN. B reonesun 4acTto NpuxoauTCs ONPENEIIATh CPEIHUE
KBaJIpaTHYECKHE OIIMOKU apryMEHTOB 110 33JJaHHON Cpe/lHel KBapaTUYECKOi omuoke
¢ynkuuu. Ecnu aprymeHT Bcero oAuH, TO pelieHue 3a/1auy He MpeJICTaBIseT TpyAHOCTU. Eciu
YHCJIO ApI'YMEHTOB t 00JIbIIIE OAHOI0, TO BO3HUKAET 33/]a4a HaX0XACHUS t HEU3BECTHBIX U3
OJIHOTO YPaBHEHMSI, KOTOPYIO MOYKHO PELINTD, IPUMEHSS IPUHLIMI PaBHBIX BIUAHUN. CorinacHo
ATOMY NPUHIUITY BCE ciiaraeMble paBoii yactu ¢popmyisl (1.32) wmu (1.33) cuurarores
PaBHBIMH MEX]ly COOOH.

Apudmernueckas cepenuna. Ilycte umeercst n u3MepeHuit OAHON BEIUUUHBI X, TO-ECTb,

= Xo=iyy
fp— K=y
by =X =4y (1.34)
CJI0KHM 3TH PaBEHCTBA, CyMMapHOE YPaBHEHHE Pa3/IeIiM Ha N U MTOJTYYHM:
Al
P ” (1.35)
5l
Benmuuna b (1.36)

Ha3bIBAETCS CPETHUM apHU(PMETUUECKUM WIIN MPOCTON apu(MeTHUECKON cepeAMHOM. 3anurieM
(1.35) B BUIIE
Fit
g%_X=LJ
b
10 TPEThbeMY CBOMCTBY O1IMOOK (1.26) MOKHO HamuMCaTh:

lim (X, - X) = 0,

R—=rw

YTO O3HAYacCT, UTO IpHU HCOTPAHUYCHHOM BO3paCTaHNH KOJIUYCCTBA H3MepeHHI>'I mpocras
apudmeTnuecKkas cepeuHa CTPEMUTCS K ICTHHHOMY 3HaYSHHIO U3MepsieMoi BeTnauHbl. [Ipu
OTPaHMYECHHOM KOJIMYECTBE U3MEPCHHI apru(pMeTHUSCKast CepeInHa SBISCTCS HanOoee
HAJESKHBIM U JJOCTOBEPHBIM 3HAYCHHUEM U3MEPSEMO BETUYHHEI.

3anumem ¢opmyiy (1.36) B Buge

1 1 1
XO =—*I1+—*I2+...+—*I?,
7 7 7

Y TIOJICYMTAEM CPETHIOI0 KBAIPATHUECKYIO OMIMOKY apu(METHIECKON CEpeTUHBI, KOTOpas
ob6o3navaercs OykBoii M. Cormacao dhopmyie (1.32) Hanumem:

2 12* 2 12* 2 12* 2
M = ; mz + ; mm +ait ; mln



NI

2
M? = [%] *[mfl +m +...+mﬁl]

Ho mll = ml2 = ... = mIn= m no ycj0BHI0 3a/1auu, TaKk KaK BEIMYNHA X U3MEPSCTCS MPH OJTHUX
U TeX ke ycnoBusx. Toraa B KBagpaTHBIX CKOOKax OyneT n * m2, 01HO n COKPATUTCS U B UTOTE
TIOJTYYHM:
M2 =m2/n
17001
A = e
Jn (1.37)

TO-€CTh, CPEIHSS KBapaTHUUYECKasi OMMOKa apu(PMETHIECKON CepeIMHBI B KOPEHb U3 N pa3
MEHBIIIE OIUOKHU OJHOTO U3MEPEHHUS.

Brruncnenue cpeHeil KBaapaTUIeCKON OMMOKY 0 YKIOHEHUSIM OT apu(PMEeTUIECKOM
cepenunbl. Popmyny [Maycca (1.27) NpUMEHSIIOT JIMIIBb B TEOPETUYECKUX BBIKJIAKAX U MPU
WCCJICIOBAHMSIX TPHOOPOB ¥ METOI0B U3MEPEHHH, KOT/1a U3BECTHO HCTUHHOE 3HAUCHUE
u3MepseMon BennunHbl. Ha npakTuke oHO, Kak IpaBUiIO, HEU3BECTHO, U OLIEHKY TOUHOCTH
BBITIOJTHSIOT TI0 YKJIOHEHUSM OT apu(PMETHUECKON CepeInHBI.

IlycTh MeeTcs psii paBHOTOYHBIX U3MEPEHUN BETMYUHBI X:

1,12, ..., In.

Brraucnum apupmerndeckyro cepenuny X0 = [1]/n u ob6pa3zyem pa3HOCTH:
L—=X;=W;
Iy =&, =V,
=&y =V, (1.38)

CrnosxxuM Bee pasHocty U nonyuuM [1] - n * X0 =[V]. [1o onpenenenuto apupmeTnieckon
cepemunsl n * X0 = [1], moatomy:
[V]=0. (1.39)

Benuuunbl V Ha3bpIBalOT BEPOSITHEMIIMMU OLIMOKaMH U3MEPEHUN; UMEHHO MO UX 3HAUYEHUSAM U
BBIYUCIIAIOT Ha MIPAKTUKE CPEIHIOK KBAJAPATHUYECKYIO OIIMOKY OJJTHOTO U3MEpPEHHs, UCTIONb3Ys
11t aToro popmyny beccens:

(]

M= —

n—1 (1.40)
[TpuBenem BbIBOJ 3T0M (hopMysbl. OOpa3yeM pa3HOCTH CIydalHbBIX UCTUHHBIX OIINOOK
U3MEpeHUil A U BepOATHEHIINX OINO0K V:

b=V =X, - &,
Ay XX
Ay =Ve=Xy=4 (1.41)

Pasnocts (X0 - X) paBHa HCTHHHOM oIMOKe apruMeTHuecKoil cepequHbl; 0003HaunM ee A0 u
nepenuiem ypaHeHus (1.41):

AR 0
A, = Ay +75;
By =8y +7,. (1.42)

Bossenem Bce ypaBHeHus (1.42) B kBajpaT, CJI0KUM UX U TOTYyUUM:
|42 |= n* 82 + 2% A, *[7]+ 72|

Bropoe ciaraemoe B ipaBoii 4acTH 3TOI0 BBIPAKEHHUS PaBHO HYIIO 1O CBOMCTBY (1.39),
CJIEIOBATEINbHO,
) ne 23+ 7
Paznenum 5T0 ypaBHEHHE Ha n U yuTs, 9TO [A2]/n =m2, moaydnM:
VE
me = ﬂ:’,':, +—[ ]

2 (1.43)



3aMeHNM UCTHHHYIO OIIMOKY apudmernueckoit cepenunsl AQ ee cpeHel KBagpaTHIeCKOM

ommGkoii M =m! \'g; TakKas 3aMeHa MPaKTUYEeCKU He U3MEHUT NpaBoit yacTu Gopmysl (1.43).
Hraxk, , ,
it = M

# "o,
OTKyza m (r—1)= [Vﬂ ];
nocJie nepeHeceHus (n-1) B mpaByro 4acTh U U3BJICUCHUS KBAJAPATHOTO KOPHS MOJIY4aeTCst
dopmyna beccens (1.40).
Jis BBIYMCIICHUS CPEHEH KBapaTUIEeCKOM OIMOKN apru(METHIECKOI cepeJMHbI HA OCHOBAaHUU
(1.37) monmyuaercst popmyna:
772

n*(n-1) (1.44)
Beca n3mepenuii. Ismepenus ObIBalOT paBHOTOYHBIE U HEpaBHOTOUHbIE. Harpumep, ouH U TOT
K€ YroJl MOXXHO U3MEPUTh TOYHBIM HJIM TEXHUYECKUM TEOJOTUTOM, U PE3yNbTaThl TAKHX
U3MEepeHUi OyIyT HepaBHOTOYHBIMU. T OJIMH M TOT 7K€ yroJl MOKHO U3MEPUTH Pa3HBIM
KOJIMUECTBOM IPUEMOB; PE3YJIbTaThl TOXKE OYIyT HepaBHOTOUHBIMU. [IOHATHO, 4TO cpeaHme
KBaJIpaTHYECKUEC OMMOKH HEPAaBHOTOYHBIX M3MEPECHUN OYIyT HEOTUHAKOBEL. 3 ombiTa
U3BECTHO, YTO U3MEPEHUE, BHITOTHEHHOE ¢ O0JbIIeH TOYHOCTHIO (C MEHBILIEH OIIUOKO),
3aCIyKMBAET OOJIBIIETO JOBEPUSI.
Bec uzmepeHus - 3To yCIoBHOE YHCIIO, XapaKTePU3YIOIIee HAJeKHOCTh U3MEPEHHUS, CTEIIEHb €r0
JoBepust; Bec 0003HavYaeTcss OyKBOM p. 3HAUCHUE BECa H3MEPEHHUS MOJIYYa0T 110 GopMyIIe:
p =C/m2 (1.45)
rae C - B o01ieM ciayyae Npou3BOJIbHOE MOJI0KUTENBHOE YUCIIO.
[Tpu HepaBHOTOUHBIX U3MEPEHUSIX OJHON BEIMYUHBI HAaUOOJIee HAaJIe)KHOE €€ 3HAUCHUE
MOJTy4YaroT 1o (opMysie CpeTHEBECOBOM apu(METHICCKON CEPETUHBI:
X, = hopth-pot 4, -py

Ptp,t.otpy, (1.46)

170011 X0 =[I*p] / [p] .
OmmbKky n3MepeHusi, BeC KOTOPOTo paBeH 1, Ha3bIBAIOT CPEAHEH KBaAPATHUECKON OIIUOKOMA
€IMHUIIBI Beca; OHa 00o3HavaeTcst OykBoit m. U3 ¢popmysl (1.45) nmomygaem

M:

.':1 = —2
H 1
OTKy/1a C=u (1.47)
TO-€CTh, 3a unciio C MPUHUMAIOT KBaJpaT OUTUOKN €IUHUIIBI BECa.

[Toacuutaem Bec P CpeHHeBeCOBOﬁ apH(bMeTquCKOﬁ CCPCANHBI. Ilo OIIPCACIICHUIO BECa UMCCM:
C

P:_ﬂ
M (1.48)
Cornacho (1.46) u (1.32) Hanumem:
P= (ot et pl )

[ToacraBum crona BMecto mli2 ux BeipaxkeHus 4yepe3 Bec m2 = C/p , Torma:
1
M=—— (C-p+C py+.+C p,)

[#]
[ToacraBuM 310 BBIpaXkeHue B popmyiy (1.48) u momyuum,
P =1[p], (1.49)

TO-€CTb, BEC CPEIHEBECOBOI apr(PMeTHUECKOI cepeIuHbl paBEH CYMME BECOB OTJIEIbHBIX
WU3MEPEHUM.

B cnyuae paBHOTOUHBIX U3MEPEHUH, KOTIa BECA BCEX U3MEPEHUM OJMHAKOBBI M PAaBHbI €JUHUIIE,
dopmyna (1.49) npunumaer BU:

P=n. (1.50)

[Tpu 06paboTke GOMBIIMX TPYIII U3MEPEHUH (IIPH YpaBHUBAHUH I'€0/I€3MUECKUX MTOCTPOEHUH 110
MHK) BbIUnCIISIIOTCS 3HaU€HUE OMIMOKU €IMHUIIBI BEca, Beca U3MEPEHUI U APYTUX AJIEMEHTOB
1ocje ypaBHUBAaHMS, a OIINOKA JIF0OOr0 YpaBHEHHOTI'O JIEMEHTA OJCUUTBIBAETCA 1O (hopMyJIe:

=iyl e, (1.51)
TJ€e pi - BEC 1-TOr0 JIEMEHTA.



DJIeMEeHThI TEXHUKH BLIYHCJICHUNI

Tounble u TpUOIMKEHHBIE YKclia. TOYHbIE YMCIIa MOIY4aloTCs IPU CUeTe OTAENbHBIX
IIPEIMETOB U MOHATHH (IpuMep: 27 MapuKoB, 45 1IaroB); TOYHBIMU YHCIAMU SIBIISIFOTCS
Macitababie kKodddurments! (mpumep: 1 m = 100 cm = 1000 MM, MaciiTad KapThl paBeH
1:25000) mnu nensle 4ncia, yCIOBHO PUCBAauBaeMble IpaHuIaM (PU3MUECKIX UHTEPBAJIOB
(mpumep: Temriepatypa Tasaus Jbaa 0o C, remnepatypa kuneHust Boasl 1000 C).
[TpubnmxeHHbIe YKciIa B T€0I€3UU OTYYal0T, KaK MPAaBUJIO0, U3 U3MEPEPEHHIL; CYMTACTCS, UTO
3aMyucaHHoe MPUOIMKEHHOE YMCIIO0 OIIMO0YHO He Oosiee, YeM Ha MOJOBUHY €IMHUILIBI
IIOCJIEAHETO pa3psiaa:

2.145 - ommbouno Ha 0.0005 ,

2145 - ommbouno Ha 0.5 u T.71.

3navammue nuudpsl yrcna. Bece nudpel yncna kpome Hynel ciaeBa sIBISIOTCS 3HAYAIUMU:
4.147 - 4 3navammx qudpsl ,

0.004147 - 4 3navyammx 1udpsr ,

40.00 - 4 3navamux nudpsi .

BepubiMu 3HavamumMu nudpamMu npudbINKEHHOTO YUCTIa CYUTAIOTCS T€ HU(PBI, 3HAYCHHE
KOTOPBIX OOJIbIIE OMUOKH 3TOro yncia. KomndyecTBo BEpHBIX 3HAUaMX nudp B pe3yabTare
orepanuil YMHOXKEHUS, IeJICHHs, BO3BE/ICHUS B CTENICHb U W3BJICUCHHS KOPHS ONpEAeseTCs
HaMMEHBIINM KOJIMYECTBOM BEPHBIX 3HAYANINX UMD B UCXOAHBIX YHCIIAX:

2.457*0.62=152334=15,

4 @ ()
2.457 1 0.62 = 3.96290 = 4.0,
4 @ ()
2.452 = 6.0025 = 6.00 ,

3) 3)

245 - 15652 =157,

©) ®3)

[Tpu BBITOTHEHUH TOTO MPABUIIA IPUMEHSIETCSI OKPYTIIEHUE MTPUOIMKEHHBIX YHCEIN, KOTOPOe
npeaycMaTpuBaeT, uyTo:

ecyu nepsasi oTopaceiBaemasi nudpa 60sbIe S5 Uil 5 ¢ MocieIyIoIUMU U pamMu HE paBHbIMU
HYJIIO0, TO MTOCTIe/IHSAS OcTaBisgeMas udpa yBeanuuBaercs Ha eaununy ( 2.4617 ~2.5,2.4523 7~
2.5),

ecu repBasi oTOpacbiBaeMas IIU(pa MEeHbIIE 5, TO MoceIHss ocTaBisseMas nudpa He
u3Mensercs (2.4417 ~2.4),

ecIu repBasi oTOpacbiBaemas 1udpa ecTb 5 U 3a Hel 1160 Het 1udp, 1Mb0 ecTh OJHHU HYIH, TO
TIOCJIC/IHSAS OCTaBJsieMast Hudpa OKpyrisieTcs 10 yeTHoi ( mpumep: 2.55 = 2.6, 2.65000 = 2.6 ).
[Tpu 3anmucu oueHb OOJIBIIOTO UM OYE€Hb MAJIEHBKOI'O YHCIIa C HEOOIBIIUM KOJIMYECTBOM
BEPHBIX 3HaYalINX HU(P pEKOMEHAYETCS UCIOIb30BaTh creneHs uncia 10 ( mpumep: 2.47*106 ,
0.45*10-8).

[Tpu crio’keHNH ¥ BEIYUTAHUU MPUOIMKEHHBIX YHCEN KOJIMYECTBO BEPHBIX JIECSITUYHBIX 3HAKOB B
OTBETE ONpeeNsieTcs HAaUMEHBIINM KOJINYECTBOM JIECATUYHBIX 3HAKOB B UCXOHBIX YHCIIAX:

206.8 ( 1 mec. 3Hak )
+21.385 ( 3 mec. 3HaKa)
0.2751 (4 nec. 3HaKa)

228.4601 = 228.5 ( 1 mec. 3HaK ).

Ecnu B 3anaue 6onee oHON apruMETHUECKOH ONepalnu, TO B pe3yabTaTax MpOMEKYTOUHBIX
ornepanuii peKOMEHIyeTCsl OCTaBIATh OJIHY 3aMacHylo HUGPY (A1 yMEHbIIEHHS OMNO0K
OKPYTJICHHUS).

CucTeMbl eUHHMIL 1J1s1 H3MEPEHHSI YTIIOB!

['panycHas cucrema.

I'pagyc - 3o 1/90 vacTe npsimoro yria,

MuHyTa - 370 1/60 "YacTh rpagyca,

ceKkyHga - 9T0 1/60 yacTb MUHYTHI,
1o =60"=3600".



[Tonnas ¢popma 3anmcu yrna:124012'14.63" , 124012'00" .

1-s1 coxpamennas ¢popma 3anucu yria 124012.244" .

2-51 cokpaleHHas ¢popma 3anucu yriaa 124.20470 .

Pannannas cucrema. Paguan - 3To nieHTpaibHBIN YroJ, IJMHA IyTH KOTOPOTO paBHA painyCy
okpy>kHOCTH. [TonHbIi yron B 3600 coepKUT 27 paiiaHoOB.

[lepexon OT paanaHHON CUCTEMBI K IPalyCHON U 00paTHO:

b= B * 0" Bw=8"10"%
B =P Fu=Fi0,
b.=15pca*p'; ﬁpax):lg'fp.'
3HaueHUs epexoHOro KoddduimeHTa p :

bo = ‘Spad* pU.’
b=Fu*r;
B = Bt o

I'panoBas cucrema.

I'pax - ato 1/100 wacTe mpsimoro yria,

canturpan - 3to 1/100 gacte rpana,

ca"TucaHTurpay - 3to 1/100 gacTs canTHrpaja,

I rpaxg =100 ¢ =10000 cc .

CymiecTBYIOT elle 4acoBasi CHCTeMa U3MEPEHUs YIJIOB, CUCTEMA JICJICHUM yriiomepa u
HEKOTOpbIE APYTHE.

[Tpr HaXOKICHUH TPUTOHOMETPHUSCKUX (PYHKIIMHA yTIIa HY)KHO COOTIOAaTh COOTBETCTBUE
MeEX1y 3HAUCHHUEM yTJia U KOJTUYECTBOM 3HAaYaIuX HUdp B 3HAUCHUU DYHKIIUU:

YTOJI 33J1aH JIO TEJIbIX MUHYT - 4 - 5 3Havanmx nudp,

yroJI 3aJ1aH /10 A€CATHIX J0Jei MUHYTHI - 5 - 6 3Havamux uudp,

YrOJI 3aJ1aH JI0 TeJNIbIX CEKYHJ - 6 3HaYaImux mudp,

YrOJI 3aJ1aH /10 IECATHIX JOJIEH CEeKYHbI - 7 3HAYAIIUX IUPD.

[IpuBenemM HEeKOTOpHIE TTpaBuiIa O(QOPMIICHUS T€OE3MUECKIX BHIYUCIICHHI:

BCE BBIUMCIICHUS CIeIyeT pa3MeniaTh B TAOIHUIIAX HIIK BEJOMOCTSIX,

Harnvcanue nu@p J0HDKHO OBITh aKKYPATHBIM M Y€TKUM, UCKITIOUYAIOIIUM HEOJHO3HAYHOE
MPOYTEHUE; KENATEITHHO UCTIOIb30BAaHUE MIPU(PTOB,

3aIUCH OJTHOPOJIHBIX YUCEIN CIEAYET pacioiaraTh CTOJIOMKAMH pa3psijl MO pa3psioM;
KOJIMYECTBO 3HAUANINX UG U JECATHUHBIX 3HAKOB JOHKHO COOTBETCTBOBATH MPaBUIIaM
TEXHUKU BBIYMCIICHHI,

VCXO/IHBIE TAHHBIE PEKOMEHYETCSI BBIJIEIATh IBETOM WJIM MOTUYEPKUBAHUEM,

3aIUCH B TAOJIUIIAX U BEIOMOCTSIX HE JOJKHBI UMETh BUIUMBIX UCIIPABICHUN; HEBEPHO
HANMCaHHYIO U(GPY HY>KHO aKKypaTHO YAATUTh U Ha ’TOM MECTe HallucaTh BEPHYIO Uy,
B MOJIEBBIX KypHaJaxX 3aMpeliaeTcs UCTIPABIIATh MIEPBUYHBIE OTCUETHI, & BHIYUCICHHS MOKHO
WCIIPABIIATh, aKKYPAaTHO 3a4€pPKHBast HeBepHbIE ITU(PHI U HAMIMCHIBAs CBEPXY BEPHBIE,

BCE MPUPAIICHUS] KOOPJUHAT, MPEBBIIIECHNUS, HEBSI3KH U MOMPABKH CIEAYET MUCATh CO 3HAKOM
("mumroc" nnm "munyc").

31ech YMECTHO BCIOMHUTH CJIOBAa U3BECTHOTO reoae3ucta B.B. Butkosckoro: "Usn BeUHCICHUS
MPEJICTABIISIFOT U3SIIHO PACIIONIOKEHHBIE CTONOIBI KpaCUBBIX IU(DP, TOT MOYTH BCETIa
MPaBUIILHO B OBICTPO BhIUHCIsgeT. Hao60poT, ubK BEIYHMCIICHHS pa30pocaHbl B Oecriopsiake, a
cam¥ [UQPHI MOPaKAIOT CBOSH YPOIIMBOCTHIO, TOT TOYTH BCETA MyTA€TCS U BBIUUCIISIET C
omuOkamu",



211 CEMECTP

IIJIAHOBBIE CETHU CI'YIIEHUS
IlocTanoBka 3amaum

3amavya CrymieHusl CyIIECTBYIOUIEH Treo/Ie3MuecKOl CeTH BO3HUKAET IOCTOSHHO MpH
peaiM3aly Ha MPaKTUKE MPUHATOrO B HAlllel CTpaHE NMPUHIMIA NOCTPOEHUS I'€0AE3MUYECKUX
cetelt “or obmiero k yactHomy”. CryCTHTh C€Th — 3TO 3HAUYHUT, YTO K CYIIECTBYIOIIUM MTYHKTaM
Te0Ie3NUECKUX CeTeH BBICOKOTO Kiacca TOYHOCTH TpedyeTcs M00aBUTh €mE OAMH WU
HECKOJIBKO ITyHKTOB 00Jiee HU3KOTr0 KJIacca TOYHOCTH TakK, YTOObI INIOTHOCTh IYHKTOB OKa3ajach
COOTBETCTBYIOIIEH TpeOOBAHUSAM MPOBOJUMBIX PAOOT.

MOoXHO TpeIoKUTh HECKOJIbKO BAPUAHTOB OIpENEiICHHs] KOOPAMHAT TOYEK B OJIHOM
re0Ie3NYECKOM MOCTPOCHHUH. M3 3TOro MHOXECTBa BapUMaHTOB BBIACTWINCH U OQOPMHIINCH B
BUJIE CAMOCTOSITENIBHBIX CIIOCOOO0B, JIIsl KOTOPBIX OblIa pa3paboTaHa COOTBETCTBYIOIIAS TEOPHS,
W) (13 %1015 (H

- re0JIC3NYECKUE 3aCEUKH;

- JIMHEWHO-YTJIOBOM XO/I;

- CUCTEMa JIMHEHHO-YTJIOBBIX XOJI0B C Y3JIOBHIMU TOUKAMU;

- TPUAHT YIS,

- TpHUJIaTepallus;

- JIMHEMHO-YTJI0Basi CETh.

['eone3nueckrie 3aceUky MPUMEHSIOT TOTA, KOT/Ia HY>KHO OIpPENeIUTh MPSIMOYTOJIbHbIC
KOOpJMHAThl OJHOW TOYKH; TakKas 3ajadya BO3HUKAET MPU NPUBS3KE CBOOOJHBIX MIM BUCSUUX
re0JIC3UYECKUX MMOCTPOCHHUM K UCXOIHBIM ITYHKTaM, a TAaK)Ke IIPU CTYIICHUH I€0/Ie3UYECKOM ceTn
Ha MaJlOM I10 TEPPUTOPUU YYACTKE MECTHOCTH, JUOO KOTJa CYIIECTBYET JIOBOJIBHO I'yCTasi CETh
UCXOJHBIX MTYHKTOB U TOJIBKO B OT/AEIBHBIX MECTaX TpeOyeTcs pachoi0KUTh JOMOJIHUTEIBHO 10
OJIHOMY — JIBa ITyHKTa CTyLICHUSI.

OcranbHble CHOCOOBI MpEAHA3HAUEHBl JIi ONpPENENICHUS KOOPAMHAT HECKOJIbKUX
MYHKTOB U3 OJHOIO I'€0I€3UNYECKOr0 MOCTPOECHHUS.

OIPEJEJIEHUE NMPSIMOYTOJIbHBIX KOOPJIUHAT OJHOM TOUKH
Crnoco0bl 3a1aHUs IPAMOYTOJbLHONH CHCTEMbI KOOPAMHAT

Kak u3BecTHO, cucTeMa MpsIMOYTOJIBHBIX KOOPIUHAT Ha IUIOCKOCTH MOXET 337aBaThCs
TpeMsi Cloco0amH:

1-i1 cioco0 - cTaHAapTHBIA MaTeMaTUYECKU:

- (buKCUpyeTcss MECTOIONIOKEHHE IeHTpa cucTteMbl Touku 0, mpoBogurcs ock 0X u
YKa3bIBAETCS €€ MOJ0KUTEIbHOE HAIIPABICHUE;

- nepneHaAukyisipHo Kk ocu 0X mpoBoautcst ock 0Y, B COOTBETCTBUM C THUIIOM
CHCTEMBI (ITIpaBasi WM JIeBast) yKa3bIBaeTCs MOJOKUTENbHOE HanpasieHue ocu 0Y;

- yCTaHaBJIMBAETCS MAcITab KOOPAUHAT BJIOJIb OCEH.

[Ipy HanMuMM KOOPAMHATHBIX OCEH ISl OMpeeNieHUs] KOOPAWHAT KaKoW-TMOO TOUYKHU
C Hy)XHO CHayayia OMYCTHUTh MEPHEHIUKYISAPHl U3 STONH TOYKM HAa KOOPAWHATHBIE OCH U 3aTeM
U3MEPUTH JUTMHY 3TUX TEPICHINKYIISIPOB; JUTMHA epreHanKysipa kK ocu 0X paBHa KoopauHaTe
Y, nnuHa nepneHukyssapa k ocu 0Y - koopaunare X Touku (puc.24 ).



Pucynok 24 — IlpsamoyroiibHas cuctemMa KOOpJAUHAT

Kpome cucrembr XOY MOXHO HCHOIB30BaTh cuctemy X'0°Y’, MONXydarouryrocs wu3
cucreMbl X0Y myrem mapaulenbHOTO TMEpeHoca Hadaina KOOpAMHAT B TOUKy (0

(X, =0,Y, =9y), u noBOpOTa OCEell KOOPJAMHAT II0 YacoBOW cTpenke Ha yron o. [lepexox u3

cuctembl XOY B cuctemy X’0°Y’ BoinonHsercs no Gpopmynam
X'c=(X,—-&)-Cosa+ (Y. —)-Sina,
Y'c=—(X.—&)-Sina+ (Y. —6)-Coscr.
Jlyist o6paTHOTO TTepexo/1a UCTIOIB3YIOTCS (POPMYITBI
Xe =x+Xc-Cosa—Yc-Sina,
Y., = +Xc-Sina+Yc-Cosa.

B yacTHOM ciiydae yroin @ MOKeT ObITh paBEeH HYIIIO.

2-1 cioco0 - KOOpIMHATHAS CEeTKA:

- NPOBOJIAITCSI JIBE B3aMMHO IEPICHIUKY/ISPHBIC CHUCTEMBbI ApalICIbHBIX JINHUH,
PACCTOSIHUS MEXTY JIMHUSMHU OJIMHAKOBEKIC;

- CUMTACTCS, YTO ITH JIMHUM TApaIeNbHbI OCSIM KOOPAWHAT, U Y KaKIOW JTUHHUH
MOIMTMCHIBACTCS 3HAUCHUE COOTBETCTBYIOMICH KOOPIUHATHI.

Bce nelicTBus MO ompeneneHUI0 KOOPAMHAT TOYKH WM MO HAHECEHHWIO TOYKU MO €€
W3BECTHBIM KOOPJHMHATAM BBITIOJTHSIOTCS BHYTPH COOTBETCTBYIOIIETO KBaJpaTa, FOT0-3aIa HbINA
yroJ1 KOTOPOTo MPUHUMAETCS 32 Ha4alo MECTHOM CHCTEMbI KOOPAMHAT, UMEIOIIEH CHITY TOIBKO
BHYTPH JIAHHOTO KBaJIpara.

3-ii_cnocob - yKa3bpIBAIOTCS UYMCJICHHBIE 3HAYEHHUS KOOPAUHAT JBYX (DMKCHPOBAHHBIX
TOYEK.

[TepBoiii coco0® sBsieTCsl OOLIENPUHATHIM; B TEOAE3HH ITHM CIIOCOOOM 3aJaeTcs
30HaJbHAS cHcTeMa KoopamHat ["aycca.

Ha Tomorpaduyeckux kaprax u IJIaHaX CHUCTeMa MPSIMOYTOJbHBIX KoopauHaT ["aycca
3a/1a€TCsl BTOPBIM CIIOCOOOM.

Ha mectHOCTHM cHcTeMa MPSIMOYTOJIBHBIX KOOPAMHAT 3a/Iae€TCsl TPETbUM CIIOCOOOM;
BCEr/la MOKHO HAWTH HECKOJBKO TE0JIC3MYCCKHX IMYyHKTOB C W3BECTHBIMH KOOpDJIUHATAMH W
OTIpeIeNATh KOOPAMHATHI TOYKH WJIM BBIHOCUTH TOYKY Ha MECTHOCTh MO €€ HW3BECTHBIM
KOOpJMHATaM OTHOCHUTEIIEHO 3TUX ITYHKTOB, BBITTOJIHSS KaKUe-ITHO0 U3MEPEHUSI.

Tpu 2JIeMEeHTAPHBIX U3MEPEHHUSI U UX YPABHEHHUA

Ha mnnockocTd MOXHO HM3MEpSTh YIJIbl M PACCTOSHUA. YTON (UKCUPYETCS Tpems
TOYKaMU: OJ[Ha TOYKA - 3TO BEPILMHA YT, a IBe JPyrue TOUKH (PUKCUPYIOT HampaBieHus 1-ii u
2-1 cTOpOH yria. B mpocteiimem cirydae XoTs ObI 0JTHa TOYKA U3 TPEX HE UMEeT KOOPJIWHAT, TO-
€CTb, SABIISICTCS ONpEeNsieMOii; B O0IEM Cilydae ONpeaeisieMbIMH MOTYT ObITh OJHA, JIBE WU
BCe TpHU TOUkH. Paccrosinue puxcupyercs AByMs TOYKaMH, U B OOLIEM CiIydae OnpeaesieMbIMU
MOTYT OBITh OJIHA TOYKA WJIH 00e.

B nanHOM pa3znene paccMaTpuBaeTCsl MPOCTEHIINEI CiTydai, KOT/1a U3MEPEHUE YIII0B WU
PacCTOSIHUM BBINIOJIHAIOT JUISl  OIpPENEIEHUs KOOpAUHAT OAHOW TOYKU. [lockonbky mpu
M3MEpPEHUH yIJia ompenessieMas Touka MOXKET pacrojaraThecsi JM00 B BepIIMHE yria, Ju0o Ha
KOHIIE OJJHOM M3 €r0 CTOPOH, TO C TOYKH 3pEHHUS MAaTEMaTUKU Ha IJIOCKOCTU UMEKT MECTO TPHU



Pa3HBIX U3MEPEHHUsI, KOTOPhIE HA30BEM 3JIEMEHTApPHBIMU. DTHU TPU AJIEMEHTApHBIX U3MEPEHUS
JeKaT B OCHOBE OOJBIIMHCTBA CIOCOOOB OMpPENENICHUS NPSIMOYTOJbHBIX KOOPAMHAT TOYEK
MECTHOCTH.

1. N3mepeHue ropu3oHTAJIBLHOIO yriia [ ¢ BepIIMHOW B HMCXOJAHOM IYHKTe A
MEXK1Yy HANpaBJIeHHEM Ha JApPyrod HCXOAHbIH NYHKT B W HanpasjeHuemM Ha
onpenaeasiemyio Touky P (puc. 25).

VYpaBuenue nunuu AP, Ha3pIBaeMOl TUHUEH MTOJIOKEHUS TOUKHU P, uMeeT Buj

(Y _YA) =(X- XA) ‘Qa,
rae o — AMPEKUMOHHBIN yron quHud AP, a=a,; + [ ; 0ap— AMPEKLUOHHBIN yroi
TuHUU AB, BBIMHCIIIEMBIN U3 PEIICHHUS 00paTHON T€0Je3MUECKON 3aaul MEXK1y ToukaMu A u
B; X, Y — koopauHatel 110001 Touku JuHUA AP, B TOM uncie u Touku P.
N3 onnoro ypaBHeHus (1) ompenenuth cpady JaBa HEM3BECTHBIX X U Y HEBO3MOXKHO,
CJIEIOBATENILHO, OJTHOTO M3MEpPEHUs yria [3 HeIOCTAaTOYHO JJIsi ONPEICICHHS JBYX KOOPIUHAT
TOUKH P,

OAB B X B

0 Y o Y

Pucynok 25 — I[lepBoe anementapHoe usmepenue Pucynok 26 — Bropoe snemMeHTapHOE U3MepeHHe

2. H3MepeHue paccTOsSHHSI S MeXKAy MCXOJHBIM MYHKTOM A H omnpeaenasieMoil TOYKOii
P
OKpy>KHOCTB C IIEHTPOM B MyHKTe A U paguycoM R = S (puc.26) HazbIBaeTCs JTUHUEH
MOJIO’KEHHUS TOUKU P ; ypaBHEHUE 3TOI OKPYKHOCTHU UMEET BU]L
(X=X +(Y =Y)* =8 ;
3nech X M Y — KOOPAMHATHI JIFOOOH TOYKH OKPYKHOCTH, B TOM YHUCIIE€ U TOUKHU P.
W3 ogHoro ypaBHeHus (2) ompenenuTh cpa3y JBa HEU3BECTHHIX X U Y HEBO3MOXKHO,
CJIEIOBATENIbHO, OJHOTO M3MEPEHHs pACCTOSHUSA S HENOCTATOYHO Ul OINpPENEICHHS ABYX
KOOPIAWHAT TOYKH P.

3. H3mepeHue ropu3oHTAJIBLHOIO yrjia [ ¢ BepuidHoii B onpeneisieMoii Touke P
Me:KI1y HallpaBJIeHUSIMH Ha /IBa HCXOAHBIX MyHKTA (puc.27).
YpaBHEHHE OKPYKHOCTH, TPOXOASAIIEH yepe3 Tpu TOUkH A, B u P, nmeer Bun

(X =X)?+(Y =Y.)? =R%. (3.1)
B sToMm ypaBHeHuu R — paaunyc okpy>XKHOCTH, BBIYHCIIIEMBIH 110 popMmyIie
b
R=——.
2-Sinpg

KoopauHnats! ieHTpa OKpY>KHOCTH MOKHO BBIYUCIIHUTD, PEILIUB, HAIPUMED, TUHEHHYIO
3aceuky ¢ nyHKToB A u B Ha Touky C .



Y

Pucynok 27 — TpeTbe 371eMEeHTapHOE U3MEPEHUE

Ecnu moncraButh B ypaBHenue (3.1) 3nauenus Xc, Yo W R, To momydutces cioxHOe
YpaBHEHUE BTOPOM CTENEHU OTHOCUTEIBbHO HEWM3BECTHBIX X M Y. M3 OIHOro ypaBHEHHUs J1Ba
HEU3BECTHBIX HAUTH HEBO3MOXKHO, CJIEI0BATEIBHO, U3MEPEHHS OJTHOTO yriia B Ha omnpenenseMon
TOYKE HEJOCTATOYHO JIJIsl OTIPECICHUS ABYX KOOPIAUHAT 3TOM TOUYKHU.

Jns OJHO3HAYHOTO ONpENeNeHUs] JABYX KOOPJAMHAT TOYKM P HYKHO BBINOJHUTH
U3MEpeHHe JByX »dJieMeHTOB. KomuuyecTBO KOMOMHAnui W3 TpEX MO JBa PaBHO IIECTH;
KOMOMHAIIMM ABYX SJEMEHTAPHBIX HM3MEPEHUN MM OIpeneieHHs KOOpAWHAT OJHOW TOYKHU
HAa3bIBAIOTCS T'€0/IE3MUYECKUMHU 3aCCUKaAMHU.

1. W3mepsitoTcss OIMH yroi U OJHO paccTosHue; 00a U3MEpPEHUs BBIOJHSAIOTCS Ha
IYHKTE A, — IOJSIPHAS 3aCEeYKa;

2. W3mepstoTes 1Ba yriia; OOUH YroJl U3MEpseTcs Ha IyHKTE A, IpYroi - Ha IyHKTe
B, - npsimas vrioBas 3aceyka;

3. W3mepsitoTes 1Ba pacCTOSHHUA; OJHO PAcCTOSHUE - OT IYHKTa A 10 NMyHKTa P,
JIpyroe — or nmyHkra B 1o nyHkra P, - 1uHeiliHas 3aceyka;

4. W3mepsirotes aBa yria; o6a U3MepeHHsl BBINOJIHIIOTCA Ha Touke P; ogun yrom —
MEX/ly HalpaBJICHUSIMH Ha MUCXOJAHbIE MYHKTHI A U B, napyroil — Mexay HampaBlIeHUSMHU Ha

HCXOJHBIC ITYHKTBI B u D, - OﬁpaTHaﬂ YIJjoBas 3aCCUYKa.
IIsras m mecras KOM6I/IHaHI/II/I Ha3BaHUM HE HUMCIOT U AL ONPCACIICHUSA KOOpAWHAT
TOoukHu P He MMPUMCHATOTCH.

IHonspHasn 3ace4yka

B mosApHON 3aceuke HCXOOHBIMU JaHHBIMHU SIBJISIFOTCS KOOPAMHATHI IyHKTAa A M
JUPEKLIUOHHBIA yrol « ,, HampasleHUs AB (eciu AUPEKLHOHHBIA Yroll « ,, HE 3a/1aH, HYKHO
pemuTh OOpaTHYIO T'eOJe3UYECKYI0 3a/auy MEXJIy NyHKTaMM A U B U BBIYUCIUTH €r0);
U3MEpSEMBbIMU JITaHHBIMM SIBJISIFOTCS. TOPU3OHTANBHBIM yroia [ (cpeaHsisi KBaJpaThyecKas

ommbKa M3MEpPEHUs yria m,) W paccrosHue S (OTHOCHTENbHAS OIIMOKA HW3MEPEeHHS

mg 1
paccTosIHUs —> = — ); ONpeesieMble JaHHbIe — KoopAuHATel X ,Y Toukm P.
S T 2 b

['paduueckoe pelieHue.

Caauana Ha yepTexe (TIaHe) Hy)KHO TTOCTPOUTh CHCTEMY KOOpPJIWHAT U HAHECTH TOYKH
A 1 B 110 X U3BECTHBIM KOOpJMHATAM; 3aT€M HYXXHO COCTMHHUTh TOUKUA A U B mpsimoli JuHMEH,
oT TMHUK AB OTJIOKHUTH TIO 4aCOBOM CTpeNKe Yyroi 3 U MpOBECTH JMHUIO MOJIOKEHUS TOUYKH P.
3adukcupoBaTh Ha LUpPKYJIEe paccTosHME S B MacmTabe ueprexa (IUlaHa) W TPOBECTH
HEOOJIBIIIYIO IYTY PaINyCcoOM S; TOUKa MePeCceUeHUs JIMHAN U JIyTH SABJSETCS HMCKOMOM Toukoi P
(puc.28).
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Pucynok 28 — Cxema nosisipHO# 3aceuKu
Ananumuyeckoe pewienue

Beruucnum aupekunoHHslil yron Hanpasinenuss AP «a,, =a,, + [ n 3anumeMm aBa

YpaBHEHHsI, COOTBETCTBYIOIUE JBYM 2JIE€MEHTApPHbIM U3MEPEHUSAM: YpaBHEHHE IPSIMOM JIMHHH,
NPOXOJALIEH Yepe3 TOUKy A B 3aJaHHOM HamnpapieHuu AP, 1 ypaBHEHHE OKPYKHOCTH paJicoM
S ¢ ueHTpoM B Touke 4
ANropuUTM pelIeHus NOJSPHON 3aCEYKH B KPATKOM BHJIE:
- BBIUUCIIUTh JUPEKUMOHHBIN yron iunun AP o, =a , + f;
- BBIUUCIIUTB Npupaienus koopaunar: AX =S-Cosa ,,; AY =S-Sina
- BBIUMCIIUTh KOOPJMHATHI TOUKH P: X,=X,+AX; Y,=Y,+AY,;
m2
- BBIYUCIUTD OWKMOKY MONoXKeHus Touku P: M} =m; +S* -—f ; p=206265”.

[Tpumep pelieHus NOISPHON 3aCEUKH NPUBEAEH B TabnuLe 4.

Tabnuna 4 - Pemenue nosspHoi 3aceyku

Ne n/m O0o03HaueHUs Brrancaenus
3 OAB 304° 07° 08”
4 B 34 12 30
6 oap 338 19 38
6’ AP (mecaTuuHas 338. 327 222

opma)
7 Sin aap —0. 369 305
8 Cos aap + 0. 929 308
5 S (m) 1 000.00
1 Xa (m) 6 642 000.00
9 AX =S -Cosa + 929.31
11 Xp 6 642 929.31
12 Yp 7 374 630.70
10 AY =S-Sina - 369.30
2 Ya (M) 7 375 000.00
13 Mp (m) 0.17

IIpsimasi u oOpaTHasi reoie3MYecKue 3212494

B reonesuu ecth ABE CTaHIApTHBIE 3aauu: MpsiMasi Teoie3nuecKast 3a1a4a Ha IUIOCKOCTH
U o0paTHas reojie3ndeckas 3ajada Ha MI0CKOCTH.
[Tpsamas reoneszndeckas 3agada - 9TO BbIUMCICHHE KOOpAUHAT X,, Y, BTOpPOro IyHKTa,

€CJIM U3BECTHBI KOOpAMHATBI X |, Y, mepBOro myHKTa, JUPEKLUHMOHHBIA Yrol « W AauHa S

JIMHUH, COSTUHSIONICH 3TH TTYHKTBI.
[Ipsimas reope3ndeckast 3afada SBISETCS YACTHIO MOJIIPHOM 3aceUKH, U (DOPMYIIBI TS €€
pemieHus: 6epyTcst U3 Habopa GopMyIr ISt penieHUs MOISIPHON 3aCEUKH




X,=X,+S Cosa,
Y, =Y, +S-Sina .
OOparHas reoje3nyeckas 3ajada - 3T0 BEIYMCICHUE JUPEKIIMOHHOTO yria ¢ U JUIMHBL S
JVHUM, COEIUHSIIONIEH ABa IIyHKTA C U3BECTHBIMU KoopAauHaTamMu X .Y, u X,,Y, (puc.29).

Pucynok 29 — Cxema obpaTHOU reofie3ndeckoii 3a1aun

[Toctpoum Ha oTpe3ke 1-2

KaK Ha THUIIOTCHY3C HpHMOYFOHBHBIﬁ TPEYIrOJIbHUK C
KaTeTaMu, IapaJlICJIbHBIMH OCAM KOOPAWHAT. B sTtom TPECYIrOJIbHUKEC T'HIIOTCHY3a paBHa S,

KaTeThl PaBHBI IIpUpaIleHusIM koopauHar Touek 1 u2 (AX =X, -X,; AY=Y,-Y,), a ogun
U3 OCTPHIX YIJIOB paBeH pyMOy » JuHHH 1-2.

Ecim AX #0 u AY #0, TO TpeyrojibHUK peliaeTcs o U3BECTHBIM popMyiaM

S =(Aax) +(AY)’;
v
=

HaxOJINUTCs BO BTOPOM YETBEPTH,

1gr =

Jlist naHHOTO PHUCYHKA HAampaBlieHWe JTWHUM -2
MO3TOMY

u r=arctg

a=180"—r.
OOmmii MOpSAAOK HAXOXKICHHUS JUPEKIIMOHHOTO yIyia JIMHUU 1-2 BKIIOYAaeT JBE
OTepalyu:

- OIIpe/eNIEHHe HOMepa YEeTBEPTH 110 3HaKaM NpHUpanieHui koopauHat AX,AY ;
- BBIYMCIIEHUE JUPEKIMOHHOTO yriia Mo (opMyjaM CBS3U JIUPEKIMOHHOIO yria u
pyMOa B COOTBETCTBUU C HOMEPOM UETBEPTH.

KOHTpOJ’IGM MMPpaBHUJIbHOCTHU BEIUMCIJICHUH SIBIISICTCS BBITTOJIHEHHE PaBCHCTBA

AX _AY
Cosa Sina '
Ecin AX =0, 1o S =|AY],

a=90" mpu AY >0;
a=270° npu AY <O0.

Ecimm AY =0, 10 S=|AX|,

a=0° mpu AX >0;
a=180° mpu AX <O0.

Jnis pemienus oOpaTHOM 3a1a4u B aBTOMAaTHYECKOM pexxuMe (B mporpammax ais 9BM)
UCIIOJIB3YETCS  JPYrOM  aJrOpHUTM,

HE COJEpXallii TaHreHca yria W HCKIFOYArOITui
BO3MOXHOE JesieHue Ha HOJb ipu AX =0

S =J(AX)* +(AY)?,

a= arcCos[ﬁj ,
S



ecth AY>0,10 ao=a;
ecmn AY <0, to a=360"°—a.

Tabmuma 5 — Pemennie o6patHoii reone3ndeckoit 3agaun (1-i anroputm)

No n/m O6o3HayeHUs Brruucnenus
3 Xg (m) 6 642 841.24
1 Xa 6 642 000.00
5 X — Xa + 841.24

13 b= (5)/(11) 1499.78
11 Cos a + 0. 560 910
7 tgr 1. 475 952
8 I (mecstuunas popma) 55. 881 229
8’ r (Y ygeTBepTh) 55° 52’ 527
9 a=360°—r 304° 07’ 08~
10 Sin a —0.827 877
12 b =(6)/ (10) 1499.78
4 Ys (m) 7373 758.37
2 Ya 7 375 000.00
6 Ys—Ya — 1241.63
14 (Xg — Xa)* 707 684.7
15 (Yg—Ya) 1541 645.0
16 b% = (14) + (15) 2 249 329.7
17 b=+(16) 1 499.78
Tabnuna 6 — Permenne oOpaTHO# reoe3ndeckoil 3agaun (2-i aropuT™)

Ne /i O6o03HaueHus Brpruncienus
3 Xs (m) 6 642 841.24
1 Xa 6 642 000.00
5 Xg — Xa + 841.24

11 Cosa’=(5)/(10) + 0.560 909
12 a’ (necstuuHas popma) 55. 881 316
12’ a’ 55° 52° 53”
13 o =360° - a’ 304° 07’ 077
4 Ys (m) 7373 758.37
2 Ya 7 375 000.00
6 Ys—Ya — 1241.63
7 (Xg — Xa)° 707 684.7
8 (Ys—Ya) 1541 645.0
9 b? = f14) + (15) 2 249 329.7
10 b= (16) 1499.78

CHayasia pacCMOTPHUM TaK Ha3bIBa€MbI OOIIMI ciryyall psIMON YTJIOBOW 3aC€UKH, KOTAa
yriel 3, 1 3, U3MEPSIOTCS Ha JBYX IyHKTaX C U3BECTHBIMU KOOPJMHATAMU, KaX bl OT CBOETO
HaIpPaBJICHUS C U3BECTHBIM AUPEKIMOHHBIM yrioM (puc.30 ).

IIpsimas yriioBasi 3ace4yka

Hcxonneie nannwie: X .Y, 0,0, X5, Yy, 0,

M3mepsiemble 37eMeHTh: f3,, 3,

Hewnspecturie anementsl: X,Y Toukm P .

Ecmn o, wnn «y, He3agaHbl IBHO, HY’)KHO PEIIUTh OOPaTHYIO Me0JIe3NUECKYI0 3a1a4y

cHavyayia Mexxay myHktamMmu A u C u 3aTteM mexay nyHktamu B u D .
I'paghuyeckoe pewenue. Ot HanpaBineHuss AC OTIOXKUTH ¢ TMOMOIIBIO TPAHCIOPTHPA

yroa [, u npoBectu npsamyto tuHuio AP; ot HanpaBnenus BD otioxuts yron £, u npoBectu

npsMyto TuHUI0 BP ; Touka mepeceueHus STUX MPSMBIX SBJISETCS HCKOMOW Toukoi P.




Pucynok 30 — OOuwmii ciyuaii npssmMoit yrioBoil 3aceukun  Pucynok 31 — YacThslii ciydaid 11Y3

Ananumuyeckoe pewenue. IlpuBeneM anroput™, COOTBETCTBYIOLIMI 00LIEMY Cllydaro
3aCEUKHU:

1) BermcnuTh Tupeknnonusle yribsl mnauid AP (o) n BP («,)

oy =+ a, =y + P,
2) HanucaTh J1Ba ypaBHEHUS NPSIMbIX JTUHUM
g muaun AP Y=Y, =tgo, - (X —-X ),
g nuaun BP Y=Y, =tga, - (X — Xy );
3) pemnuTh cUCTEMY JIBYX YPaBHEHHMH U BBIYMCIUTh HEM3BECTHbIE KOOPAUHATHL X,Y
X=X+ (Y -Y,)-(Xp—X,) 182, ’
iga, —1ga,
Y=Y, +(X-X,)1gc,.
YacTHBIM CiTydaeM MPSIMON YIIIOBOH 3aC€UKH CUMTAIOT TOT CiIy4aid, Koraa yrisl B, u [,

u3MepeHsl oT HanpasieHuit AB u BA, npuyem yron [, - nmpassli, a yron £, - eBblii (B o0meM

ciIy4ae 3aceuku 00a yria - JeBbie) - puc.31.

Permenne mpsiMoil yriaoBoW 3ace4Kd METOJIOM TPEYroJbHUKA COOTBETCTBYET YAaCTHOMY
ciry4qaro 3aceuku. [Topstok pemeHus mpssMOi YTIIOBOM 3aCEUKH METOJIOM TPEYTOJIbHUKA:

1) pemuts OOpaTHYIO 3adady MeXAy MyHKTamMH A u B U monyduTh TUPEKIIMOHHBIHI
yroi o ,, v ey b nuaun AB,

2) BBIYMCIUTD YTOJ ) TpH BepuuuHe P y=180° — (B, + ,);
3) ucrnonp3yst TeOpeMy CHHYCOB s TpeyronbHuka APB
b 5 5
Siny - Sinp, - N

BBIYUCIHUTH JUIMHEI cTopoH AP (S;) u BP (S,);

4) BBIUUCIIUTD TUPEKIUOHHBIE YINIBI &, U O,
_ 0 _ o].
o, =a, - B +360°] o, =ay, +B,|-360°];
5) pemuTh NpAMYIO 3a/Ja4dy OT MyHKTa A K Touke P U A KOHTpoJs - OT MyHKTa B k
Touke P ; 00a pelieHus T0KHBI COBIACTD.
Jns Bprurcnenus koopauHaT X,Y B 4aCTHOM cCilydae IMPSIMOM YIIIOBOW 3aCEUYKU MOKHO

UCMOJIb30BaTh popmyibl FOHra

X:XA-Ctg,B2+XB-Ctgﬂ1—YA+YB

Cigp, + Cigp,




Y= Y, -Ctgp, +Y, -Cigf, + X , — X, .
Cigp, + Cigp,

Ot obmiero ciy4asi MpsSIMOM YIJIOBOM 3aCEUKH HETPYIHO MEPEHTH K YaCTHOMY CIydaro;
JUISL 9TOTO HYXKHO CHayaJla PelInTh 0OpPaTHYIO re0Ie3nYECKYIO 3a7auy Mexay myHKkTamu A u B u
HOJTYYUTh JUPEKUUOHHBIA Yroll « ,, AMHUM AB M 3aTeM BBIYUCIUTB YIJbl B TpeyronbHuke APB
npu BepmmHax A u B

<BAP=a, —(a,,+p) un <ABP=(ay +p5,)—ay,.

Jliss MamIMHHOTO CuYeTa BCE PACCMOTPEHHBIE CIOCOOBI PEIICHHS MPSMOW yIIIOBOMN
3aCEUKU IO pa3HbIM IpUYMHaM HeyJoOHbI. ONMH U3 BO3MOXKHBIX aITOPUTMOB PELICHHUS 0OIIET0o
ciyyas 3aceduku Ha OBM npenycmaTpuBaeT clieyronme AeUCTBuUs:

1) BeIYMCICHHE TUPEKLMOHHBIX YIJIOB O, U «, ,

2) BBeJieHHE MECTHOU cucTtembl koopauHaT X'O'Y' ¢ HauaioM B MyHKTE A U C OCbIO
O'X', wHanpaBieHHOW BIOJb JWHUUM AP, nepecuer koopauHart nyHKToB A u B n
JIUPEKIMOHHBIX YIIIOB &, U ¢, u3 cucteMsl XOY Bcucrtemy X'O'Y' (puc.32)

1 _ . U _ . ' . " .
X',=0;, Y',=0; a''=0; ad,=a,—-aq; P
X=X, —-X,) Cosa, +(Y, =Y, Sina,;

. .
Y',=—(X;-X,) -Sina, + (Y, =Y,) Cose,.

Pucynoxk 32 — IIpsiMas yrioBas 3aceuka B cucteme koopaunar X'O'Y'

3) 3anuck ypaBHenuit nunuii AP u BP B cucteme X'O'Y"
Y'=0,
Y'_Y'B = tga'z'(X'_X'B )
Y COBMECTHOE pEUIEHUE ITUX YPABHEHUN
X'=X",-Y',Ciga,,
Y'=0; (3.2)
4) nepeBog koopauHat X' u Y' uz cucrempr X'O'Y' B cucremy XOY
X=X,+X"Cosa,,
Y=Y, +X"Sinca,.
Tak xak Ctga',=—Ctgy u yron 3aceuku y Bcerna 6ombme 0°, To pemenue (3.2)
BCEr/ia CyIECTBYET.

JIluHeiliHa"a 3acedyKa

B nuHeiHONW 3aceuke MCXOIHBIMU JAHHBIMHU SBIISIFOTCS KOOPAWHATBI NYHKTOB A U B;
U3MEPSIEMbIMU JIaHHBIMU SIBJISIFOTCS paccTosHus S, U S, (OTHOCUTEIbHAs OMIMOKA M3MEPEHHs

. m 1
paccTostHuA S == ); oTpefieNsieMble JaHHbIe — KoopAuHaTel X,Y Touku P.
s 17 ’



Pucynok 33 — Jlunelinas 3aceuxa

['paduyeckoe pemieHue.

CHavasia Ha yepTexe (IUIaHE) HYKHO MOCTPOUTh CUCTEMY KOOPJAMHAT U HAHECTU TOUKU
A u B 10 ux U3BECTHBIM KOOpAMHATAM; 3aTEM HYXKHO IPOBECTH JIBE OKPYKHOCTU C LIEHTPaMu B
TOUKax A u B, IepByI0 OKPYKHOCTb — paliycoM S, U BTOPYIO — pafiuycoM S,; OJHa U3 TOYEK
MIEPECEUCHHS ITUX OKPYKHOCTEH M SIBISIETCS MCKOMOW TOUKOW P; npyras Touka P’ siBisiercs
SBIISIETCS. BTOPBIM (IbTEPHATUBHBIM) BAPUAHTOM peIIeHHeM 3aceuku (puc.33)

AHaJIUTHYECKOE PpELICHUE JIMHEHHOM 3aceukd MOXET OBbIThb BBIIOJIHEHO IO JIBYM
aIropuTMaM: IMEpBbII M3 HUX MPEIyCMaTPUBAET pELICHHWE CUCTEMbl YpPaBHEHUH JABYX
WU3MEPEHHBIX PACCTOSHUN

2 2 2
X-X) +X-Y,) =S,

2 2 2
(X=X +(-Y;) =S,

VY 3TOH CUCTEMBI ypaBHEHUN HET IPOCTOrO PEIIEHHs B cucrteMe koopauHart XOY ,
MI03TOMY NPUXOIUTCS MPUMEHTHh CUCTEMY KoopauHat X'O'Y' ¢ HavaioMm B TOYKE 4 U OCBIO
O' X' , HanpaBJIEHHOM OT TOYKHU A BI0Jb JIMHUKU AB. B HOBOW crucTteMe KOOpAUHATHI TOUeK A u
B 6ynyT paBHBI

X', =0, Y', =0;
X'y=b; Y',=0;

Paccrostnue b, paBHOe uMHE NWMHUU AB, HaXxoAWTCS W3 pelIeHHUs OOpaTHOM
reoJe3NYECKON 3aaun MEXy TOUKaMu 4 u B; Ipu 3TOM BBIYMCIIAETCS TaKKE NUPEKIIMOHHBIN
yrosi o navuHUM AB.

VYpaBHEHUS IByX OKpPY>KHOCTEH B HOBO# cucteme koopauHaT X'O'Y' OynyT uMeTh BUJ

X?4+y? =87 ;
(X'-b)* +Y7*=5,".
CoBMecTHOE pelleHre ATHX JIBYX YpaBHEHUH MpeaycMaTpHUBAaeT PacKphITHE CKOOOK BO
BTOpPOM YpaBHCHHUHU U BEIYUTAHUC BTOPOT'O YPABHCHUSA U3 IICPBOTO

2-X'b-b*=S"-5,7,
OTKyIla
S -8, +b
2-b ’

Y'=+8° - X" .

Ecnu nckomast Touka HaXOIUTCs cIeBa OT JIMHUU AB, T0 B popmyre anst Y' HyxHO Opathb
3HaK “MUHYC”, €CJIM CIIpaBa, TO — 3HAK “‘TUIIOC .



ITepecuér koopaunat Toukun P u3 cucreMbl X'O'Y' B cuctemy XOY BbIIOSHAETCS MO
dbopmynam
X=X,+X"Cosa—Y"Sinc,
Y=Y, +X"Sina+Y"Cosa
OrnucaHHbId anropuT™M YJI0O0€H JUIsl COCTABJICHHS MPOrpaMMbl IPHU PEUICHUH JIMHEHHOM
3aceuke Ha DBM.
Anroput™ “pydHoro cué€ra’ MNpenycMaTpUBaeT pEUICHHE TpeyrojbHuka ABP mno
(dopMynaM IIaHUMETPHH:
- B TpeyroyibHuKe ABP 1o TeopemMe KOCHHYCOB BBIYUCIUTD YIJIbl B1 U 32
S?=b*+S}-2-b-S,-Cosp,
S =b*+S2-2-b-S,-Cosp,;
- BBIYMCIUTB YTON Y 3TOTO e TpeyronbHuka y =180° — (B, + f,);

- BBIUMCIIUTh JUPEKLUOHHBIE YIJIbl CTOPOH AP u BP:
Touka P cipaBa ot tunun AB

Ay = +
App =Ap, _ﬂz ;
Touka P cineBa ot aunuu AB

Ap =0, —pf,
Ayp =Ayy + s
JIUPEKIMOHHBI YrOJI 0Oag CIEAYET B3STh PaBHBIM YyINIy O W3 pelIeHHs OOpaTHOH
reo/e3uueckoi 3a/1au Mex Ty Toukamu A u B o, = a,; +180°;
- PELIUTD MPSIMbIE FE0E3MUECKUE 3a/1auH:
U3 MyHKTa A Ha Touky P
X=X,+S, -Cosa, ,
Y=Y,+8,-Sinex ,, ,
u u3 nyHkra B Ha Touky P
X=X+, -Cosay, ,
Y=Y, +S8, -Sina,, ;
pacxoxaeHne koopauHat X v Y 10 JBYM pelIeHUsSM He AO0JKHO mnpeBbimath 0,02 Mm;
- BBIYUCIIUTH OINOKY MOJ0XKeHUs Touku P o hopmyie

[ 2 2
l/}’lS1 +I’I’IS2

Siny

[Tpumep perieHus TMHENHHON 3aceuky pUBENEH B Tabmuue 7.

Hanomunanue:  Ilpu BeimonHeHun omeparmii 19 u 20 wckomsiii yron (B1 wim [B)
CIIeIyeT MEepPEeBECTH U3 NECSITUUHON (OpMBI B MOJHYIO (OPMY, OKPYIJIUTH JI0 LEJIBIX CEKYHH U
3aTeM yXKe 3amucaTh B TaOiauIy BeluMciaeHud. Ilepen BeimosHeHneM onepauuit 23 u 24 HyXHO
IEPEBECTH B AECATUYHYIO (hopMy Yrosl « ,,; Nepes BBIIOJHEHUEM onepanuil 25 u 26 HyXHO

M, =

IIEPEBECTH B AECATUYHYIO (opMy yron oy, .

Tabmuma 7 - Pemenne nruHeHHON 3aCEYKH

Ne i/t O003HaueHUsA Brruncnenus
(Touka P crupaBa OT
auHun AB)
S b (M) 1499, 78
8 S 1000, 00
9 S, (cripaBa) 1200, 00
10 b? 2 249 340
11 S, 1.000 000
12 S 1 440 000
13 b’ +S° - S;° 1809 340
14 2-b-S, 2 999 560
15 Cos By = (13) / (14) +0, 603 202




304° 07’ 08”

6 oAB
19 B, = arcos (15) 52 54 02
21 oap = (6) + (19) 357 01 10
1 Xa (M) 6 643 000, 00
23 S, -Cosa,, + 998,65
27 X, = (1) + (23) 6 642 998, 65
28 Y, =(2) + (24) 7374 948, 00
S, -Sin
24 J P ~ 52,00
2 A 7 375 000, 00
16 b +S,° —S,° 2 689 340
17 2-b-S, 3599 472
18 Cos B, = (16) / (17) + 0, 747 148
7 apa = opp = 180° 124° 07° 08”
20 B, = arcos (18) 41 39 22
22 agp = (7) — (20) 82 27 46
3 Xz (M) 6 642 841, 24
25 S, - Cosa, + 157,40
29 X = (3) + (25) 6 642 998, 64
30 Y = (4) + (26) 7 374 948, 00
S, -Sinag,
26 v + 118963
4 B 7 373758, 37
31 Y 85% 26’ 36
32 Mp (M) 0,16

OOpaTHast yrioBas 3ace4yka

K snemeHTapHBIM HM3MEpEHUSIM OTHOCUTCS M U3MEpeHue yrina pf

Ha OMpeIeaseMon

Touke P MCKAY HAIIPpaBJICHUAMHA Ha JIBA ITYHKTA A n B c u3BecTHBIMU KOoOpAuHaTaMu XASYA

u XB’YB . O,I[HaKO, 9TO U3MCPCHUC OKAa3bIBACTCSA TCOPECTHUYCCKU HOBOJIBHO CJIOKHBIM, ITO3TOMY

paccMoTpuMm ero otaenbHo. [IpoBenemM OKpyKHOCTh uepe3 Tpu Touku A, B, P. W3 MKOIBHOTO

Kypca T€OMETPUH HM3BECTHO, YTO YIrOJl C BEPIIMHOW HA OKPYXHOCTH H3MEPSAETCS IMOJIOBUHOU

YT, Ha KOTOpPYIO OH

OIMUpPacTCA.

u3MepseTcs Bcel Ayroii, cnenoBaTenbHo, OH OyzaeT paBeH 2/ (puc.34).

X

X
by

186}

B

IleHTpanbHBId YroJ, ONUPAOLIMNCA HA Ty XK€ YTy,

b,

1

R

Pucynox 34 - K Beruncinennio R u koopaunat I Pucynok 35 — OGparnas yrioBas 3aceuka

Paccrostnue b mexny nmyHkraMu 4 m B cuMTaeTcs U3BECTHBIM, U U3 IPSIMOYTOJIBHOTO
TpeyroyibHUKa FI]/B MOXHO HaWTHU paguyc R OKpPYKHOCTH




b

=—. 3.3
2-Sinf (3:3)
VYpaBHEeHHE OKPY)KHOCTH UMEET BH/T
(X =X.) +(Y-Y.) =R, (3.4)

rae X.,Y,. - KOOpIUHATBI LIEHTPA OKPYKHOCTU. X MOKHO BBIYHCIIUTD, PEIIUB THOO MPIMYIO
YIIJIOBYIO, THOO JIMHEHHYIO 3aceUKy ¢ MyHKTOB 4 U B Ha Touky []. B ypaBHenuu (3.4) X,Y
- KOOpAMHATHI JII000H TOYKU OKPY>KHOCTH, B TOM YHUCIIC M TOUKH P, HO JUI1 HaXOXJICHHS IBYX
KOOpJAMHAT TOYKM P OJIHOrO Takoro ypaBHEHMs HenoctarodyHo. OOpaTHOW yrioBo#l 3acedkoit
Ha3bIBAIOT CIIOCOO ONpenesieHus KOOpAUHAT TOUKH P 1o AByMm yriam [, U [3,, U3MEPEHHBIM
Ha ONpefeisieMONM Touke P MeXAy HanpaBJICHUsSIMH Ha TpU IyHKTAa C H3BECTHBIMHU
koopauHatamu A,B,C (puc.35).

Hcxonneie nannwie: X Y, XY, X, Y.,

H3smepsiemble aneMeHTs: 3, 5, ]

HewusBecTHble 351eMEHTBI: KOOpPAMHATHI TOUKU P - X,V .

I'paduueckoe pemenue. [IpuBemem  cnoco0 bonmoroBa  rpaduueckoro pemeHus
oOpartHo# yrioBoi 3aceuku. Ha mucre npo3payHoii Oymaru (KajabKd) HYKHO HOCTPOUTH YIJIbI
p, n f, c obumel BepmMHON P ; 3aTeM HAJIOXKHUTh KaJbKy Ha 4epTeX M, IepeMernas ee,

,I[O6I/ITBC$I, YTOOBI HaIlpaBJICHUA YTJIOB Ha KaJbKC NIPOXOAUITIN YCPE3 ITYHKTHI A,B,C Ha

YEepTEXKE; IEPEKOJIOTh TOUKY P C KaJbKU Ha YEPTEexK.

AHanuTHyecKkoe penieHue. AHAIUTUYECKOE pelIeHHe OOpaTHOW yYIJIOBOM 3acedku
npelycMaTpuBaeT ee pasjoKeHue Ha Oojiee TMPOCThie 3aJadyd, HANpPHUMEp, HA JIBE IMpsSMBbIE
YIJIOBBIE 3aCEUKU U OAHY JMHEHHYIO, WU Ha TpU JMHEHHBIX 3aceuku u T.4. M3BecTHO Oosee
JECATH CHOCOOOB AHANUTUYECKOTO pEIIeHHsl, HO Mbl PAacCCMOTPUM TOJBKO OJMH - 4epes
NOCJIEZI0BATEIbHOE PELLIEHUE TPEX JIMHEHHBIX 3acedek. [Ipeamnonaokum, 4YTO MOJIO0KEHHE TOUYKU
P u3BecTHO, M IPOBENEM IBE OKPYKHOCTH: OJHY paguycoM R, 4depe3 Touku A,B,P nun

Apyryto - paguycoM R, uepe3 touku B,C,P (puc.35). Paguycel 3THX OKpYKHOCTEH MOIYyYHM
o ¢popmyre (3.3)
R, = l.)1 : R, = 1.92
28inp, 28inp,

Ecnn xoopanHaTel LEHTPOB OKpYyXKHOCTeW (Touek [], m I],) OyayT H3BECTHBI, TO
KOOPJMHATBI TOYKH P MOXXHO OIpeeNuTh 10 (GOopMysIaM JUHEHHON 3aC€UKH: W3 TOYKH [[, 1o
paccTossHUIO R, ¥ n3 TOYkHu [{, - mo paccrosuuto R,. Koopaunarsel neHrpa [J, MOKHO HaWTH
no (GopMmyiaaM JIMHEHHON 3acedku U3 ToueKk 4 W B 1O pacCTOsSHUSIM R,, HpuUYeM M3 JBYX
pelleHnii HY)HO B3STh TO, KOTOPOE COOTBETCTBYET BeMuuHe yria f,; ecnmu 3, <90°, To Touka
I], maxoawutcs cnpasa oT nuHuM AB; eciu B, >90° , To Touka [], HaxomMTCA CilEBa OT
muaun AB . KoopanHatel neHTpa L], HaxoasaTces 1o popMysaM JIMHEHHON 3aCeUKd U3 ToUeK B u
C 1o paccTosiHUSM R, , U OJHO pEIIEHHE M3 ABYX BO3MOXHBIX BBIOMpPAETCs MO TOMY XK€
npasuiy: ecnmu B, <90°, To Touka ], HaxomuTcs crpasa oT quEuu BC, ecmu 3, >90°,
TO TOYKa [, HaxomuTcs cieBa oT nuHuu BC .

3amaya He UMEET pEIICHUs], €Cclau Bce 4eTblpe Touku A,B,C u P HaxoJsATcs Ha OIHOMN

OKPY’KHOCTH, TaK Kak o0e OKPYKHOCTH CJIMBAIOTCA B OJHY, U TOUKY HX IICPECCUCHUA YKA3aTb
HCEBO3MOXHO.

KomOuHMpoOBaHHbIE 3aCEUKH

B paccMoTpeHHBIX crocobax peleHusl 3ace€4eK KOJMYECTBO M3MEPEHHH MPUHUMAIOCh
TEOPETUYECKH MUHHMMAJIbHBIM (J]Ba M3MEPEHHs1), OOECIEUMBAIOIIMM IIOJIyYe€HHE pPe3yJsbTaTa,
OJIHAaKO, IIPA 3TOM HET KOHTPOJS NMPaBHIBHOCTH HM3MepeHui. Ha mpakTuke nius HaxOoXKIeHUs
KoopauHaT X ¥ Y OJHOHM TOYKH, Kak MPaBUIIO, BHITIOIHAIOT HE /IBa, @ TPH U 00Jiee N3MEPEHUN;
IIOHATHO, YTO B 3TOM CIIy4ae HOSBIIAETCS BO3MOKHOCTb KOHTPOJISI U3MEPEHHUH, U, KPOME TOTO,
NOBBILIAETCS TOYHOCTh pelleHus 3amaud. Kaxpoe m3mepeHue, BBOAMMOE B 3a7ady CBEPX



TEOPETUYECKH MHUHUMAIBHOTO KOJIMYECTBA, HA3bIBAIOT HM30BITOYHBIM; OHO IMOPOXKAAET OIHO
JOTIOTHUTEIbHOE pelieHne. ['eone3nueckue 3acedyku 0e3 H30bITOYHBIX H3MEPEHHM MPHUHSITO
HA3bIBaTh OJJTHOKPATHBIMH, a 3aCEYKHU C U30BITOYHBIMA H3MEPEHUSIMH - MHOTOKPATHBIMH.

[Tpy Hamuuuu H30BITOYHBIX W3MEPEHHM BBIYMCIEHHWE HEU3BECTHBIX BBIMOJIHSIOT IO
croco0y ypaBHUBaHUs. B HacTosiiiee BpeMsi allfOPUTMBI CTPOTOTO YPAaBHUBAHUS U3MEPEHUH B
Pa3IMYHBIX T'€OJE3MYECKUX MOCTPOCHUAX PEAM30BaHbl B MAIIMHHBIX Mporpammax Ha DBM;
JUTSL Py4HOTO cYeTa  OOBIYHO MPUMEHSIOT HECTporue (YMpOIICHHBIE) CIOCOOBI ypaBHUBAHUS.
YrpouieHHbl  coco0 ypaBHUBAHHUS KaKOW-TMOO MHOTOKPATHOW 3aceUKku (7 HU3MEpPEHH)
npelycMaTpuBaeT cHadaia (opMHpOBAaHME W pPEIICHHE BCEX BO3MOXKHBIX BapHUAHTOB
HE3aBUCUMBIX OJIHOKPATHBIX 3aceyeKk (Mx YUCJIO paBHO n—1), a 3aTeM - BBIUUCIICHUE
CpPeIHMX 3HAYEHUN KOOpAMHAT TOYKM H3 BCEX IOJYYEHHBIX pE3yJbTaTOB, €CIM  OHHU
pa3aryaTCs MEXIy co00l Ha JOMYCTHMYIO BETUYHHY.

OmuodKa noJIo:KeHHus TOYKH B OJHOKPATHBIX 3aC€YKax

[TonoxxeHnne TOYKM Ha IIIOCKOCTH MO JBYM M3MEPEHHUSAM IOJTYy4YaeTCsl B MEPECECUCHUH JBYX
JUHUA TI0N0KeHuA. 11 M3MEpeHHOro paccTosHUS S JIMHHEH TMOJO0KEHUS SBIIAECTCS
OKPY>KHOCTB pagyca S ¢ IIEHTPOM B HCXOJHOM NyHKTE A (puc.36-a); I U3MEPEHHOI0 yIjia
[ C BEpIIMHON B HCXOJHOM  TYHKTEe A - mpsiMasi TUHUS, MPOBEJIEHHAas MOJ YriaoM /[ K
ucxonHou ymHuM AB (puc.36-0).

A S+m&\
S
S —my P
A
a)

Pucynok 36 - JIuHus mosioxkeHus ¥ "moJioca mojaoKeHus" Touku P :
a) JUTsl ©'3MEPEHHOTO PAaCCTOSIHUS, 0) I U3MEPEHHOTO yria.

Benencteue ommbok M3MepeHHH HEOOXOIUMO BBECTH IMOHSATHE "TOJIOCA MOJIOXKEHUS'".
Jlns pacctostHust S, MUBMEPEHHOTO CO CpeiHel KBaJpaTU4ecKON OMMOKOW 7 - 3TO KPYroBOil

1oAC (KOJbIIO) IMUPUHON 2m ¢ MEXIY IBYMs OKPYKHOCTAMHU paguycamu (S —mg) u (S +myg);
Juis yria 3, i3MEPEHHOr0 ¢ OLIMOKOM ;- 5TO y3KHii TPEYrOJNBHUK € BEPLIMHON B TOUKe A U
YIJIOM OpU BepummHe 2my;. JIMHUA NOJOXEHUs TOYKH ABISETCA OChH) CHMMETPHH IOJIOCHI

nonoxxkenus (puc.37).
Beenem mnonsAtue "BekTop omMOKM M3MepeHHs" W 0003HauMM ero uepe3 V. Jlns
U3MEPEHHOTO PACCTOSHUS BEKTOP V, HampaBieH BJOJb JUHUU AP (IpsMo uiau oOpaTHO) H

MMEET MOAYIb Vg =My, I U3MEPEHHOTO yria BEKTOp V), HAlpaBieH MNEPIEHAMKYISIPHO

m
nuHUU AP (BJIEBO WM BIPABO OT HEE) U UMEET MOAYJb V 5= S. £ ,Tne S=AP.
yo,



Touka P, HaxoIAChb Ha INEPECEUYCHUU MABYX JIMHUM ITOJIOKEHUS, SIBISETCS LIEHTPOM
YeThIPEXYTOJIbHUKA MOJIOXKEHHs, OOpa3ylolerocs B IMEPECEYEHUU JBYX IIOJOC IOJOXKEHUS
(puc.37). OTOT »nEeMEHTapHBI YETHIPEXYTOJIBHUK MOXHO CUMTATh NApajuIeJOrpaMMOM, Tak
Kak B Ipe/erax HEro Ayr'M OKPYKHOCTEH MOYKHO 3aMEHHMTh OTpE3KaMM KacaTelbHbIX, a
pacxosIuecs: CTOPOHBI yIJIa - OTPe3KaMU MpPSMbIX, MapajuIeNbHBIX JHMHUU TOJIOKCHHS.
PaccrostHust OT Toukn P 10 TpaHul] YeThIPEXYTOJIbHUKA HEOJUHAKOBBI, YTO TOBOPUT O Pa3InyuU
OIIMOOK MOJOKEHUS TOYKH P TI0 pa3HbIM HAIPaBJICHUSM.

Pucynok 37 - UeTbIpEXYTOJIBHUK MOJIOKEHUS:
a) B TUHEIHOM 3aceuke, 0) B MPSMOIl YIJIOBOH 3aceUke.

JluHUM MONOXKEHUS JENSIT YeThIPEXYTOJbHUK MOJIOKEeHUs Ha 4 paBHbIe yacTu (puc.38),
KOTOpBIE Ha30BeM MapasleorpaMMaMHy OMMOO0K ¢ yriamu npu BepmmHax ¥ u (180° —y), rae

-y (180° —y) - yron Mexny BekTopamu ommbok V, u V.

Pucynok 38 — [TapamnenorpamMmsl OO0k

[TockonbKy BBICOTHI TAPAIIIEIOTPAMMOB OITMOOK YUCIEHHO PaBHBI MOJIYJISIM BEKTOPOB
vV, 1 V,, TO CTOPOHBI NapajlJIeI0rPaMMOB MOJIY4AIOTCSI [0 U3BECTHBIM (popMmynaM (puc.38)



_ . _ "
Siny Sind
Haubosnpiiee ykioHeHHE OT TOYKM P HMMEIOT [JBE IPOTHBOIOJIOKHBIC BEPIIMHBEI
napajieiorpaMMa TIOJ0XKEHHUS; JBE JPYrHe BEpIIUHBI MMEIOT HaWMEHbIIee YKJIOHCHHe. B
JTH00OM T'e0Ie3NIECKOM IMMOCTPOSHUH CYIIECTBYET TaK Ha3biBaeMoe "Hanbomee cnaboe MecTo"; B
9TOM MECTe OIMIMOKa KaKoro-aubo 3eMeHTa uMeeT Haubolblnee 3HaueHue. Kak mpaBuiio, Juis
00001IEeHHONM XapaKTePUCTHKU TOYHOCTH JAHHOTO IOCTPOCHHUS Oepercss 3HaueHUEe ONIMOKHU
UMEHHO B 3TOM HamOoJjee ciaboM Mecte. B COOTBETCTBHM C ITUM MPUHIUIIOM 32 OIIHOKY
MOJIOKEHHUS TOYKH P MOXHO MPUHATH JJTUHY OOJIBIION IUaroHaly mapauiejorpaMmma omuooK

d’ =a* +b* +2ab-|Cosy|

a

(3.5)

uim ¢ yuetom (3.5)

2 2 C
5 , v, v, +avy, | os;/|
M, =d = .
. 2
Sin“y
Ommbka NONOXKEeHUst TOUKU M, - 3TO CKaJApHAs BEJIMYUHA, IOKA3bIBAIONIAs CPEHEe
KBaJ[paTUYECKOE OTKJIOHEHHE 110 Pa3HBIM HAIPABJICHUSM BBIYUCICHHOTO MOJIOKEHHUST TOYKH P

OT €€ HUCTHUHHOTIO ITOJIOXKCHUA
2 2
2 v, +vVv
M, =a’+b* =——>;
Sin“y
W3 3Toii GopMyIlibl JIETKO MOJYYarOTCs HM3BECTHBIC (OPMYJIBI ISl OICHKH TOYHOCTHU
000 OJTHOKPATHOM 3aCCUKH:

m
- momspHas 3aceuka: v, =mg; v, =S8-—2;  y=90";
P
m 2
2 2 2 B .
M, =mg +8° - —
P
m, m,
- mpsMas yriioBas 3aceuka: v, =S, -——; v, =S, —;
P P
2 2 2
2 _ mﬂ S1 +S2 .
My =—"
P Sin~y
- JMHCHHAs 3aceuKa : Vv, =My ; v, =myg |
2 2
2 Mg g
M, =———F"
P )
Sin“y

- oOpaTHas yrioBas 3aceyka:
B or1oii 3aceuke mpaBas yacTb (OPMyJIbI OLIMOKM TMOJIOKEHUSI TOYKM P J0KHa
COJIEpKaTh TPHU CIIAracMbIX:
- 32 OIUIMOKY JINHEIHOM 3aCEUKU TOUYKH [, ¢ UCXOJIHBIX IYHKTOB A U B,

- 32 OIIMOKY JINHEIHOM 3aceuKku TOUKH [, ¢ UICXOOHBIX MyHKTOB B u C,
- 3a OIIMOKY TMHENHOM 3aceuku Toukun P ctouek [{, u I],.

{11 MHOTHX CiIy4aeB IPAaKTUKHU JOCTATOYHO CYUTAaTh, YTO MCTHHHOE MOJIO)KEHUE TOYKHU
P waxomurcsa BHyTpu Kpyra paguyca M, ¢ uneHtpoM B Touke P . B crporoii teopuun

pacCMOTPEHHbIM KpuUTepuil Has3bIBaeTCs paauanbHOil ommoOkoil. Kpome Toro, B 3TO# Teopuu
IMPUMEHSIOTCSL U 0oJiee CIIOKHbIE KPUTEpUH, Takue Kak '"dyuunc omubok" (kpuBas 2-To
nopsijika), "mozaepa sunca omuook" (kpuas 4-ro mopsiika) U Aap.

ITpu xonmmvecTBe U3MEpEHUN 7 >2 (MHOTOKpaTHBIE 3aCEUKH) TOUKa P moiy4aeTcs B
[IEPECECUCHUN 7 JIMHUM IOJIOKEHUS, COOTBETCTBYIOIIMX YPaBHEHHBIM 3HAYCHUSAM HU3MEPECHUM;
MOJIOCHI TIOJIOKEHHMSI, TePECEKasICh, O0Pa3yrOT 7 -yroJbHUK. OmuoOKa MoJ0KeHUsT TOYku P
OyIeT ompeneNnaTbcs PacCTOSHUEM OT TOYKH P 10 caMoli yIaleHHONH OT Hee BEPUINHBI ATOTO
MHOT'OYT'OJIbHUKA.



OIIPEJIEJIEHUE ITPSAMOYT' OJIbHBIX KOOPJIUHAT ITYHKTOB JIMHEWNHO-
YI'JIOBBIX XO10B

Kunaccnduxanus TuHeHHO-YII0BBIX X010B

OnpeneneHue JMHEWHO-YIJIOBOIO XOJa MOXKHO JlaTh Kak C IO3ULIUH Te€OMETPUHU
(JIuHEHHO-YTJIOBOM X0 — 3TO JIOMaHas JIMHUA, B KOTOPOW WM3MEPSAIOT UIMHBI CTOPOH M YTJIBI
MEX1y HUMH), TaK U C MO3ULUNA METO/a OMNPEIENICHUs KOOpAMHAT MYHKTOB XoJa (JIMHEHHO-
VIJIOBOM XOJ — 3TO IOCJENOBATENbHOCTh MOJSIPHBIX 3aceyek); o0a ompeaesieHus: SBISIOTCA

BEPHBIMU U JOMNOJIHSIOT OJHO JAPYroe€.

Knaccudukanuio IMHEHHO-YIIOBBIX XOJOB MOKHO

IIPOBECTH MO JBYM IapameTrpaM — [0 F'€OMETPUUYECKUM XapaKTEPUCTUKAM XOJa U 10 TOYHOCTHU
BBITIOJIHSIEMBIX B X0J1€ U3MEPEHUM.
B 3aBucumocTu ot GopMbI X0/1a Pa3IUYaIOT:
- CTaH/IapTHBIN Pa30MKHYTBINA JIMHEUHO-YIIIOBOM X011 (puc.39-a);
- PA30MKHYTBIN X0J1 C YaCTUYHOM WJIM MOJIHOW KOOPJAUHATHOM MPUBS3KOM;
- CTaHJAPTHBIN 3aMKHYTBIN JIMHEHHO-YTI0BOM X011 (puc.39-6);
- BUCSYUU JTMHEUHO-YIJIOBOM XOL;
- CBOOOIHBIN JIMHEHHO-YTIIOBOM XOJI.

Pucynox 39 — HekoTopsle cranaapTHbIe (POPMbI TMHEHHO-YTIIOBBIX X0/10B

B 3aBucuMocTH OT TOYHOCTHU PI3MCpCHPIﬁ YIJIOB U paCCTO}IHI/Iﬁ J'IHHGfIHO-yFJ'IOBBIC XOJbI
ACIIATCA Ha ABC I'PYHIIBI — TCOAOJIUTHBIC XOAbI U MTOJIUTOHOMETPUICCKUE XObI.

TeogonuTHBIE XOIbI

ObIBalOT 1-rO,

2-to " 3-to

paspsgoB  (tabnmma  8).

Taomuma 8
Pazpsin xoma Cp.xB.omIu. U3MEpEHUS OTtHocuT.o11. u3Mep.
yTJIOB CTOPOH
1 10 307 1/1000




2

10 30”

1/2000

3

1o 30”

1/3000

[Tomuronomerpuueckrue Xonbl B CETSIX CrylieHHs ObIBalOT 4-To Kiacca, 1-ro m 2-1o

paspsnoB (Tabnuma 9).

Tabmuna 9 - OcHOBHBIE XapaKTEPUCTUKU TMOJIMTOHOMETPUUECKUX CeTel CryIieHus
(cormacuo [Mucema I'YI'K CCCP N: 1-1052 ot 11 Hosi6pst 1987 rona)

[TokazaTenu 4-if kmace 1-# pazpsng 2-11 paspsn
[IpenenbHas nanMHA B KM 8 mpu n = 30 10 mpu n =50 6 npu n = 30
OTJIEIILHOTO xo0/1a npu 10 mpu n = 20 12 mpu n = 40 8 mpu n =20
U3MEpPEHUH JTUHUN 12opun=15 15 mpun=25 10 mpu n = 20
CBETOAAIbBHOMEpaMu B 15 mpu n =10 20 mpu n =15 12mpun= 8
3aBUCHUMOCTH OT 4YMCJIa CTOPOH 20mpun= 5 25 npu n =10 l4nmpun= 6
[IpenenbHass ngnMHA B KM
OTJENBHOTO xozta npu 15 5 3
U3MEpPEHUN  JIMHUA  JAPYyTUMU
METOITaMU
JlHa CTOPOHBI X0/1a BKM:

HayMEHbIIas 0,25 0,12 0,08
HanOOJIbIIAs 2,00 0,80 0,35
[TpenensHas OTHOCHUTEIIbHAs 1:25 000 1:10 000 1:5 000
HEBs3Ka X0Ja
Cpennsis KBaJIpaTHyecKas
omuOKa wu3MepeHus yriaa (Imo 2”7 5” 10~
HEBS3KaM XOJIOB)
Cpenuss KkBagparuyeckas | 10 0,5 km — 2 cm 1m0 1 km—3 cm 10 lkMm— 5 cm
omuOKa U3MEpPEHUs JUTHHBI oT0,5kMmo0 1kM —3cM | cBhIIe 1 KM —

cBbIme 1 kM — 1:30 000

1:40 000

B rocynapcTBeHHBIX Ie0/Ie3MUECKUX CETSIX MOJIUTOHOMETPUUYECKHEe XOJbl ObIBAIOT 1-TO,
2-T0, 3-T0O W 4-r0 KJIACCOB TOYHOCTH, OJHAKO, B COOTBETCTBHH C PEKOMEHJAIUSIMH HOBOM
MHCTPYKIIMM O TOCTPOEHUU TOCYAApCTBEHHBIX reoae3nyeckux cereil 2001 roma wuzganus
OCHOBHBIM CITOCOOOM CO3J[aHUsI TOCY/IApPCTBEHHBIX CETEH CTAHOBATCS CITYTHHUKOBBIE M3MEPEHUS,
a TIONMUTOHOMETPUYECKHE XOJAbl KJIACCHOM TOYHOCTH OyayT TMPUMEHSTHCS TOJIBKO B
re0/Ie3NYECKUX TTOCTPOCHUSX CIEIIMATIBHOTO Ha3HAYCHUSI.

[IpoekTUpoBaHKNE MOJUTOHOMETPUHU. Bce paboThl MO CO3MaHUI0 TEOJE3UUYECKUX CeTei
METOA0M MOJIMTOHOMETPUH BBIIOJTHSIOTCS 1o MPOEKTaM, COCTaBJIIEMBIM B
CHEIMAM3UPOBAHHBIX OTENaX TeOJe3UYECKUX NPEANPUITU HAa OCHOBE BceX OQUIIMAIBHO
YTBEPKIEHHBIX MHCTPYKIIHI, PYKOBOJACTB M IOCTAHOBJICHUH.

Jlns mpoBepkH Ha MECTHOCTH MPOEKTa, COCTABICHHOTO Ha Tomorpaduyeckoil Kapre,
BBITIOJTHSIFOT PEKOTHOCIIUPOBKY, KOTOpasi MPOU3BOAUTCS, KaK MPaBUiIo, B IBa dTara.

Ha nepBoM sTane ycTaHaBIMBaIOT HAIMUKE U3MEHEHUH, TPOU30ILEIINX HA MECTHOCTH C
MOMEHTa CO3/IaHMs TomorpaduuecKor KapThl, M, €CIH TaKOBBIC MPOU3OILIN, TO BBIICHIIOT HX
BIUSHUE Ha TMapaMeTphbl 3alpOCKTHUPOBAHHBIX pabOT; B cCiiy4ae HEOOXOJUMOCTH BHOCST
KOPPEeKTUBBI B TpoeKT. [IpoBepsieTcss B3auMHasT BUIMMOCTb MEXKIY COCEIHUMH ITyHKTaMHU
MOJIMTOHOMETPUYECKIX XOJIOB, OCOOCHHO 1O COMHHUTEIHHBIM HAMPABICHUSIM M Ha Y3JIOBBIX
TOYKaX CHCTEM XoJOB. IIpoBepstOT Hamu4yMe pPACTUTEIBHOCTH 110 HAIPaBIEHUSM XOJOB,
OTBICKMBAIOT OOXOJbl MPENATCTBUU W T.M. Kaxaplii XOJ MOJUTOHOMETPUU JOJIKEH OBITh
OTPEKOTHOCITUPOBAH TaK, YTOOBI BU3UPHBIN JIY4 TIPU U3MEPEHUSIX Mpoxoawt He Ommke 0,5 M oT
MPENSATCTBUMN.

Tpacca HamMe4eHHOro XOJa [OJDKHA OBITh YAOOHOW IS YIJIOBBIX W JIMHEHHBIX
U3MEpEHU, 0COOEHHO MPU MAPaAIAKTUYECKOM METOJIE H3MEPEHUS PACCTOSIHUN WITH C TIOMOIIBIO
JUTMHOMEpAa M MHBAPHBIX MPOBOJIOK. B ycrmoBHsX ropoaa cieAyeT y4YWUThIBaThb MHTEHCUBHOCTH
JBUKEHHS TPAHCTIOPTA, & B HEOOXKUTHIX pailoHaX — HAIMYKE MOAbE3/1a K MyHKTaM.

BTtopoii 3Tan peKorHOCITMPOBKH — 3TO MEPEHOC MPOEKTa B HATYPy ¢ BHIOOPOM Haubosiee
yIOOHOTO MeCTa JIJIsl KaXKI0T0 3aPOCKTHPOBAHHOTO MYHKTA. 31€Ch CIEAYET PYKOBOICTBOBATHCS




onpeneNEHHBIMU TTpaBUIaMu. Bo MepBbIX, MYHKTHl MOJMTOHOMETPUM JIOJDKHBI pacrojiaraThes
MPUMEPHO HA PABHBIX PACCTOSHUSX OAUH OT JPYIrOro; MECTO 3aKJIaJKU IYHKTa BBHIOMPAIOT Tak,
4T00BI 00ECIeYUTh WX JOJTOBPEMEHHYIO COXPAaHHOCTH (HENb3sl CTaBUTh IYHKTHI Ha MPOE3KeH
YacTH JO0POT, Ha 3aTOIUISIEMBIX MJIU CHIPBIX YYaCTKaX MECTHOCTH, Ha CBE)KEHACBIITAHHBIX TPYHTAX
u T.4. Creayer MOMHHUTh M O MpaBWJIaX TEXHUKH OE30MACHOCTH: HENb3s pacloyiaraTb MyHKTHI
OJIM3KO K JKENE3HbIM JIOporaMm, K JIMHUSIM OJIIEKTporepeaay, K IOCTOSHHO paboTalouuM
ME€XaHHU3MaM HU T. II.

Tunel nentpoB. Ha 3acTpoeHHBIX TEppUTOpUSAX, B HACENEHHBIX IIYHKTaX MW Ha
IPOMILIONIA/IKAX IYHKTHI CIEIYeT 3aKIaJblBaTh B ()yHAAMEHTHI M CTCHBI KalHUTAIbHBIX 3AaHUH
(OETOHHBIX WJIM KUPIUYHBIX) C TOMOIIbIO CTEHHBIX Mapok. [Ipu 3akiajke rpyHTOBBIX LIEHTPOB
HAJ0 YYMUTBHIBATh PACIOJIOKEHUE MOJA3EMHBIX KOMMYHUKAIMM M NEPCIEKTHBHYIO 3aCTPONKY
TEPPUTOPUHU.

BriOpannble MecTa 3akiaJIKM LEHTPOB OTMEYAIOT BPEMEHHBIMU IIEHTPAMHU: KOJBSMH,
METAIIMYECKUMHU IITHIPSIMH, COCTABIISIIOT a0pUCHI C MPUBS3KOW K MOCTOSHHBIM IIpeaMeTaM He
MEHEE YeM TpeMsl IPOMEPaMH.

LleHTpbl reose3nuecKkux MYHKTOB CIYXaT JUIsl TOYHOrOo O0O3HA4YeHHs] MecTa IMyHKTa U
JIOJITOBPEMEHHON €r0 COXPAaHHOCTHU. LIEeHTphl HMMEIOT pa3IMYHYI0 KOHCTPYKLUIO; KaKJas
KOHCTPYKIIUSI Ha3bIBAE€TCS TUIIOM IIEHTPA U MMEET CBOE 0003HAUYECHME, HAPUMEp TUM 5 T.p., 6
r.p. u 1.0. Tun meHTpa BbIOMpaeTCs B 3aBHCHUMOCTH OT (PH3HKO-TeOrpapUuecKuX YCIOBHMA
paiifoHa paboT, 0COOEHHO OT XapakTepa I'pyHTa U IIyOHHBI MpoMep3aHus (WM OTTauBaHUA), U
Ha3HaueHUs MyHKTa. L{eHTpbl M3TOTOBISIOT MO0 M3 OeToHa, MO0 M3 METAJUIMYECKHX TpYO,
3aMOJIHEHHBIX OETOHOM U 3alUIIEHHBIX OT KOppo3uu. B OeToHHbIE OJOKHM MM METaNInYeCKue
TpyOBbl 3a/I€BIBAIOTCS CIIEUUAIbHBIE YYT'YHHBIE MapKd, B CEpeAMHE KOTOPBIX HMEeTcs
nonyceprudeckuil BBICTYIl C OTBEpCcTHEM (WJIM TMPOCTO KPecT); LEHTP ASTOro OTBEPCTHUs
0003Ha4aeT TOYKY HA MECTHOCTH, KOOpPAMHATBI M OTMETKAa KOTOPOW ONpENeNsioTcsl B
JnanbHelmeM u3 u3MepeHuid. Ha mapkax wim Ha BepxHEl rpaHu OETOHHBIX OJOKOB CTaBSIT
HOMep NyHKTa. EcThb crhenuanbHble HOPMAaTHBHBIE JIOKYMEHTbl Ha 3aKpEIUIEHHE LEHTPOB
reo/Ie3NYECKUX IMYHKTOB Ha MECTHOCTH “LIeHTphl M pernepbl rocyJapCTBEHHON IeoAe3nYecKon
cetu CCCP”, “lleHTpbl Treone3MYECKUX IYHKTOB Ha TEPPUTOPUU TOpPOJIOB, IOCEIKOB U
NPOMBIIUIEHHBIX — IUIOWAA0K’, “PyKOBOACTBO 1O MNPUMEHEHUIO CTEHHBIX 3HAaKOB B
MOJIMTOHOMETPUYECKHUX U TEOJAOTUTHBIX X0/1ax .

KoHCTpyKIIuM LIEHTPOB Ha TEPPUTOPHUM TOPOJOB, IOCENKOB TOPOJACKOTO THIIA, Ha
IPOMIUIONIA/IKaX MAENATCS Ha JIB€ TPYMNIbL: A HE3aCTPOEHHBIX TEPPUTOPUN - TPYHTOBBIE
LHEHTPBI U IS 3aCTPOCHHON YaCTH - CTEHHBIE EHTpbl. OHM MpeIHa3HAYEeHbI KaK /I MJIAHOBBIX,
TaK M JJIs BBICOTHBIX CETEH; pa3pellaeTcsl TaKKe yCTaHABIMBATh I'€0J€3WYECKHE IYHKTHl Ha
KpBIIIaxX KanuTaJIbHBIX 3JaHUN.

[TynkTh! 4-r0 KIacca, 1-ro U 2-T0 pa3psAI0B 3aKPEIUIAIOTCS IEHTPaMu TUIa 5 r.p. u 6 T.p.
[TepBblif COCTOMT U3 JBYX OCTOHHBIX MOHOJHMTOB B BHJAE YCEUEHHOM YeTBIPEXTPAHHOM
NUpPaMUJIbl, TIOCTABJIEHHBIX OJWH Ha Apyroil (puc.40); Ha BepXHeW TIpaHM Kaxaoro OJoka
KpEMUTCS MapKa; HEHTPbl MAPOK JOJIKHBI HAXOJUTHCA HA OJHOW BEpTUKaIbHOUM JuHMU. LleHTp
TUMA 6 T.p. MIPEACTABISIET COOON OJIMH OETOHHBIN MOHOJIUT B BUEC YCEUEHHOU YETHIPEXTPAHHOM
MUPAMUJIBI C 33JIeIaHHON B HEr0 METaJNIMYecKoil TpyOoil; Mapka IEeHTpa KPermuTcs K BepxXHEi
YacTU TPYObI; HIXKHSSI YacTh TPYObI 3a/1€NbIBa€TCSl B OETOH U KPEHMUTCS IBYMsI METAJUTMUECKUM
CTEpPXKHAMU-IKOpsIMUA. Han 1eHTpoM ycTaHaBIMBaeTCAd YYTYHHBIM KOJIMAK C KPBIIIKOH U
OTIOPHBIMU OETOHHBIMHU KOJIBIIAMU WM KUPIUYHON KIIaJKOM.

LleHTphI, 3aKiabIBacMble B CTEHBI U (YHIAMEHTHI 3JJaHUN U COOPYKEHUH, UMEIOT THUIIBI 7
r.p. u 8 r.p. LlenTpsl 3akianpiBatotrcst Ha BeicoTe 0,5M — 1,0 M OT 3eMHOM OBEPXHOCTH

Ecnu mexny NyHKTaMU MOJMTOHOMETPUYECKHX XOJOB HET BHIUMOCTU C 3€MIIM, WIIU
IYHKTBI PacIioyaraloTcsl Ha KphIllax 3JaHUN, TO JUIsl oOecreueHus] BUJUMOCTH MIPU YTJIOBBIX U
JUHEUWHBIX M3MEPEHUSX Ha HEKOTOPbIX NYHKTaX YCTAHABIMBAIOT HAPYXKHbIE 3HAKU: TYp,
MPOCTYIO MUPaMUY, MUPAMUAY-IITATUB.

Typ — 3TO KaMEeHHBIHN, KUPITHYHBIN, OETOHHBIN WIH Ke1e300€TOHHBIN CTONIO BBICOTOM 1,2 M,
KOTOpBI BO3BOJAWTCS HaJ MapKoW IEHTpa; BU3UpPHAs 1LIeJb KPErmuTcs MO0 Ha ClelnuanbHON
nupamuie, 100 HEOCPEICTBEHHO Ha Type.

[TpocTeie mupamMuabl (TpEXTpaHHbIE, YETHIPEXTPAHHBIEC, METANINYECKUE WIIH JIEPEBSHHBIC) U
MUPAMHUIBI-IITATUBBI COOPYKAIOT HA IMMYHKTAX, C KOTOPBIX HAOIIOICHUS BBITOIHSIOTCS C 3EMIIH.
Ha Bpems nHaOnrofeHuii Ha NUPaMHUIBI-IITATHBBl YCTAaHABIMBAIOT BEXU JUISI MOJHATHUS
CTaHJApTHOM BU3MPHOM LENM Ha COOTBETCTBYIOIYIO BBICOTY C IIOMOIIBIO CIIELMAIbHBIX




TpyOUaThIX 3JEMEHTOB C pacTsbKKaMu. OCh BU3MPHOHM LENM JTOJDKHA pacroiararbcs Ha OJHOM
OTBECHOM JIMHUU C LIEHTPOM MapKH, B MPOTHUBHOM CIy4yae HEOOXOAMMO OMPEIENATh 3JIEMEHThI
PEAYKLIMU BU3UPHOM LIEIIH.

Ha xaxnaplii TOCTPOCHHBIM 3HAK COCTABIIETCS KapTOYKa THUIOBOM (OpPMBI; eciu
HE00XO0IUMO, TO OIIPEEIISIOTCS JIEMEHTHI IEHTPHUPOBKHU U PEILYKIIHH.

TexHuka 0e30MacCHOCTH MPHU NOCTPOHKE 3HAKOB W 3akjiajike HeHTpoB. [Ipu mpousBojactee
paboT MO MOCTPOMKE Ie0Ae3MYECKUX 3HAKOB JOJDKHBI MPUHUMATHCS HEOOXOJMMbIE MEpBI IS
coOnrofeHust TpeOOBaHMM TEXHUKU O€30MaCHOCTH KaXKIbIM UJIEHOM Opuraabl Ha BCexX
nporeccax. TpeOoBaHUsI MO TEXHUKE OE30MACHOCTH AJsl PaOOTAIONIMX B TOJIEBBIX YCIOBHSAX
n3noxeHsl B “TIpaBuiiax mo TexHuKe 0€30MacCHOCTH Ha Tormorpado-reoae3ndeckux padborax’.

Kpome nmocTpoiiku 3HaKOB CTpPOUTENbHBIE OpHUra/ibl BEAyT pa3inyHble padOThl, CBI3aHHBIC C
MIOCTPOMKOM: JIECO3arOTOBKY, IEPEBO3KY I'PY30B, MEPEe3abl HA PAa3JIMUHBIX BUJAX TPAHCIOPTA U
nemkoM. [loaTomy 00s3aTenbHBIM SBISETCS Takke COONIOIGHUE YKa3aHUH OTENbHBIX
JNEHCTBYIOIIMX CHENHMATbHBIX HWHCTPYKUUH U TpaBUJI IO TEXHUKE OE30MacHOCTH MpuU
JIECO3aroTOBKax, INPU HCIOJb30BAaHWU aBTOMOOWJIBHOTO, BOJHOIO, aBUALMOHHOIO U JIPYrHX
BUJIOB TpaHCIoOpTa, Npu paboTe B Tropax, 3a00JI0YEHHBIX pailoHax, B TECKax, IpH
UCTIOJIb30BaHUM PA3IMYHOIO CIEHUAIBHOTO 000pynoBanus (O6eH30mmi, OypOBBIX YCTaHOBOK,
3IEKTPOOOOpyIOBaHUA).

Jnsg  ycBoeHuss TpeOOBaHMH yKa3aHHBIX MpaBWI W MHCTPYKUUH Bce paOOTHHKH,
HaIpaBlisieMble Ha MOCTPOUKY T'€0/1€3MUECKUX 3HAKOB, JOJDKHBI MIPOUTH oOyueHue. Takas yuéba
IPOBOJIUTCS MO MporpamMMmaM Ha 0a3ax MapTHid WM HA MECTE MOCTPOMKH MEPBOTO IyHKTa CO
CTPOTOH MPOBEPKON YCBOCHUS KaXXAbIM PabOTAIOMIMM HEOOXOJUMBIX MPAaBUI U IPUEMOB padoT.
[IporpaMMbl COCTaBISIIOT B OKCHEIUIUAX C YYETOM MECTHBIX YCIOBHM pPabOTHI, BHUJIOB
TPAHCIOPTA, BHICOT 3HAKOB U T.J.

JIun, He npomenmux yuyédy U He CIaBUIMX SK3aMEHBbI, I0IyCKAaTh K padoTaM KaTeropuyecKu
3anperaeTcs.

Baxneiimum ycinoBueM coOJIOJCHHUS YCTAaHOBJIEHHBIX TPeOOBaHUI TEXHUKU O€30MACHOCTH
ABIIIETCSL CTpOrasi Tpy/aoBas quciuiuinHa. Hapyiienune TpeboBaHUi 10 TeXHUKE 0€30MacHOCTH
HEOIYCTUMO U JIOJKHO HEMEJIEHHO U CTPOT0 IIPECEKAThCA.

PykoBoauTeNb CTpOUTENBHOM Opurajsl 00s3aH MOAJIEPKUBATh HEOOXOAMMYIO B TOJEBBIX
yCIIOBUSAX OBITOBYIO M POU3BOACTBEHHYIO TUTHEHY U CAHUTAPHIO.

TOYHbIE UBMEPEHUS YI'JIOB
YerpoiicTBO, NOBEPKH U HCCJIEAOBAHNS TOYHBIX TEOJ0JIUTOB

B npouecce n3amepennii MOXKHO BBIJIETIUTh HECKOIBKO COCTABIISIOIINX:
- 00BEKT U3MEpEeHHUS,
- U3MEPUTEIBHBIN PUOOP,
- Habmogarenb (oneparop),
- METO/IMKa U3MEPEHUs, pean3yrolas JOCTUKEHHS TEOPUH,
- BHEILLIHUE YCJIOBHUS, B KOTOPBIX BBINOIHIIOTCS U3MEPEHHUS.

[Tpu nepexone k Oosiee TOUHBIM U3MEPEHUSAM MPUXOTUTCS, BO-IIEPBBIX, O0JIee TIIATEIHHO
TOTOBUTh OOBEKT HW3MEPEHHUs, BO-BTOPHIX, NOJAOMpaTh Ooinee TOYHBIM mpubop H
COOTBETCTBYIOIIMM 00Opa3oM BBINOJHATH €ro HCCIeIOBaHUS M TOBEPKH, B-TPEThUX,
pa3pabaTbiBaTh U MPUMEHSATH 0OJ€e COBEPIICHHYIO METOAMKY M3MEpeHHH M, HakoHel, Ooiee
THIATEJIbHO YYUTHIBATh BIMSHUE BHEIIHUX YCJIOBUH Ha pe3ynbTarhl usmepeHuil. Kpome Toro,
6oJbIII0€ 3HAUEHUE TPHOOpETaeT NpaBmiibHas (CTporas) 00paboTka H3MEpEeHuH.

B CCCP u no3znnee B P® ontuyeckue TEOMOTUTHI AEIATCS MO TOYHOCTH M3MEPEHUS
YIJI0B HA TPU IPYIIIBL:

- BBICOKOTOYHBIE TEOJOJUTHl CO CpelHeH KBaJIpaTHYeCKOl OLIMOKOW H3MepeHus

FOPU3OHTANBHBIX yIIIoB 0,5” — 1,0;

- TOYHBIE TEOJOJIUTHI co cpenHeu KBaIpaTU4YECKONH OIIMOKOM H3MepeHus

TOPU30HTAIBHBIX yIJIOB 27 + 77;

- TEXHMYECKHE TEOJOJUTBI CO CpeAHEH KBaApaTUYECKOW OIIMOKONM HW3MEpEeHHs

TOPU30HTANBHBIX yriioB 107+ 307;

K TtouneiM Teomonmutam oTHOcATca Teomoiautel 12 m TS5; mo T'OCTy 10529-96
IpeayCcMaTpUBaeTCsl BBHITYCK TEOJOJUTOB B JIBYX BapHaHTaX: ¢ TPYOOH MpsIMOTO U OOpaTHOTO



u3o0paxkenus. B mmudpe Teoqonura Ha MEPBOM MeECTE MOXET CToATh uudppa 2, 3 wim 4 B
COOTBETCTBUHU C HOMEPOM MOIU(UKALNU TEOJOJINTA; Mociie HU(p TOYHOCTH TEONOJIUTAa MOTYT
croarb OykBel A, M, K, II. bykBa A o3HauaeT aBTOKOJUIMMAIMOHHBIH, OykBa M —
Mapkienaepckuid, OykBa K — kommeHcaTop BMECTO ypOBHS IIPH BEpTUKAIBHOM Kpyre, OykBa I1
— IIpsiMOe N300pakeHre B 3pUTEIILHOM TpyOe.

C 1976 roga B CCCP Havayiu BbIMYCKaTh T€OMOJUTHI 2-U cepuu 2T2 u 2TS5, a ¢ 1989 —
TeonoauThl 3-i cepum 3T2 u 3T5; ux XapakTepucTUKU NpuBeAeHbI B Tabiuie 10.

Taobmuma 10

XapakTepUCTUKH TEOJI0JTUTOB 3T2KII 3TS5KII
VBeuueHUE 3PUTENILHON TPYObI 30" 30"
Yo noss 3peHust TpyObl 1°40° 1°40°
Juamerp oObeKTHBA 40 MM 40 mm
Haunmensuiee paccTosiHue BU3UPOBAHUS 1,5m 1,5m
- ¢ HacaJKoH Ha OOBLEKTHUB 09M 09Mm
JuameTp 1uMO0B (TOPU30HTAIBHOTO M BEPTUKAIBLHOTO) 90 mm 90 Mmm
CKO u3zmepeHus - ropu30OHTaJIBLHOIO yIiia 27 4,5”
- BEpTUKAJIBHOIO yrja 2” 8”
Jlnana3on paboThl KOMIIEHCATOPA 3,5 4’
I{eHa nenenus mKanabl OTCUETHOIO YCTPOUCTBA 1” I’
TOYHOCTH OTCUNMTHIBAHUS 0,17 0,1°
Llena nenenust ypoBHEH— NUIMHAP. IPU allUI. TOP. Kpyra 15” 30”
- KPYIJIOTO YCTAaHOBOYHOIO 5 5’
BCTpOoCeHHBIH ONTHYECKHUI ICHTPHP:- YBEITHUCHUE TPYOBI 2,5" 2,5
- IIpeieJibl BUBUPOBAHUS ot 0,8 M ot 0,8 M
Macca: - TeomoiiiTa 4 xr 3,7 kr
- IIOJICTaBKH 0,7 xr 0,7 xr

B Teopgonutax 3-il cepum nuameTp JUMOOB TOPU3OHTAIBHOIO M BEPTUKAIBHOIO JIMMOOB
OJIMHAKOB (/10 3TOr0 AMAaMeTp JIUMOa BEPTUKAIBHOIO Kpyra ObUI MEHbILE, YeM TUaMeTp Jumoba
TOPU30HTAILHOTO Kpyra); KpoMe TOro, HpHUMEHsAeTcs TpyOda MpsAMOro H300paKeHus u
KOMIIEHCATOP YIVIOB HaKJIOHA TE€OAO0JIUTa BMECTO YPOBHS IIPHU AJIMJaJ€ BEPTUKAIBHOTO Kpyra. B
1996 rony Obu1 u3gan 'OCT 10529-96, no koTopomy Hayascs BBITYCK TEOAOIUTOB 4-ii cepuu;
umeroTces cesieHus, uro B 2002 roay NoKeH OBbITh M3/1aH HOBBIM TOCT Ha 0OIIMEe TEXHUYECKUE
YCIIOBUS TEOJOJUTOB.

Jlng u3MepeHus yrioB B IOJUTOHOMETpUM 4-TO Kjlacca PEKOMEHIYETCS HPHUMEHSTH
teononuthl T2 u 2T2; B nonmuroHomerpuu 1-ro u 2-ro paspsgaos — reononutsl 12, 2T2, TS u ux
MoguduKkanuu. Paspemraercss NpPUMEHATh TakKe Jpyrue OTEYECTBEHHbIE TEOAOIUTHl U
TEOJIOJIUTHI 3apyOEKHOIO IMPOU3BOJICTBA, OOECIEUMBAIONINE HYXHYIO TOYHOCTb H3MEpPEHUs
YTJIOB.

B xommiiekT TeomonuTa sl TOYHBIX U3MEPEHUN YIJIOB BXOJSAT TaKKe BU3UPHBIE MAapKu U
ONTUYECKUE HEHTPUPBI. ITOT KOMILJIEKT 3aBOACKOr0 U3roToBiieHus HaszbiBaeTcst KBII (kommuiekT
BU3HMPHBIX IIeJiel); OH BKJIIOYaeT 4 BU3UPHbIE MAapKH, 3 MOACTAaBKH, 3 IITAaTHBa C OTBECOM, |
ontuueckuii ABycropoHHui wneHtpup OO, 1 BemKy U HEKOTOpbIE JApPYrue MENKUE
MPUCTIOCOOICHHUS.

Teonomut T2 - onTHYECKHUN TEOTOJIUT C HWJINHAPUYIECKOW HETOBTOPUTEIBLHOM CHCTEMOM
BEPTUKAJIBHBIX OCE C MOBOPOTHBIM TOPU3OHTAIBHBIM JINMOOM, ONTHYECKUM MHUKPOMETPOM C
Pa3ABIKHBIMU KIIMHBSIMH U ONTHYECKUM LieHTpupoM. [Tpubop ycranaBimuBaeTrcst Ha MOJICTaBKe,
KOTOpasi MPHUKPEIUIAeTCs K IITaTUBY C MOMOIIBIO TPEYTOJIbHONM METaNINYeCKOW IUIaCTUHBI U
CTaHOBOTO BUHTA. [IpnbOp BXOIUT BO BTYJIKY MOACTABKU U 3aKPEILISETCS BUHTOM.

3putenbHas TpyOa TEOM0IUTa aCTPOHOMUYECKAs! (TO €CTh, Ja€T 0OpaTHOE N300PAKEHHE)
C armoXpoOMaTHYEeCKON KOPPEKIMed W C BHYTPEHHEH (OKYCHPOBKOMW; yBeaudeHue Tpyobl 257
YTOJ 3PEHUS 1° 30’; nmnameTp BBIXOJHOTO 3pauka 1,4 MM; pokycHoe paccTosiHue 00bekTHBa 250
MM. ONTHYECKUMH KOMIIOHEHTAaMH 3pUTEIbHON TPYOBI SBIISIOTCS TEI€OOBEKTUB, BKIIOYAIOIINI
JIB€ CKJIEEHHBIE Mapbl JIMH3, MSITUIMH30BbBIA OKYJIAp U OJMHOYHAS (POKYCHPYIOLIasl JIMH3a (BCEro
JIECSATD JIUH3)

Hns doxycupoBaHuss TPyObl Ha MPEIMET CIYKUT (POKyCHpYIOIee KOJbII0; YCTAaHOBKA
OKyJIsipa 1O IJa3y NPOM3BOAUTCS BPALIEHUEM AUONTPUMHOrO Kojbla. CeTka HUTEH HMeEeT




KpOME KpecTa mapy MAajJbHOMEpPHBIX MMTPUXOB ¢ Kod(p¢uimentoB nanpHoMepa 100. Cerky
MOXXHO TII€peMeIlaTh IMpU [OMOUIM HCIPABUTEIBHBIX BHHTOB B TOPU30HTAaIbHOM U
BEPTUKAJIBHOM HampaBiieHusX. s rpyboro HaBeneHHs TpyObl Ha BU3UPHYIO LI€JIb MMEIOTCS
BU3HPBI, PACIIOIOXKEHHbIC Ha BEpXHEH U HUXKHEH cTopoHax TpyObl. B mose 3peHus Bu3upa BuaeH
CBETJIBI KPECT, KOTOPBIN BU3YyaJIbHO HY)KHO COBMEIIATh ¢ HAOII0AaeMOM LEIBIO.

Cucrema BEpPTHKAJIBHBIX OCEH TEOAOIUTAa UWIMHAPUYECKAs,, HEMOBTOPUTEIbHAA C
OMOpOl B HIKHEW 4YacTH Ha UIAPUKONOALIMITHUK, YCTAHOBJICHHBIM Ha Cgepuyeckom
caMoOyCTaHaBIMBaroleMcs noansaTHuke. [lonas ock anuaanpl HAXOIWUTCA BHYTPU BTYJKH, K
KOTOPOW MPHUMBIKAET OChb FOPU3OHTAIILHOTO Kpyra (inumba). BHyTpu ocu anmumaabl HaXOIUTCS
OOBEKTHB OINTHYECKOTO IIEHTPHUPA; 3pUTebHas Tpyba IEHTpUpa HMMeEeT yBeludeHue 2,57
npenensl BusupoBanus oT 0,3 M 0 OECKOHEUHOCTH; CETKa HUTEH IIEHTPHpA MPECTABIISIECT COOOM
JIB€ KOHUEHTPUYECKUE OKPYKHOCTU. OKYJSp ONTHUYECKOTO LIEHTpUpA BBIBEJAEH HA KOJIOHKY
TEOJOJINTA; OH YCTAHABJIMBAETCS IO TIJIa3y BpAIICHHWEM OMpPaBbl; (OKYCHPOBAHHWE Ha IICHTP
IIYHKTa BBINOJHAETCA BBIJBUTAHUEM WJIM BJIBUTAHHUEM OKYJISIPHOI'O KOJIE€HA BJIOJb ONTHYECKOU
OCH.

TeononuT uMeeT CTEKJIIHHbIE FOPU30HTAIBHBIA U BEPTUKAIbHBIA YIJIOMEPHBIE KPYIH,
MMMGBI KOTOPBIX pazzenensl gepes 20° ot 0° 1o 360°. Juamerp ropusonTamsHoro kpyra 90 M,
BepTHKaNbHOTO — 65 wMMm. IlepecTraHoBka TOPHU30HTAIBHOTO JUMOA OCYIIECTBISETCS
CHEMaJIbHBIM BHUHTOM, KOTOpbIN CHauyajga HYXKHO YTONMUTb BHYTPb M 3aT€M Bpauarh J0
YCTaHOBKM Ha JIUMOe HYyXHOro orcuyéra. LITpuxu ropuzoHTanbHOro JuMOa ABOWHBIC
(OudwmisipHbIE), BEPTHKAILHOTO — OMuHapHBIC. [lone 3peHus] TOPH30HTAIBLHOTO Kpyra HMeEeT
Oenblif QoH, moJie 3peHHs BEPTUKAIBHOTO Kpyra — &nTo-3enénbiii ¢oH. [lepexnouenre 1umMoO0B
IIPOU3BOJUTCS CHEIUAIBHON PYKOSTOUKOM: KOI/la OHA 3aHMMAET FOPU30HTAIBHOE IOJIOKEHHE,
UCIIOJIB3YETCSI TOPU30HTAIBHBIM KpYr, KOIJla OHA 3aHUMAeT BEPTUKAIbHOE IOJOXKEHHE —
BEpPTUKAIbHBINA KpYr. [I0BOPOT pyKOSITOUKHM ClleyeT BBIIOJIHATH A0 €€ QuKcauuu (B MOMEHT
(UKCcaIuu CIBIIICH JIETKHH IETY0K ).

Anunana TOPU30HTAJIBHOTO Kpyra MMEET 3aKpelUTENbHbIA W HaBOASIIMM COOCHBIE
BUHTBI; Ty K€ KOHCTPYKIIUIO UMEIOT 3aKPEMUTENbHbIN U HABOASIINN BUHTHI 3pUTEIIBHOM TPYOBI.

Jlns npuBeneHuss OCHM BpalleHMs] aluIajbl B BEPTUKAJIbHOE IIOJOKEHUE CIYXKUT
LWIMHJPUYECKUN YPOBEHb HA KOPITyCE alUAabl TOPU3OHTAIBHOIO KPYra; IOCTUPOBOYHBIN BUHT
YPOBHSI BBIBEICH Ha KOJIOHKY TEOJIOJINTA; IIeHa JIeJIeHUs YpOoBHs 157,

['opuzoHTanbHAs OCh TEOJOIMTA (OCh BpAIIEHUS 3PUTENBHOM TPYOBI) )KECTKO CBsI3aHA C
KOpILyCOM TpYyObl; CBOMMHU IHandamu OCb yCTaHOBJE€Ha Ha Jjarepsl. Ha ogHom KoHIE ocu
YKPEIUIEH BEPTUKAIbHBIA KpPYT, Ha JIPYIrOM — BTYJIKa C XOMYTHUKOM, CBA3BIBAIOIIMM OCh C
HABOJSAILIUM BHHTOM TpyObl. Llunuuapuyeckuil ypoBeHb NpU aluaajieé BEPTUKAIBHOIO Kpyra
pacroyio’)keH BHYTPU KOJOHKH; H300pa’keHHE KOHLIOB Iy3bIpbKa YpOBHs mepenaércs Ha
MOBOPOTHYIO MPU3MY-JIYITy C TMOMOIIBI0O CUCTEMBbI TPHU3M; LieHa JeneHust ypoBHs 20”. KoHIs
Iy3bIpbKa COBMEILAIOTCA YCTAHOBOYHBIM BUHTOM YPOBHS (MUKPOMETPEHHBIM BUHTOM alluaibl
BEPTUKAIBHOTO KPYTa).

B kadectBe OTCU€THOrO mMpucHocoOieHuss B TeojoauTe T2 UCHonb3yeTcs ONTUYECKUN
MUKpPOMETpP, KOTOPbI MMEET JB€ Mapbl ONTHYECKUX KIMHBEB, OapabaH, IIKalTy U OTCUETHBIN
MHJAEKC I B3STHs OTcuéra mo mkaie mukpomerpa. Illkama mukpomerpa pasnenena Ha 600
JIEJIEHUH, KOTOpbIE MPOXOJAT OKOJIO OTCUETHOTO MHJIEKCA 32 TO BpeMs, 3a KaKkoe M300pa’keHus
IITPUXOB JMMOA CMEIIAI0TCA Ha TOJIOBUHY JI€NEHHUs, TO ecTh, Ha 10°; TakuM oOpas3om, ILieHa
OJHOTO JEJIECHUS IIKaJIbl MUKpOMETpaA paBHa 1.

Teoputo ONTUYECKOTO0 MUKPOMETpA C ONTHYECKMMM KJIMHBSIMHM MBI paccMaTpHUBaTh HE
OyneM BBHIY €€ CIIOKHOCTH, a MPHUHIIHUII ONTHYECKOIO0 MHUKPOMETpAa PacCMOTPUM Ha IpUMEpe
MJI0CKOTapaIeNIbHON MIacTUHKHU (puc.43).

CrexisiHHas TUIACTMHKA C MApajuleIbHBIMM TPaHsAMU HMMEET TOJNIIMHY d MM H
KO3(pPULIMEHT NperoMIIeHUs 7, OOJBIINI eIMHUIIBI; JIyd CBETA aJaeT Ha He€ CHU3Y O]l YIJIOM
NaZcHus paBHBIM i. B Touke majgeHus Jyda Ha TpaHMUIE [BYX Cpel C pa3sHbIMU
ko3¢ ¢punrentamu npenomneHus (y Bo3gyxa OoH paBeH eauHune i, =1,00) mpoucxoaut
MIPEJIOMJIEHUE JIy4a, U BMECTO HampaBlieHHs AD nyd nounaér no HampasieHuro AC ; yroia
npenomiieHus Oyznet paseH i, (i, <i). B touke C mpou3oiaéT moBTOpHOE NMpeToMIICHHE JIyda, 1
ayd noua€t mno Hampasienuto CF', mnapaiellbHOMY HampaBieHuro AD 1oa yriom

NpeJoMIIEHUs, paBHbIM [. B pe3ynapTrare [ABOMHOrO MPEIIOMJICHHS Ha CTEKISHHOMU
HHOCKOHapaHHCHLHOﬁ IJIACTUHKC JIYY CBCTA HC U3MCHUT CBOCTO HAIIPABJICHUS, HO CMCCTUTCA B



CTOPOHY Ha BEJIIMYMHY /1, YUCIIEHHOE 3HAYEHUE KOTOPOH 3aBHCUT OT TOJILMHBI IUTACTHHKH, €€
K03 uIMeHTa IPEIIOMIICHUS U yIila NaJieHus i ; BbiBeaeM Gopmyiy s h.

o

Pucynok 43 — Xon sydeit uepes I10cKonapauieabHyl0 IIACTUHKY

B Touke A 3anwumieMm ¢popMyny 3aKOHA MPEIOMICHUS
n, -Sin(i) = n, - Sin(i,) .
Cuutas i, =1 W yuuThIBas, 4To yron i man 1o Bemuuuse (i <15°), pasnoxum cunyc
yria B psJl U OTPAHUYUMCS OJTHUM HEPBBIM WIICHOM pasnokenus ( Sin(i) =i B paguaHHON Mepe);
MOJIy4YUM

O603HaunM pa3HOCTb YTJIOB i u I qyepes o, MOJIy4YUM
O=i—i =n,-i,—i, =i -(n,—1). Jlanee BbIpasUM CMEIICHHE Jy4ya /A UYepe3 TOJIIIUHY

IUTACTUHKY U3 TpeyronbHuka ACE

h=AC-Sin(5) = CL_ - Sin(5).

0s(iy)
[Tpunss Cos(i,) =1 u Sin(0) =0 n noxncraBus i, =i/n_, NOIy4UM
-1
h=d-S=d-(n ~1)i,=d-2c—.i=c-i;

C

n

c

3J€Ch BCJIHMYHUHA C = d- SABIIACTCA XapaKTepHCTHKOﬁ IIaCTUHKH, I I[aHHOI\/'I IINTaCTUHKH

OHa MOCTOSIHHA.

Takum 006pazoM, MOXKHO C(HOPMYIHPOBATh 3aKOH IIOCKONAPAJIIEIbHON TUIACTUHKH: TpU
IIPOXOXKACHUN IUIOCKONApAJIENbHON IUIACTUHKHU JIyd CBETA, HE MEHAS CBOErO HalpaBlICHUS,
CMEIIaeTcsl B CTOPOHY Ha BEMYHHY, IPONOPIHOHAIBHYIO YTy NaJCHUS Jy4ya Ha MJIaCTHHKY.

Hcnonp3yss 3Ty 3aKOHOMEPHOCTb, MOKHO CKOHCTPYMpPOBaThb OTCYETHOE YCTPOWMCTBO, B
KOTOPOM H3MEpPEHHE JOJU JIEIEHNUsS OCHOBHOM IIKaNbI Oy/I€T BBITOJIHATHCSA IO BCIIOMOTaTebHOMN
HIKaJe, CBSI3aHHOW C MEXaHM3MOM II0BOPOTa IUIOCKOMAapaIeIbHONW IIacTMHKU. HHTepBan
MOBOPOTA IUIACTUHKHU JTOJKEH COOTBETCTBOBATH OJHOMY JEJICHHUIO OCHOBHOM HIKaJNbl U 00IIen
JUIMHE BCIIOMOTATENIbHOW IIKajJbl, KOTOPYI0 MOXXHO pPa30UTh Ha OOJBIIOE YUCIO JENEHHI,
COOTBETCTBYIOIIEE MPOEKTHOM TOUHOCTH H3MepeHHs. BcrmomoraTenbHas IIKana Ha3bIBaeTCS
MIKaJIOW MUKPOMETpA; JJIS OTCUMUTBHIBAHUS MO HEW NOJDKEH OBITh M CBOM OTCUETHBIN MHIEKC.
BBuny Manbix pazMepoB JIeIeHUI HIKalIbl MUKPOMETpPa UX PacCMaTpUBAIOT Ye€pe3 MUKPOCKOII C
YBEJIIMUEHUEM HE MEHEE /IBaILIAaTH.

Hapucyem cxeMy pacrojlOK€HHMsT OCHOBHBIX 4YacTell ONTHYECKOr0 MHKpPOMETpa C
IUIOCKOTIApAJUICIbHOM IJIACTUHKOM mpu B3sATHH oTcuéra mo jumOy (puc.44). Ilycts 1eHa
nenenus mumba A =20', KOIUYecTBO JeNeHU Ha mikajae MukpoMerpa 7 =120, 1ieHa ogHoro



neneHus Mukpomerpa g =A/n=10", TOUHOCTb OTCUMTHIBAHUS ¢ =1"; MUHYTHbBIE JiCJIEHUS Ha
HIKaJIe MUKPOMETpA MOIUCAHBI.

N300paxkenue
|22 ﬁﬁ%mmmﬂ mMoT 21

21,
i I1nocko-nap. V
ILIACT. —_— Bapaban omr.
MHKPOM.

J lxkana mum6
21

Pucynoxk 44 — Cxema onTHYECKOrO0 MUKpPOMETpa

21

B wucxogHom mnomoxxeHUHn Jydd CBC€Ta MNaJar0T Ha IIJIOCKOIApalJICJIbHYIO IIIIACTUHKY

TepHeHIUKY/IApHO €€ rpansam (To ecth, i =0°); Ha IIKale ONTHYECKOTO MHUKPOMETPA CTOMT
orcuétr 0'00", Tak Kak IJIACTUHKA 3aHUMAeT HEUTpalbHOE MojoxkeHue. OTCUETHBIN HHACKC
mKanel TuMOa (OMCCEeKTOp) HAXOAUTCA MEXIY MITPUXaMH 21° (Mmammaid  mWTpUX) U 220
(crapmmii mrTpux). [ u3MepeHus: 1omu feneHus TuM0a OT MIIQAIIETO MTPUXA J0 OTCUETHOTO
OuccekTopa MOBOPAYMBAIOT IJIACTMHKY Ha HEKOTOpbIM yron i. Jlyuw, maymmue OT IITPUXOB
aumOa, CMELatTCs OTHOCUTENBHO HEMOIBUKHOTO OMCCeKTopa, U, KOraa U300paXeHue Tpuxa
21°  coBMectHTCS C OHCCEKTOpOM, BpAIICHHE ILUIACTHHKM TNPEKpaIaioT. IIpu moBopoTe
IUIACTUHKM IIKaJa MHKPOMETpa [BUIAeTCs, B pe3yjibTaTe 4Yero Ha Hel MPOTHB OTCUETHOIO
MHJAEKCAa  IIKalbl  MUKpoMmeTpa  (OJMHOYHBIM  IITPUX)  YCTAHABIMBAETCS  OTCUET,
COOTBETCTBYIOIIMM YIIIY 1.
Ionnslit oTcuéT no mumOy Oyner paseH N =N, + N, =21° +13'40"=21°13'40".

wanb

KoHCTpyKIIus ONTHYECKOrO0 MUKPOMETpa € ABYCTOPOHHUM OTCUMTHIBAHMEM BKIIIOYAET J[BE
napbl ONTHYECKUX KIMHBEB; BEPXHHUE KIMHBbS Ka)XJOW Maphl - MOJABMXXHBIE. B moie 3peHus
TaKOro MUKpPOMETpPa BUAHBI H300pakKeHUs IITPUXOB TUAMETPAIbHO MPOTUBOIOIOKHBIX YacTel
auMba U B JAPYroM OKHE - JEJICHHS IIKaJIbl MUKPOMETpa M OTCUETHBIH HMHJIEKC LIKaJbl
MUKpOMETpa — HENOABWXHBIM mTpux (puc.45). Ilpm Bpamenun OapabaHa MHUKpOMETpa
IITPUXU BEPXHETO M HW)KHErO M300pakeHUH MepeMeniaroTcs B MPOTHBOIOIOXKHBIE CTOPOHBI,
TO-€CTh, COBMEIIEHHWE IITPUXOB JUMOA MPOU3BOAUTCA uepe3 IOJIOBUHY JEJeHUs aumba, u
MO3TOMY JJTMHA IIKAJIbl MUKPOMETpa paBHA MOJIOBUHE JAETEHUS JIUMOa.

[Tone 3penust OTCYETHOTO MUKPOCKONA TeoqomTa T2 moka3zaHo Ha puc.45; TaM BUJIHO JBa
oKomIka — Oosiblioe (OHO ciieBa) U Majloe (OHO crpaBa). B J1leBOM OKOIIKe BBEpXY BUIHO
n300pakeHHe IITPUXOB OCHOBHOM CTOPOHBI JMMOa, BHHU3Y — M300pakeHHE IITPUXOB
TUaMETpPaTbHO MPOTUBOMONOXKHON cTopoHbl. [lpu Bpamenuun OapabaHa MHKpOMeETpa 3TU
M300paKeHUsl ABUTAIOTCSA B MPOTUBOIOIOXKHBIE CTOPOHBI. Kaxaplii rpagyc numOa moanuca u
pa3zienéH Ha TP YacTH (1IeHa OJTHOTO JIeJeHHs mKaisl tumoba 20°).

57 58
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Pucynok 45 — [1ose 3peHust ONTHYECKOro MUKpoMeTpa Teoaoauta T2



Otcuér no MOy ¢ MOMOIIBIO ONTHYECKOTO MUKPOMETPA BBINOJIHACTCS B CIEAYIOLIEM
HOpSIIKE:

1. Bpamenunem OapabaHa MUKpoMeTpa TIIATEIIBHO COBMEIIAIOT H300paKCHU
LITPUXOB BEPXHEW M HMKHEH YacTel JIEBOro OKOIIKAa (€CIM 3TO CAENaTh
3aTPYyIHUTEIBHO, TO COBMEINAIOT M300paKEHUs LITPUXOB XOTsA OBl B LIEHTpPE
T10JIs1 3pEHMUS);

2. 3anuCchIBAIOT YUCIIO TPALyCOB [0 BEPXHEMY M300PaXKEHUIO IITPUXOB; HYXKHBIIH
rpajgyc pacrojiaraercsi cjaeBa OT LIEHTpa MOJs 3pEHUs WM B CaMOM LIEHTpe
HOJS 3PEHUS M TaK, YTOObI TpaJyCHBIH IITPUX HHUXKHETO H300pakeHus,
orcrosiumii ot Hero Ha 180°, 6T CIIpaBa WM TOYHO B LICHTPE I10JIs 3PECHMUS;

3. CuMTaoT 4YMUCIO JBAJIATUMUHYTHBIX HHTEPBAJIOB MEXAY 3TUMH JIByMs
LITPUXAMU U 3aIMCHIBAIOT JIECATKA MUHYT OTCUETA, KaK IPOM3BEIEHUE Yucia
uHTepBasioB Ha 10';

4. B mpaBoMm OKOIIKE HANpPOTHUB HEMOABMKHOTO TOPU3OHTAIBHOIO OTCYETHOIO
MHJIEKCAa OTCUMTHIBAIOT IO ILIKale MUKPOMETPAa MUHYTHI, CEKYHIbl U JECAThIC
JIOJIM CEKYH/I, IOCJIEIHUE OLICHUBAIOTCSI HA IJ1a3.

Otcuér no numOy Ha puc.45 paseH 57° 38 00,6

[Topsinok OTCUUTBHIBaAHUS 110 BEPTUKAIILHOMY KPYTy TaKOH ke, HO IIepel B3ATHEM OTCUETA
37€Ch HY)KHO TNPHUBECTHU IY3BIPEK YPOBHS NPU BEPTUKAIBHOM KpPYre TOYHO B HYJb-IIYHKT C
MOMOILIbI0 MHUKPOMETPEHHOTO BHMHTA alWJajbl BEPTUKAIBHOTO Kpyra. Dopmyisl s
BBIYMCIICHUS] MECTa 3eHUTa MZ W 3€HUTHOIO PacCTOSIHUSI Z WMEIOT BUJ

0
MZ:JI+H+360

0
7= +36007 Z=J-MZ, Z=MZ-1II.
2
B stux ¢opmynax yepes JI u Il 0603HauEHBI OTCUYETHI 110 BEPTUKAIBLHOMY KPYTY NpHU
KpyTe JIEBO U Kpyre IIpaBO COOTBETCTBEHHO.

Jlns u3MepeHust YIJIOB MpPH MalbIX 3€HUTHBIX PACCTOSIHUSX B KOMIUIEKTE TEOJOJIUTa
UMeeTcsl NMPU3MEHHas HacaJka Ha OKYJsp, KOTopas H3MEHseT HalpaBieHHWe BU3UPHOH OcH
TPYGBI W ONTHYECKOH OCH OTCYETHOrO MuKpockoma Ha 90° i oGecreunBaet, TakuM 0GPasoM,
y100CcTBO B paboTe Mpu 000UX MOJOKEHUIX BEPTUKAIBHOTO Kpyra.

Teomomut 2T2. [punnmn ycrpoiicTBa Teomonuta 2T2 He oTimyaeTcst ot TeogonuTa T2, HO
HEKOTOpble KOHCTPYKTUBHBIE PELICHHUs y HEro Apyrue. 3putenabHas Tpyoa teogonura 2T2 umeer
MEHBIINE pa3Mepsl U aXpOMATHUYECKYK KOPPEKIHUIO; yBenuueHue Tpyosl 27,5, (dokycHoe
paccrosHue oobekTuBa 218,6 MMm. CeTka HUTEH 3pUTENbHOIN TPYObl yCTaHOBJIEHA HEMOABHIKHO,
npuuéM e€ NepeKpecTUe OTIEHTPUPOBAHO OTHOCUTENBHO ONTHYECKOW ocu TpyObl. Mexny
KOPIyCOM M OCbIO BpAalIeHUs TPYObl paCMONOKEHO KIWHOBOE KOJBIO [UIl YCTpaHEHUS
KOJUIMMAIlMOHHON OMmMOKM; JUIs TOBOpPOTa KJIMHOBOIO KOJIblla K NpuOOpy mpuiaraercs
CHeLHaTbHbIA KITI0Y.

Jl1st ycKOpeHHUsl yCTaHOBKHM TOPU30HTAJILHOTO Kpyra UMEeTCsl Kpyr-HCKaTellb, pa3/IelEHHbII
gepes 10°; OTCUST 1O KpYry-MCKAaTENIO BBHITOIHSAETCS Hepe3 HeOGOIBIION WImoMHHaTOp. K
TEOJI0JIUTY MPUIIATAETCSI OPUEHTUP-OYCCOb.

OcobenHocThi0 TeononuTa 2T2 gBnsieTcs U HOBask CUCTEMAa OTCUMTHIBAHUS 110 MUKPOCKOILY.
OTcuéTr NecAiTKOB MUHYT OepyT MO BCIOMOTaTeIbHOU IIKaje, PACIOJIOKEHHON MO MOAMKUCHIO
IpaaycoB; IITPUXHU JTUMOA BUAHBI B OTIACIBHOM OKOIIKe. OTCU€T 1Mo Kpyry HmpOU3BOAUTCS B
CIIETYIOIIEM MOPSIKE:

- TIIATEJIbHO COBMECTUTH N300paKEHUS ILTPUXOB JIMMOA B CPEAHEM OKOIIIKE;

- B BepXHEM OOJIbIIOM OKOIIKE OTCYUTATh YHUCIIO IPaycoB (B Mpeesax MIKalbl JECITKOB

MHHYT);
- OTCUMTATh JECATKM MHUHYT MO Ludpe, pacrojoKEHHOW MOJ IEHTPOM CHMMETPUU
HOJIKCH TPaycoB (110 IPYTUM UCTOUYHUKAM — O] €AUHHUIIAMU IPayCHON OIHCH);

- B [IPaBOM OKOIIKE MPOTHB OTCYETHOI'O MHJEKCA OTCUUTATh €IUHMIIBI MUHYT, JECSTKH,

€AMHULIBI U IECSATHIE A0 CEKYH].

OTcuéT 1o BEpTUKAILHOMY KpPYTy IPOM3BOUTCS B TOM K€ MOPSAKE.



[ToBepkH TOYHBIX TEOAOIMTOB. TE€ONONUT, Kak MpuUOOp s TOYHOTO H3MEPEHUS
TOPU3OHTAIBHBIX M BEPTHUKAIBHBIX YIJIOB, JOJDKEH YIOBIETBOPATH ONMPEACIEHHBIM MEXaHHUKO-
TEXHOJOTUYECKUM U T€OMETPUYECKUM YCIIOBHSIM.

[MmaBHBIMH MEXaHUKO-TEXHOJOTUYECKIUMHE YCIOBUSMU SIBIISIOTCS:

- cBOOOJHOE, TUIABHOE M MPAaBWIBHOE IEpeMEeIleHHEe BCEX MOJBHXKHBIX YacTeil
npuodopa;

- )KECTKOCTb M TPOYHOCTh KOHCTPYKIMH, OOECIEUMBAIOIINE IOCTOSHCTBO
B3aMMHOTO PACIOJIOKEHHS ero pabounx yacTei;

- Hag&KHOCTh U YCTOMYMBOCTh MpUOOpa TMpU  MOJIEBOM  SKCILTyaTalu,
BBICOKOKQUECTBEHHOE M3TOTOBJICHUE YPOBHEH, TOYHOE M UYETKOE HAHECEHHE CETOK
HUTEMH;

- oOecrieyeHHe 3aJaHHbIX MapaMEeTPOB 3pUTENBHON TPYObl, OTCUETHON CHUCTEMBI U
ONTUYECKOTO KOMIIEHCATOPA;

- BBICOKOTOYHOE M3TOTOBJICHHE U COOPKA OCEBBIX CUCTEM;

- TOYHOE pa3Jie]IeHHe U HAaHECEHHE TOHKHX IITPUXOB JIUMOOB, IIKAJI, UHJIEKCOB;

- TEePMETUYHOCTh KOHCTPYKIUU H T.1I.

['eomeTpuyeckue ycIOBUS BBITEKAIOT U3 MPUHIMIA H3MEPEHUS TOPU3OHTAIBHBIX U
BEPTUKAJIBHBIX YIJIOB, C OCHOBHBIMH TE€OMETPHYECKHMH YCIOBUSMH TEOJOJIUTOB CTYACHTHI
3HAaKOMATCA B IMpollecce M3y4YeHHs HadalbHOTO Kypca reoze3uu. llepeuncianiM OCHOBHBIE
reoMeTpuueckue yciaoBus teogoauta T2 (puc.46):

- Ocpb munuuapudeckoro ypous UU npu anuaane ropu30HTaIBHOTO Kpyra JA0KHA OBITh

MEePHEHANKYIISIPHA K OCH BpallleHus anuaansl ZZ,
- Busupnas oce VV 3putenbHoil TpyObl HobKHA OBITH NMEpHeHIuKynspHa K ocu HH
BpallleHus1 TPyOBbI;

- BeprukanpHas HUTH SS CETKM HUTEH JOJKHA JIEKaTh B KOJUTMMAIMOHHOM TMJIOCKOCTH

3pUTENbHON TPYOBI;
- Ocp HH Bpamenus 3putenbHON TpyObl MoKHA OBITh MEPHEHAUKYISpHA K ocu ZZ
BpAICHUS AJTHIA/IbI;

- Mecro 3enuta MZ BEpTUKAIBHOTO Kpyra JOHKHO OBITh MOCTOSHHBIM U OJH3KHM K
HYJTIO;

- Bwusupnas ocp [JI] onTHYeCcKOro OTBeca JOKHA COBMAAATh C OChl0 ZZ BpallleHUs
ITNIATBL.

Z \Y
H H
S
\Y
S
U U
Z

Pucynox 46 — CxeMa reoOMEeTpUYECKUX OCEH T€O0JMTa

MeTouKa BBIMTOJTHEHHS TIEPBBIX MSTH MTOBEPOK TEOJOIUTOB M3JI0KEHA B HAYAIBHOM Kypce
reoaesuw [3].

KommnMarimonHas omuOKa OTHOCUTCS K CHMMETPUYHBIM OIMMOKaM; OHa HCKaKaeT
orcuersl o auMOy mipu  KJI u KII Ha omHy M Ty Xe BEIMUYMHY, HO C MPOTHBOIOJIOXKHBIMHU




3Hakamu. OpHako, Oojiee TINATENBbHBIE HWCCICIOBAHMS TOKA3bIBAIOT, YTO KOJUTUMAI[MOHHAS
omuOKa HE OCTAeTCs MOCTOSHHONW BO BpPeMEHH. DTOT (PaKT B METOAUKE TOUYHBIX H3MEPEHUU
VUUTBHIBACTCS CICAYIONIMM O0pa3oM: B TpUeMe s KaXJIO0ro HampaBICHHS BBIYUCIISETCS
3HaYeHHE KOJUTMMAIMOHHOM OIIMOKK M MpOBEpsieTCs, YTOOBI UX PACXOXKICHHE HE MPEBBHIIIANO
HEKOTOPOTO 3HAUCHUS, KOTOPOE YCTaHABJIMBACTCS JUIS KXKOTO Kiiacca paboT.

HepaBeHCTBO MOJICTABOK y TOYHBIX TEOJOJIUTOB IMPOBEpPSIETCS MO o0mer meroauke [3];
€CJIM HEPaBEHCTBO IOJICTABOK 0OHAPYKEHO, OHO JTOJDKHO OBITH HCIIPABICHO B MACTEPCKOM.

HakyioH ocu BpanieHusi ajJujajbl y TOYHBIX TEOJOJMTOB YUHUTHIBAETCS IO IOJOKEHHUIO
My3bIpbKa YPOBHS TMpU aluJaZe TOPU30HTAIBHOIO Kpyra: BO BpEMs U3MEPEHHs YyIjia OJHUM
MIPUEMOM IY3BIPEK HE JOJHKEH OTKJIOHSATHCS OT HYJbIIyHKTa OoJyiee, 4yeM Ha 2 JIeJeHHUS.
KoppektrupoBarh ropu30HTHPOBAHUE TEOI0JINTA PA3PELIACTCS TOJIBKO MEXKIY IpUEMaMH.

IloBepka ONTUYECKOTO LIEHTPUPA. Y CTaHABIMBAIOT TEOJOJIUT HA IITATUBE U MPUBOJAT €r0
OCb BpALLIEHUS B BEPTUKAIBHOE IIOJIOXKEHHE C IOMOILBIO BBIBEPEHHOIO IMJIMHIPUUYECKOTO
YPOBHS Ha alluJajie TOPU3OHTAIBHOTO Kpyra. OTMEYaoT Ha JUCTe Oymaru, MOJJI0KEHHOM MO
LITAaTUB, MPOEKIMIO CEPEAUHBI KPYKKAa ONTHYECKOIO LEHTPUpA. 3aT€M MEUIEHHO BpAallaOT
anuuanay BOKPYr BEpTHUKAIbHON Oocu U HaOIIOAaroT 3a u3o0paxenueM Touku. Eciu B mpouecce
BpaleHUs U300pakeHHe TOYKU OCTAETCSl HA MECTE WJIM CMEIAeTcsl C IEHTpa KpyXKa He Ooee
0,5 MM, TO yCIIOBHE CUMTAETCS BBIIOJHEHHBIM. B MPOTUBHOM cilyyae OTBUMHYMBAIOT /IBa BUHTA U
OTCOCJIMHSAIOT KPBIIIKY ONTHYECKOTO IEHTpHUpa OT OOKOBOM KPBIIIKH TEOAOJIUTA, OOHa)as
TOJIOBKM FOCTHPOBOYHBIX BHUHTOB. (Cjerka OCBOOOJUB STH BHUHTHI, MEPEMEIIAIOT OKYJISPHOE
KOJICHO B IJIOCKOCTH OOKOBOHM KPBIIIKH, MOCJIE YEro IMOBEPKY MOBTOPSIIOT. Y TEOIOIHUTOB 2-i
cepuu u crapiie (2T2, 3T2 u T.4.) FOCTUPOBKY ONTUYECKOTO OTBECA BBHIMOIHSIIOT B MacTEPCKOM
MyTEM MOBOPOTAa M MEPEMEUIEHUS] OMPABBI C MPU3MOM, U3MEHSAIONIEH HAMPABICHUE BU3HPHOU
0CH ONTHYeCKoro orBeca Ha 90°.

IToBepka koMreHcaTopa. Y T€OJ0JIUTOB ¢ KOMIIEHCATOPOM IPOBEPSIETCS €1IE OJTHO YCIOBHUE:
KOMIIEHCATOP OTCUETHOW CHCTEMbI BEPTHUKAJIBLHOTO Kpyra JOJKEeH 00ecredynBaTh HEU3MEHHOCTh
oTcuéTa IO BEPTUKAIBHOMY KpYyry IpU HAaKJIOHE OCH BpallleHHWs anuaajbl B Ipelenax,
YKa3aHHBIX Ul JaHHOTO pubopa.

Jnst moBepkM TOYHOCTH pPabOThI KOMIIEHCATOpa BBIOMPAIOT TOYKY BU3UPOBAHHS U
YCTaHABIMBAIOT TE€OIOJIUT TaK, YTOOBI OJJUH U3 OJHEMHBIX BUHTOB MOJICTABKH OBLIT PaCIONIOKEH
B HaIpaBJICHUU BbIOpaHHOUN TOUYKU. [IpUBOAST My3bIpEK YPOBHS MPH aluaje TOPU30HTAIBLHOTO
Kpyra B HYJIb-ITYHKT, HABOJAT TPYOYy Ha TOUKY U OEpyT OTCUET MO BEPTUKAILHOMY KpyTy. 3aTeM
HaBeZleHHe TPyObl HA TOUKY M B3sSITHE OTCYETa MOBTOPsAIOT. [loBopaunBaroT anugany Ha 90" u
NOIBEMHBIM BHUHTOM TOJICTABKH, PACIIOJIOKEHHBIM [0 HAMpaBJICHHIO HAa BHIOPAHHYIO TOUKY,
HAKJIOHSIOT TE€OJNOJIUT Ha 2 — 3 neneHus ypoBHs. OmnATh IBaXKAbl HABOJAT TPyOy Ha TOUKY U
OepyT OTCUETHI MO BEPTUKAIBLHOMY Kpyry. Pa3sHOCTh cpemHuX U3 ABYX OTCUETOB HE JOJIKHA
MIPEBBIIATh TOYHOCTH TE€OJO0JUTA.

VccnenoBanue TOYHBIX TEONOAMTOB. MccnenoBaHus reone3ndeckux NpuOOpoB BooOlIe U
TEOJOJUTOB B YAaCTHOCTH MOTYT OBITh oOmMMHM © TekymMmu. OOImue uccie10BaHus
BBITOJIHSIOTCS TP MOJIyY€HUN HOBBIX MPUOOPOB MIIM MOCIE KAUTAJIbHOTO PEMOHTA, a TAaKXKe B
NpopMIAKTHYECKUX LENAX B MEXKCE30HHBIM mepuoj. Tekylue HCClIeT0BaHMs BbIMOIHSIIOTCS
€XKEroIHO Mepel BbIE3/I0OM Ha M0JIEBbIE PA0OTHI U UMEIOT LIEJIBIO ONPEIEINTh!

- HEYCTPAaHUMBIE OTKJIOHEHMSI OT I'€OMETPUUYECKUX U ONTHKO-MEXAaHMYECKHX YCIOBUH C

LeJIbI0 BBEACHHSI HEOOXOIMMBIX TIOTIPABOK B Pe3yJIbTaThl U3MEPEHUI;

- TIOCTOSIHHBIE TpUOOpa;

- OmMOKM LIKaJ U3MEPUTEIbHBIX MPUCTIOCOOIEHUN;

- KayecTBO paboTHI OT/AEIbHBIX YacTell 1 MEXaHU3MOB ITpUOOpa U MpUdOpa B LEJIOM.

IIpu npoBeIeHNH TEKYIUX MCCIIETOBAHUIN ITPOBEPSIOT:

- TpPaBUIBHOCTH pPabOTBl ONTHYECKOIO MHUKpOMeTpa (CHCTeMaTHYeCKHue OLIMOKU
ONTUYECKOTO MHUKPOMETpA, OIIMOKH COBMEUICHHS] IITPUXOB TOPU3OHTAIBHOIO U
BEPTUKAJIIBHOT'O KPYroB, MEPTBBIN X0OJ] BUHTA ONTHYECKOTO MUKPOMETPA;

- pEH ONTUYECKOT0 MUKPOMETPA;

- CHUCTEMaTHYeCKHE OIIMOKM H3MEpEHHs YIJIOB, CBS3aHHBIE C JIOPTOM MOABEMHBIX
BHHTOB M CMEUICHUEM FOPU30HTAILHOTO KPYTa;

- DKCLIEHTPUCHUTET FOPU30HTAIBLHOTO KPYyTa;

- DKCLEHTPHUCHUTET alMIabl TOPU3OHTAIBHOTO KPYTa;

- LIEHY JICJICHUs] YPOBHS;




- TPaBUIBHOCTH PabOTHI (POKYCHUPYIOIIEH JTUH3HI;
- CKO u3mepeHnus ropu30HTAIBHOTO yTJa;
- CKO u3mepeHus BEpTUKAIBHOIO yIJa.

HccnenoBanue MOJHBIX OMIMOOK JIeNEHUI JMMOa BBIMOJIHAIOT JIMIIb Y BBICOKOTOUHBIX
TEOJOJIMTOB, KOTOpPbIE HCHOJB3YIOTCA U1 HM3MEpPEeHHs yIiaoB B cersax 1, 2, 3 kimaccoB; B
METOJMKE TOYHBIX M3MEPEHUN YIVIOB Uil  OCHA0JIeHUusT 3TUX OHIMOOK IIPeayCMOTpEHa
IIEPECTaHOBKA JIMMOA MEXAY OTAEIbHBIMH IIPHEMaMU U3MEPEHHUS yIIIa.

OnpenienneHUe peHa OTCUETHOrO ycTpoilicTBa.  PeHOM Has3pIBalOT pPAa3HOCTb MEXKIY
HOMUHAQJIBHBIM 3HAYEHHMEM LIEeHBI JieNIeHHs JIuMOa (WIM MOJIy/eleHus TuM0a) U e€ 3HaueHUeM,
M3MEPEHHBIM IO LIKAaJIE OTCUETHOrO YCTPOICTBA.

VY 1IKanoBOro MHUKpOCKOIA 3HauYeHue peHa jpomyckaercs 0.2 neneHus mKaiabl MUKPOCKOIIA;
ecnu (paKTHYECKOE 3HAUEHHE PEHAa MPEBBIIIAET 3TOT HpEeZell, TEOJOIUT MOJIC)KUT PEMOHTY B
MacCTEepCKOM.

Meronuka ompeesieHuss peHa OINTUYECKOTO MHUKPOMETpA 3aBUCUT OT  KOHCTPYKLHHU
MHUKpoOMeTpa. Y ONTHYECKOr0 MHUKPOMETPAa C OAHOCTOPOHHMM OTCUUTHIBAHMEM I10JIBHKHOM
ONTUYECKOM JIeTaNbIO ABISETCS IUIOCKONapaslieabHas IUIACTUHKA, U JUIMHA LIKaJIbl MUKPOMETpa
paBHA OIHOMY JeJeHHI0 JuMmOa. I oTcyera o JUMOY MMEeTCsl HeMOABUKHBIN OUCCEKTOp, a
JUIsL OTCUeTa IO LIKajle MUKPOMETpA - HEMOJBHHBIA OTCUETHBINM MHJEKC-IITpUX. PeH Takoro
MHUKpPOMETpa OIpPEeNIAI0T [0 PAa3HOCTH OTCYETOB II0 MHUKPOMETPY IIpUM COBMEIICHHUU C
OMCCEKTOPOM JBYX COCEIHUX LITPUXOB JIUMOA.

VY OnTHYECKOro MUKpOMETpA C JIBYXCTOPOHHUM OTCUHUTBIBAHUEM ONPEAEISAIOT PEH BEPXHEro
n300pakeHMsI ITPUXOB JTUMOA U PEH HUKHETO M300pakeHus. M3mepeHne pacCTOSHUS MEXIy
COCEJIHUMHU IITPUXAMU BEPXHETO M300pa’Ke€HMsI BBIMOIHAETCS ¢ IOMOIIBIO OJJHOIO M3 IITPUXOB
HUKHETO0 M300pakKeHUSAMHU, Ha00OOPOT, U3MEPEHHE PACCTOSHUSI MEXIY COCEAHMMM IITPUXaMU
HIDKHET0 M300pa)KeHHUs BBIIIOJIHAETCS C IIOMOLIbIO OHOTO U3 IITPUXOB BEPXHETO N300PAKEHMUSL.

CHayaJia yCTaHaBIMBAaIOT OTCUET MO 1IKaje MUKpoMeTpa (0’00 1 TOUHO COBMEUIAIOT IITPUX

A Bepxuero nzobpaxenus co mrpuxoM (A4+180°) Hmxuero nzobpaxenus (puc.47) u 6epyrt
OJIM3KUI K HYJIO OTCYET & MO LIKaJe MUKPOMETpa O 3HAKOM (“IUIOC” - OTCUETHBIM MHJIEKC
Hwke aenenus 0°00”, “mMmuHyc” - OTCUETHBIN MHAEKC BbIlie Aenenus (’00”). 3areM BpamaroT
0apabaH ONTHYECKOrO MUKPOMETpPA 10 KOHI[A €ro MIKAIbl U TOYHO COBMeHIarT mtpux (A4 —A4)
BepxHero uzobpaxkenus co mrpuxoM (A+180°) HmkHero mzobpaskeHus u OGepyT 10 LIKaje
MHKpoMeTpa otcueT b co 3HakoM (“IuiFoc” - OTCU€THBIA WHAEKC Hike nenenus 10°007,
“MuHYyC” - OTCYETHBIN MHAEKC Bble nenenus [0°00”). 3aTeM TOYHO COBMEMIAIOT IMTpUx A
BEpXHEro n300paxenns co mrpuxoM  (A+180° — 1) wHmwkHero wu3o0paxkenus (3Ta mapa
IITPUXOB HAXOAUTCS CIpaBa OT MPEIbLAYIICH Hapbl ITPUXOB — npu oTcuéré b) u GepyT oTcuer
C CO  3HAaKOM. Pen  BepxHero - u300pakeHUS  BBIYMCISAIOT IO bopmyie
r,=a—b, W peH HIKHEro u300paxkeHus o popmyie r, =a—c.
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[xama mumoba
Pucynok 47 — Cxema onpenesieHUsl peHa onThudeckoro Mukpomerpa [llkana mukpomerpa
[Ipn mccnenoBaHUM TEOAOIUTOB PEH ONTHYECKOTO MHKPOMETpPA OINPEACISIOT Ha Pa3sHBIX

qacTsAX JIUMOa, TepecTaBisisl €ro uepes 45°20°. U3 Bcex OIPENETICHUN BBIUUCISIOT CpeaHee
3HAYEHHWE PeHa 7,, W PasHOCTb PEHOB Ar
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Ecnu 3nauenue peHa npesbimaer 2”, TO B KaKIbIM OTCUET 1O JIMMOY BBOJUTCS TOMPABKa
3a peH

r7ie: ¢ - OTCYET IO LIKaje MUKPOMETpa B MUHYTaX,
A - LleHa genenus aumoa, A =20'.
[Tpu GonbiioMm 3HaueHUU peHa (Oobine 5”) TEOAOMUT HYKHO CIATh B MACTEPCKYIO IS
IOCTUPOBKH.

OKCIIEHTPUCUTETHI TOPU30HTAIBHOIO Kpyra. B miockocTu mMba pa3nuyaroT TPU TOUYKU:
ryaBHas Touyka J[ — HEHTP OKPYXHOCTH jaeieHuid numOba, JI — meHTp BpamieHus iaumba (Touka
nepeceyeHusl OCH BpallleHusl JTuMOa C IJIOCKOCThIO JMMOA), A — LEHTp BpALICHUS aluajbl
(Touka mepecevyeHus OCH BpALIEHMS aluazbl C IJIOCKOCThIO JTuMOa). B uaeane Bce Tpu TOuku
JIOJIKHBI COBIAZAaTh, HO B PEAJIbHOM MHCTPYMEHTE OHU HE COBIIAJAI0T: HECOBNAJAEHUE TOUKHU A ¢
TOukoW JI Ha3pIBaeTCsd SKCUEHTPUCUTETOM anuaaabl, HecoBnaaeHue Todyku JI ¢ Toukou []
HA3bIBACTCSI OKCIEHTPUCUTETOM JHUMOa, HecoBmajaeHue Touek A wu JI  HasbiBaeTcs
JKCUEHTpUucuTeToM ocell. MccienoBaHue  3KCIEHTPUCUTETOB TOPU3OHTAIBHOTO  Kpyra
BBIMIOJHSIOT 0 METOJIUKE, W3NI0KeHHOH B MHcrpykumm [8].  DKCHeHTpUCHTET TumMba U
AKCLUEHTPUCUTET alua/ bl ONTHYECKUX TEOJOJUTOB UCCIENYIOT IO OJHOM U TOH K€ METOIMKE,
TOJIBKO TP ONPEAEIICHUH 3KCUEHTPUCUTETA aIMabl IEPECTABISAIOT AlIUJIay Yepes 30° or 0°
10 330° B IpAMOM M OGPATHOM HANPABJICHHSX, 4 NPH ONPEACICHHH SKCICHTPHCHTETa THMOa
MEePECTABIAIOT JTUMO Uepes 30° o1 0° 10 330° Takxe B IpPSMOM M OOpPaTHOM HaIlpaBJICHUSX.

[lpu kaxmoil ycraHoBKE JMMOa CHadajga COBMEIIAIOT H300paKEeHUs IHAMETPATbHO
MPOTUBOMOJIOKHBIX IITPUXOB JuMOa U OepyT otTcyeT !, 3areM COBMEWIAIOT H300pakeHue
BEPXHEI0O IITPUXA C HEMOJBMKHBIM HMHJEKCOM B II0JIE  3pPEHHUS] OTCUETHOTO MUKPOCKOINA U
O0epyt otcuer t’. MI3MeHeHne pa3sHOCTU Vv =f—¢' XapaKTepU3yeT BEIUYHUHY SKCLIEHTPUCHUTETA.
[Tpy OTCYTCTBHMM HEMOJBHYKHOTO HHJIEKCA €r0 POJb MOXKET BBINOJHATH JI00as HENOoJBHYKHAS
TOYKa B TOJI€ 3pEHUs] ONTHYECKOro MukpomeTpa. [lo maHHBIM HccienoBaHMs CTPOST rpaduk
U3MEHEHUsl BEJIMYUHBI V U MPOBOJAT HAa HEM IUIaBHYIO KPUBYIO THIA CHUHYCOWJBI;
OTKJIOHEHHE TOYEK Irpauka OT CHHYCOHUBI HE JOJKHO ObITh OombIe 15"

3aTeM BBIYMCIAIOT JKCLIEHTPUCUTET OCE M MaKCHUMAaJbHBIA JKCLEHTPUCUTET, 3HAYCHHE
KOTOporo He noibkHO mpeBbimath 40". B TeomonmmrTax ¢ JABYCTOPOHHHM OTCUHTHIBAHHEM
(MMEHHO K TaKUM TEOJ0JIMTOM OTHOCSTCS T€OJOIMUTHI cepuil T2) BIUsHUE HKCLHEHTPUCUTETA Ha
OoTCYéT mo JUMOY HCKIIOYaeTcs, OJAHAKO 3HAYUTENbHAs €ro BEJIMYMHAa MOXET IPUBECTU K
W3MEHEHHUIO PEHA Ha Pa3HbIX YaCTAX Kpyra, MO3TOMY NPEAEIIbHOE 3HAUYEHUE DKCLEHTPUCHUTETA
WHCTPYKIMEN OTPAaHUYEHO.

B Teomonutax ¢ OJHOCTOPOHHUM OTCUHTHIBaHUEM (Tuma T5) KakIblid OTCUET MO TUMOY
UCKaXXEH Ha BEJIMYMHY SKCUEHTPUCUTETA, IOATOMY METOJIMKAa U3MEPEHUH pa3pabaThIBaeTCs Tak,
4TOOBI UCKIIIOUUTH BIHUSHUE SKCLEHTPUCHUTETA.

YceTpoiicTBO M NOBEPKH BU3MPHBIX MAPOK M ONTHYECKUX HEHTPHPOB

B nonuronomerpum BusupHbiMu LenAMH (BLI) sBistoTCS BH3MpPHBIE MapKH, KOTOpBIE
YCTaHABJIMBAIOTCS Ha INTATHBBI HAJl 3aKPEIUIEHHBIMM HA MECTHOCTH IyHKTaMH C ITOMOIIBIO
ONTHUYECKUX LICHTPUPOB.

Busupnas mapka. OCHOBHBIMH JE€TajJsIMH BH3UPHOW MapKH SIBJISIFOTCS TOJCTAaBKa,
OJMHAKOBas II0 KOHCTPYKIUU C IIOACTABKOM TEOMOIUTa, W METAIMYECKUH IIUTOK,
YKPEIIEHHBIN Ha BTYJIKE, KOTOpasi BCTABJISETCs B 1MoAcTaBKy. O0e CTOpOHBI IUTKA OKpAIllEHBI;
1BeT (pOHA M PUCYHOK OKPACKH Y Pa3HbIX MapoK ObIBaeT pa3nu4HbIM. Ha muTke BepTHKAIBHO
HaHECEHa 4€pHas 0JI0Ca; CPEIHSS JIMHUSA 3TOM MOJIOCHl — 0ch cumMeTpuu Bl Mapku, — ciy>xut
JUHUEH NI BU3MPOBaHMs Ha HeE€ 3pUTENbHOW TpyOoil TeojonuTa. Mapka OKpallnBaeTcs
CIIeNUATBLHON (DITFOOPECIICHTHON AMaJIblO, TTOBBIMIAIONIICH SIPKOCTh (DOHA MAPKH, YTO MO3BOJISET
Ha0JI01aTh MapKy Ha PACCTOSHUM 0 5 KM. Mapka UMeeT KpYyIJiblil yCTaHOBOYHBIN YPOBEHbD.

BusupHas Mapka T0JKHA YIOBIETBOPATH JBYM F€OMETPUYECKUM YCIOBUAM:




- OCb KpYIJIOIO YpOBHS JIOJKHA OBITh MapajulesibHa OCH BpAIEHUS BU3UPHOM MapKH;
ITOBEPKA 3TOT0 YCIOBUS BBITOIHIETCS IO CTAHIAPTHON METOJMKE IMMOBEPKH KPYIJIOIO YPOBHS;

- OCh CUMMETPMM BU3MPHOW MAapKM JIOJDKHA COBIAJATh C OChIO BpalleHHs Mapku. Jlis
MOBEPKH 3TOr0 YCJIOBHUS C MOMOUIbIO HIJIbI (DUKCHPYIOT Ha BEpXHEH dYacTh MapKu e€ och
BPALICHUSA, U 3aTEM U3MEPAIOT TEOJOIUTOM TPU HAIIPABIICHUS: 1BA HAIIPABICHUA 1, U N, - HA

Kpasi IUTKa (JeBBIA U MpaBblil) U OJHO HAMpaBJICHUE 7 - HA UTy. HecummeTpust BUSUPHOH 11enn
OTHOCUTCIIbHO OCHU BpalllCHHUA MAapKW, BbIpa)XCHHAsA B JIMHEHHOM MCPEC, BBIYUCIIACTCA I10
bopmyie
_ PN
2-p

rie 8, =(n—n)—(n—n,); S- paccTosHUE OT TEOJOJIUTA [I0 BUSUPHON MAPKH.

[pumep: S =10xm; m, =0°01'14"; n, =0°54'11"; n=0°27'46"; n-—n, =2632"=1592";

7"10* mm
n, —n=2625"=1585"; a=————"-=018um.
2-2,06-10°"

Bennuuna HecuMMeTpUM He JOJDKHA MPEBBIATh | MM; Ipu OosibleM €€ 3HAYCHUH Mapka

Opakyercsl.

a

Ontuyeckuii neHTpup. OnTuyeckue HEHTPUPHI OBIBAIOT IBYX BUAOB: C MPSAMON 3pUTEIbHOM
TpyOOil M JTOMaHOW 3pUTENBHON TpyOoil. ONTHUYECKUI LEHTPUP C MPSIMOM 3pUTENBHON TPYOOi
IpeICTaBIsieT COO00M KOPOTKOQOKYCHYH TpyOy, Bpallalollylocs B IOJACTaBKE; YBEIMYECHHE
TpyObl paBHO 2,5° + 4% lleHTpup WMeeT MWIMHAPHYECKUH YPOBEHb C LIEHOW JIEJICHHUS,
OJIMHAKOBOM C LIEHOW JIeJIeHUsl YPOBHs Ha alujaje FOpU30HTAIbHOrO Kpyra teoponuta (157).
OKyJNSIpHBIA KOHEL TPYObI MMEET KPBIIIKY C HOTYC(HEepUdIecKoi MOBEPXHOCTHIO, HA KOTOPOW
HaHeceHa KpecTooOpa3Has HaceukKa.

Onrtuueckuit  aBycroponHuit uentpup OJIO wumeer JIoMaHyl 3pUTEIBHYIO TpyOYy,
MO3BOJIAIOILYI0 LIEHTPUPOBATh MOJACTAKY HAJ W IO TOYKOW MECTHOCTH; LIEHTPUP HMMeEET IBa
LHWIMHJPUYECKUX YPOBHSI, PACIHOJIOKEHHBIE IEPHEHIUKYISIPHO OJIUMH K Jpyromy. lloBepku
ONTUYECKOTO LIEHTPUPA:

- OcH UWIMHIPUYECKUX YPOBHEW JOJDKHBI OBbITh NMEPHEHAUKYISIPHBI K OCH BpPALLEHUS
LIEHTpUpa; 93Ta IIOBEpPKa BBINOJHIETCA 110 CTAaHJAPTHOM METOJUKE IOBEPKU
LWIMHJPUYECKUX YPOBHEH;

- Busupnas ock 3puTenpHON TPyObl ONTHYECKOTO LEHTPUPA JOJDKHA COBMANATh C OCHIO
€ro BpalleHusl.

[lenTprpoBaHMe NMOACTABKU HaJ LIEHTPOM ITYHKTA BBIIOJIHAETCS C MOMOLIBIO ONTHYECKOTO

LEHTpUpa N0 TOH € METOAMKE, YTO M IEHTPUPOBAHHE TEOJOJIUTA; 3aTeéM B IIOJCTaBKY
BCTaBJISIETCS] BU3UPHASI MApKa WA TE€OIOJINT.

MeTOoauKAa TOYHOTIO N3MEPCHUA TOPU3OHTAJBHBIX U BEPTUKAJIBHBIX YIJIOB

[Ipy TOYHBIX W3MEPEHUSIX TOPU3OHTAIBHBIX YIIIOB MPUMEHSIOT, KaK MPaBWIIO, CIOCO0
KPYTOBBIX MIPUEMOB; 3TUM CIIOCOOOM H3MEPSIOT YIiIbl HAa MYHKTAaX, IJI€ UMEETCS OOJIBIIE IBYX
HanpaBneHui. Ha myHKkTax, rie uMeeTcs BCEero Wb IBa HANIPaBICHUS, H3MEPEHUS IPOU3BOJISAT
croco0oM OTAeNbHOro yria (cmocobom mpuéMoB) 0e3 3aMblKaHHs Topu3oHTa. KommuecTBo
MPUEMOB 3aBHCHUT OT THIIA TEOAOJIUTa W Kiacca reoje3ndeckoii cetu (tadbnuua 11); momycku Ha
pe3ynbTaThl U3MEPEHUI MPUBEACHBI B Ta0uIEe 12.

Tabmuna 11 - KonnuectBo npuéMoB H3MepeHHUs! TOPU30HTAIBHBIX YTIIOB

MOIUTOHOMETPMU A
[TpuGopst 4 xiacc 1 pa3psg 2 paspsn
Teomonur T2 6 2 2
Teomomur T5 - 3 2

Hanpapnenusi Ha CTEHHbIE 3HAKU B MTOJIMTOHOMETPUU 4 Klacca U3MEPSIIOT TpeMsi KPyroBbIMU
npuéMaMu MOCJIe OKOHYAHUSI U3MEPEHHUSI YTIIOB 10 XOY.




Tabmuna 12 - Jlomycku Ha XapaKTepUCTHKM TOYHOCTH HW3MEPEHUH YIJIOB B
IOJIMTOHOMETPUU

OcCHOBHBIE XapaKTEPUCTUKH JJonmyckwu
TOYHOCTH YIJIOBBIX Hns teomonmurta T2 Hnsa teopmomura TS
U3MEPEHUI

PacxoxneHue HanpasieHUH B

nojaynpuémMax 8,07 0,2°
Pacxoxnenue HanpasieHU B

npuémax 8,0” 0,2
Konebanue 3nauenuii 2C B 12,0” -
npuéme

Konebaunue MEXITY

MOBTOPHBIMU HAOIIOACHUSIMU

HAYaJILHOT'O HarpaBJICHUS 8,07 0,2
(He3aMbIKaHHE TOPU30HTA) 8,07 0,2°
Konebanne HampaBneHuii B

npuémax

B mosmronomerpun 1-ro m 2-ro pa3psgaoB U3MEPECHHE HAIpaBICHUN HAa CTCHHBIC 3HAKU
MPOU3BOJUTCS IO MPOrpaMMe HM3MEpPEeHUM yrioB xonaa. [Ipu mpuBs3ke K CTEHHBIM 3HAaKaM
KoJie0aHusl HalpaBJICHUH, TPUBEIEHHBIX K OOIIEMY HYIO, B OTIACIbHBIX MpUEMax HE JOJKHBI
npesbiiath 107 mpu paccrosHuax menee 10 M u 157 mpu paccrosHusx no 10 M or
BCIIOMOTaTeNbHOTO IMYHKTAa A0 CTCHHBIX 3HAKOB.

[Ipu wu3MepeHuu YyrjioB Ha MPUMBIYHOM IIYHKTE PACXOXKICHUS MEXAY 3HAUYCHUSIMHU
M3MEPEHHOT0 U UCXOJIHOTO YIJIOB JOJKHBI OBITh HE Ooliee: 6~ B monuronomerpuu 4 xiacca, 10”
B [IOJIMTOHOMETpUU 1-T0 paspsana u 20 B OJIMTOHOMETPUH 2-TO pa3psija.

[ToarotoBka K W3MEPEHUI0 TOPU3OHTAIBHOIO YIia TEOJOJIMTOM 3aKIK4YaeTcs B
IIPAaBWJIBHOM yCTaHOBKE TEOAOJIUTAa W BHU3UPHBIX ILEJEH OTHOCUTEIBHO LEHTPOB ITYHKTOB,
¢buKkcHupyromuX yroja Ha MeCTHOCTH. [Ipu ycTaHOBKe TeoA0aMTa U BU3UPHBIX 1I€JIel Ha IITaTUBbI
UX LIEHTPUPOBAHHUE HY>KHO BBIIIOJIHATH C TOMOLIBIO ONITUYECKOTO LIEHTPHPA.

B nonuronomerpun 4-ro kiacca U 1-ro u 2-ro paspsiioB A OCiaOJEHHs] BIUSHUS
OLIMOOK LIEHTPUPOBKU M PENYKLIHU NMPUMEHSAIOT TaK Ha3bIBAEMYIO TPEXLITATUBHYIO CHCTEMY,
KOTOpas TpelycMaTpUBaeT PACCTaHOBKY TpeX WM Oojee IITaTUBOB C TOACTaBKAMHU O[T
TEOJOJIUT W BU3HMPHYIO MapKy cpa3y Ha HECKOJIbKUX ITYHKTaX MOApPS] U LEHTPUPOBAHUE
HITaTUBOB C MIOMOLIbIO ONTHYECKOTO HEHTpHpa (puc.48).

Pucynok 48 — TpéxmtaTuBHas cucrema

Ha mratuBe mynkra 1 ycTaHABIWMBAIOT TEOJOJIUT, a Ha INTATUBAaX MyHKTOB A u 2 -
BU3UPHBIE Mapku. /{151 U3MepeHus CIeAyroliero yria TEeOJ0JUT NEPEHOCAT Ha MyHKT 2, MapKy
CcO mTaTuBa A - Ha mWITaTuB 1, a MapKy co mTaTuBa 2 - Ha WITATUB 3 W T.J. A0 KOHLA Xoja. B
pe3yiapTaTe  M3MEPEHHBIMH  OKa3bIBAlOTCS  YIVIBI TaK  Has3blBa€MOro  '"BO3AyHIHOro"
MOJIMTOHOMETPUYECKOT0 XOJa, a HEe XOAa, OOpa30BaHHOIO IEHTpaMHu MyHKTOB. Ha yrmomyio




HEBS3KY XOJa BIHSIOT OIMOKH IIEHTPUPOBAHUSL TOJHKO Ha JABYX MYyHKTaX - HA HAYAJIILHOM U HA
KOHEYHOM MCXOJHBIX ITYHKTTax XO/a.

Ecnn nyig m3MepeHust CTOPOH XOJa HCIOJIb3YETCSl CBETOJAIBHOMEDP WM 3JIEKTPOHHBIN
TaxeoOMETP, TO OJHOBPEMEHHO C U3MEPEHUEM YIJIOB MOXHO BBIIOJHUTH U3MEPEHHE CTOPOH IO
TEM € IITaTUBaM.

LlenTpupoBaHMEe TEOAOJMTAa WM IITATUBA C IOJCTABKOM C IOMOILIBIO ONTHYECKOTO
LIEHTPHUpPA MOXHO BBINOJIHUTH IO TOH K€ METOJUKE, YTO U C IOMOIIbI0 HUTSHOIO OTBECA,
OJIHAKO, Ha MPAKTUKE YaCTO MPUMEHSIOT TaK HAa3bIBAEMBbIM "HENPaBUIIBLHBIN CIIOCO0", KOTOPBIH
MO3BOJISIET OBICTPO M € HYXKHON TOYHOCTHIO BBIIIOJIHHUTD CPa3y JIBE ONEpaIiH: IIECHTPUPOBAHUE U
TOPU30HTHPOBAHME MMOACTABKH MK TeogonuTa. [lopsiok aeiicTBuii B 3TOM criocobe:

1. mTaTtuB ycTaHOBUTH MPUMEPHO HaJ LIEHTPOM IIYHKTA;

2. Bpamjasi MOJbEMHbIE BUHTHI (JIH0OBIC U B MPOU3BOJIBLHOM HAINpPaBICHUHU) COBMECTUTDH B
1oJie 3pEHUs] OKyJsipa ONTHYECKOro HEHTpUpa u300pakeHHe LeHTpa myHKTa L[ ¢ mertpom
KOHIIEHTPUYECKUX OKpYykHOCTEH C;

3. Bpam@as anuaaxy, yCTaHOBUTb YPOBEHb IIpU alUAaJ€ TOPU30HTAIBHOIO Kpyra
NapajuieabHO JIMHUU, COEUHSIOEN OCTPUS JBYX HOXKEK ITATUBA;

4. yMeHbIIas UM YBEJIWYUBAs JUIMHY OJHOW U3 3TUX HOYKEK, YCTAHOBUTH ITy3BIPEK YPOBHS
B HYJIBIIYHKT C TOYHOCTBIO OJIHO-/BA JCJICHMUS,

5. moBepHyTh amuaany Ha 90° (T.e. YCTAHOBHTB yPOBEHB 1O TPEThEil HOKKE IITATHBA);

6. U3MEHsS JUIMHY 3TOW HOXKH, IPUBECTH MY3bIPEK YPOBHS B HYJIBIYHKT C TOYHOCTHIO
OJIHO-JIBA JICJICHUSI.

JleiictBust co 2-To 1m0 6-€ COCTaBIAIOT ONHO MpuOIMKeHHe. Ecnu LeHTp MyHKTa
pacnojaraercs B INIOCKOCTH T, IpoXosiiel yepe3 oCTpusi TPEX HOXKEK IITaTUBA, TO JOCTATOYHO
OJIHOTO - IBYX NMpuOImxkeHuii. Eciy neHTp myHKTa HaXOAUTCA BBIIIE WU HIDKE MII0CKOCTH T, TO
nocie 1-ro npubamKeHus cieayeT CHayajla OLEHUTb B IOJIE 3PEHMsI ONTHYECKOIro LEHTpUpa
paccTosiHue OT IEHTpa MyHKTa 10 Touku C — IEHTpa KOHIEHTPUYECKUX OKpyx)HocTel. [lpu
BBIMIOJIHEHUM 2- omepanuu 2-ro NpuOiIKeHus cleAyeT YCTaHOBUTH LeHTp L{ Ha HexoTopom
paccrosiHuu oT 1eHTpa C; BeNUYMHY U HampaBlIC€HHE 3TOTO PACCTOSHUS CIEAYyeT OLIEHHWBATh
OIIBITHBIM IIYTEM.

B 3aximoueHne TOYHOE TOPU3OHTHPOBAHME TEOAONUTA (TOACTAaBKM)  BBIMOJHSIOT
NOJXBEMHBIMA BUHTAMHU, TO €CTh, IPUBOJAT MY3bIPEK YPOBHS TOYHO B HYJBIYHKT IO OOBIYHOM
METOUKE.

Teopust "HempaBUIBHOTO croco0a" OCHOBBIBA€TCA Ha TOM (DaKkTe, 4TO MPH BpalleHUU
NOJXBEMHBIX BUHTOB TOYKA [TIOBOPOTA BU3UPHOM OCH ONTUYECKOTO LIEHTPUPA JIEKUT B IIJIOCKOCTH,
MPOXOJAIIEH Yepe3 OCTpHsl MOJBEMHBIX BHHTOB, @ NMPU U3MEHEHHM JJIMHBI HOXKKM IITATHUBA
TOYKa MOBOPOTA OCH JIEKUT B IIockocTy T. B mepBoM cilydae MOBOPOT MOJABEMHOIO BHHTA
IPUBOJIUT K OOJBIIOMY MEPEMEIIEHUIO KOHIIA OCH, a BO BTOPOM CJIy4yae OJUH KOHEIl 3TOH ocHu
MPaKTUYECKH HE M3MEHSET CBOETO MOJIOKEHUS, B TO BPEMS KakK MY3bIPEK YPOBHS HCHBITHIBAET
HAaKJIOH 3TOW OCH B MOJIHOW MEPE U 3aMETHO CMEIIAETCA.

[Ipu ycTaHOBKE TEONOJINTa HAa CTOJUK TIE€OIE3NYECKOrO0 CUTHAJa M BHU3MPOBAaHUM Ha
BU3HUPHBIE LIUJIUHAPHl CUTHAJIOB HYKHO BBINOJIHSTH OINpPEJEICHUE 3JIEMEHTOB LEHTPUPOBKU U
PEAYKIIMU W BBOJIUTh B M3MEPEHHBIC HAIPABIEHUS MOMPABKU, BBIUUCISEMBIE MO HM3BECTHHIM
dbopmynam [3].

Crioco6 kpyroBbix npuémMoB. Ha myHKTE CTOSHHS TEOJONHUTA BBHIOMPAIOT HavaJbHOE
HaIpaBJIEHUE C XOPOIIeH BUANMOCTBIO; OCTAJIbHBIE HAIIPAaBJIEHUS HYMEPYIOT MO XOAY 4acOoBOM
ctpenku (puc49).

3aTeM BBINOJIHSIOT CIEAYIOIINE ONepaliu:
KJI (xpyr n1eB0):

- YCTAQHOBUTH Ha TUMOE OTCUET, OJIM3KUI K HYJIIO, M HABECTH TPYOY Ha MyHKT HAYaJIbLHOTO
(mepBoOro) HampaBieHUS; B3ATh OTCUET MO JUMOY M 3amucaTh €ro B XKypHan (Tabnuia
13);

- Bpalas anuaaay 1no Xo1y 4acOBOW CTPENKH, HAaBECTH TPYOyY MOCIEOBATEIBHO HA TyHKT
BTOPOT'O HANpaBJICHUS, TPETHETO HANpaBJICHUS U T.JA., Oepsl KaKIbI pa3 OTCUYETHI IO
auMOy M 3alMchiBasg MX B JKypHQJI; CHOBAa HABECTHM TPyOy Ha IYHKT HAayaJbHOIO



HaIlpaBJICHUs, B3ATh OTCUET MO TUMOY U 3alucaTh €ro B )KypHall; BTOPUYHOE HABEICHUE
TpyObl Ha HAYaJIbHOE HAIPaBJICHUE HA3bIBACTCSA 3aMbIKAHUEM T'OPU30HTA;
- TmepeBecTH TpyOy uepes 3eHuT, ycranosus KII (kpyr mpaso);

n-1

KII (xpyr npaBo):
- HaBecTH TPyOy HA IMyHKT HAYAJIbHOTO HAIPABIICHUS, B3SITh OTCYET 110 JIMMOY | 3aITUCaTh
€ro B XXypHAJ;
- Bpamas anuaany MpoTHB XOAa YacOBOW CTPEJIKH, HABECTH TPYOy MOCIENIOBATEIbHO Ha
NYHKT TOCJICHET0 HAIPaBIICHUS, 3aTEM - MPEIIOCICIHEr0 HAlpaBICHUs U T.1., Oeps
KOKIBIA pa3 OTCUETHI MO JIMMOY M 3alMChiBas UX B XKYpPHAI; CHOBA HABECTH TPYyOy Ha

NYHKT HAYQJILHOTO HATIPABJICHUS, B35Th OTCUET 1O JIUMOY M 3aIucaTh €ro B KypHAI;

KII

KJI

Pucynok 49 — Cioco0 KpyroBbIX NpUEMOB U3MEPEHHUSI YTIIOB

3areM s KaXkIO0Tro HaNpaBiIeHMsI BBIYMCIAIOT cpeaHee u3 orcu€étoB npu KJI u KII,
3HaueHus 2C — ABOMHOM KOJUIMMAIMOHHOMN omMOKM, He3aMblkaHue ropusonta mpu KJI u KII,
CpelHEE He3aMbIKaHME TOPU30HTA, NONPAaBKM B HM3MEPEHHBbIE HAIPABIICHUS 33 HE3aMbIKAaHUE
UCIPABJIEHHbIE 3HAYCHHs] HANpaBICHUW W HampaBIeHMUS,
HauvanbHOMY HYyIO (Tabauna 13). KonTposnu 1 1omycku Kak Ajs OJJHOTrO Npuéma, Tak U JUIsl BCex
npuEMOB IIPUBEIEHBI BbilIe (Tabnuua 12).

TOPU30HTA,

Tabnuna 13 - O6pazern xKypHasla U3MEPEHUs! YTJIOB CIOCOOOM KPYTOBBIX MPUEMOB

IIPUBEACHHBIE K

HazBanu Kpyr OTtcuér OTCYETHI 110 a, +a, 3HaueHus
e (mopsio bl 110 MHKPOMETPY o | 2C=KJI- | KJKH | nHanpasne
HaIpasi K LITpUXa KII 2 1505071
eHUI JeWCTBU | M TUMOa
1)
1 2 3 4 5 6 7 8 9
8 KJI (1) 0’ 08,3” 09,2” 08,8” -18,4” 18,0
KIT (8) or 26,0 28,3 27,2 -0,0 0°00°00,0
180 01 ”?
B KJI (2) 76 09 29,8 31,0 30,4 -18,2 39,5 76 08
KIT (7) | 256 09 48,1 49,0 48,6 -0,4 21,1
10 KJI (3) 27008 39,6 40,9 40,2 -14,3 47,3 270 97
KIT (6) 90 54,0 55,0 54,5 -0,8 28,5
08
8 KJI (4) 0° 10,5 10,0 10,2 -17,9 19,2
KIT (5) or’ 27,0 29,1 28,1 -1,2
180 01
Hesambikanue:  A,, =+14"; A, =+09"; A =+12".




B cmocoGe kpyroBelXx MNpUEMOB OCHAONISIeTCS BIUSHUE OMIMOOK, JCHCTBYIOIIUX
MPOMOPLUOHAIEHO BPEMEHM, TaK KaK CpelHHEe OTCUETHl MO JUMOY IJISi BCEX H3MEpPEHHBIX
HANPaBIIEHUH OTHOCSITCS K OJHOMY (PH3NYECKOMY MOMEHTY BpEMEHHU.

N3mepenne otnenbHOrO yria (crnocod mpuéMoB) MPUMEHSETCS, KOTJa Ha MyHKTE CTOSHHS
TEOJ0JUTA BCErO /1B HAMPABIICHHUS; €r0 METOJIMKA U3y4aeTcsl B HAaYaJlbHOM Kypce reojae3uu [3].

BnusiHue BHEMIHMX YCIOBUM MPU TOYHBIX H3MEPEHUSX YIJIOB MOKET CYIIECTBEHHO
UCKAa3UThb DPE3yJbTaThl M3MEpPEHUH. BO IEpBBIX, caM TEOJOJUT IOABEPracTcsi BO3IAECHCTBHIO
COJIHIIA, BETPa, BIAKHOCTH; YTOOBI OCIaOUTh 3TO BO3ACHCTBHE, PEKOMEHAYETCS 3alluIlaTh
TEOJOJIUT 30HTOM M INTOPKaMHU. BO BTOPBIX, Takue SBJICHHs, Kak OOKoBas pedpakuus,
Kosie0aHue ¥ KaueCTBO M300pakeHUN MOTYT YBEJIMYUThH OUIMOKY BUSHPOBAHHUSI.

OmmOKy OT BIUSHUS BHEIIHUX YCIOBUH MOTYT OBITh Kak  CIy4YailHBIMH, TaK U
cucTemMatuyeckuMu. B pesynpTaTe  MHOTOJETHHX HCCIIEJOBAHMUN YCTAHOBJIEHBI Hanbolee
OJIaronpUsITHBIC IEPUOJIBI JIJIST U3MEPEHUSI TOPU3OHTAIBHBIX YIJIOB: 3TO YTPEHHSSI BUAUMOCTD -
CIyCTs TIojyaca IOcjie BOCXOJa COJHIA U 0 9 4acoB MECTHOTO BPEMEHH, U BEUYEPHSA
BUIUMOCTB ¢ 16 - 17 yacoB 70 mondaca A0 3axojia COJIHIIA. B macMypHyIo moroay mnpu ciadbom
BETpPe TMEPHOJbl XOPOIIed BUIMMOCTH MOTYT JJIUTHCA BCE CBETJIOE BpPEMsSI CYTOK, MCKIIOYast
IUTFOC — MUHYC TI0J19aca 10 U I0CJIe BOCX0/1a COJHIIA U JI0 U IOCHIE 3aX0/a COJIHLIA.

BeprukanbHble yriabl (yriabl HakjOHAa M 3€HUTHBIE PACCTOAHHUSA) . BepTUkanbHbIE YIJIbI
U3MEPSIOTCS AJI1 BBIYMCIICHUS NPEBBILICHUNA B TPUTOHOMETPUYECKOM HUBEIUPOBAHUU, KOTOPOE
IPUMEHSIETCS JJIsl ONPENETICHUS] BBICOT IIYHKTOB I'OCY/IapCTBEHHOM Ie€0/I€3MYECKON IIJIaHOBOM
ceru 1, 2, 3, 4 xmaccoB, s TNOCTPOEHHUS TI'EOJIe3UYECKUX ChEMOYHBIX CeTed U Juis
IIPOM3BO/ICTBA HAOIIOAEHUM 3a OCaIKaMl UHKEHEPHBIX COOPYKEHHH.

OCHOBHBIM MCTOYHHUKOM OHIMOOK IPH H3MEPEHUH  BEPTHKAIBHBIX YIJIOB SBISAETCS
BepTUKaiIbHAA pedpakiusa. Kosddunuent BepTukanbHOil pedpakuud MOXKeT OBITh OINpeaesieH
[0 Pa3HbIM METOAUKaM: 1) IO U3MEPEHHOMY 3€HMUTHOMY PAcCTOSIHHIO ¢ TOYKU 1 Ha TOUKy 2 U
U3BECTHBIM OTMETKaM JTHX TOYEK; 2) IO OAHOBPEMEHHO  HM3MEPEHHBIM  3€HUTHBIM
paccTOSHUSAM C TOYKM | Ha TOYKY 2 ¥ C TOYKH 2 Ha TOYKY l; 3) IO METEOopOIIOTHUYECKUM
JTAaHHBIM.

Kak mokaszanym MHOTrOJETHHE WCCIIEOBaHMs, 3MMHHUI MEpuoJl BOOOIIE HEMPUTOAEH s
TOYHBIX M3MEPEHHUH BEPTUKAIbHBIX YIJIOB, TaK KaK 3MMOH BIUSHUE pePpakiuu B /Ba C
JUIIHUM pa3a Oosiblie, yeM JeTroM. JlydmuM BpeMeHEM H3MEpeHHUs BEPTHKAJIbHBIX YIJIOB
ABIIeTCS BpeMs OT 9 yacoB yTpa 10 17 4acoB MOMOJIYJHU MECTHOTO BPEMEHH MPH HYETKHUX
n300pakeHUsIX BHU3MPHBIX wenei. [Iporpamma u3MepeHMI YIJIOB HAaKJIOHAa WM 3€HUTHBIX
paccTOsiHUM, Kak MpaBUJIO, COCTOUT U3 4 - 6 MPHUEMOB; JOIYCTUMOE PAacXOKJIEHHE YIJIOB B
npreMax 3aBUCUT OT KOHKPETHBIX YCIOBHH M KoneOiercs oT 15" B rocyaapcTBeHHOM
Tpuanryiasiuuu a0 1" - 5" npu HaOmoneHUsAX 3a OcaJKkaMu MH)KEHEpHBIX coopykeHui. [lpu
TOYHBIX M3MEPEHUAX BEPTHKAIBHBIX YIVIOB U3MEPEHUE BBICOTHI TEOJOJINTAa HaJ LEHTPOM
MYHKTa PEKOMEHAYETCSI BBIMOJIHITh HETMOCPEICTBEHHO C MOMOIIBI0 PYJIETKH, aHAJIUTUYECKUM
CHOCOOOM U C ITOMOIIBIO HUBEJINPA U PEHKH.

TOYHBIE U3BMEPEHUA PACCTOSITHUM
N3mepenue paccTossHMII MEPHBIMH IIPOBOJIOKAMH

B reonesnyeckux cersx cryuieHus (MOJMroHOMeTpus 4-To kiacca u 1-ro u 2-ro pa3psaoB)
OTHOCHUTENIbHAs OIMMOKa W3MEpeHUs CTOpPOH B cpemanem pasHa 1/40000, 1/30000, 1/20000
COOTBETCTBEHHO. C MOMOIIBIO MEPHBIX JIEHT ¥ MEPHBIX PYJETOK IPU U3MEPEHNUN PACCTOSIHUM
Mo 3eMJIE MOXHO JIOCTHYh To4yHOCTH u3Mmepenmit 1/3000, e myumie. st Gosiee TOYHBIX
WU3MEpPEHUI HY)KHO NPUMEHSATh KOMIAPUPOBAHHBIE CTaJbHBIE PYJIETKHM U MEPHBIE WHBapHbBIE
IPOBOJIOKHM,  HATSATWBAaE€Mble C TIIOCTOSHHON CHJIOW B IIOJBEIIEHHOM COCTOSIHUM MEXIy
MITaTUBAMU WM KoubsMH. [l u3Mmepenus pacctosHuil ¢ TouyHocThio 1/10000  moxHO
UCIONIb30BaTh ontuyeckue npambHoMmephl Tuna REDTA- 002, nnuHOMEp WM NPUMEHSTH
napajylakTHYeCKUi MeToj, OJHaKo, HambOosnee 3((EeKTUBHBIM OKa3bIBACTCS NPUMEHEHHE
CBETOJIaIbHOMEPOB.

Mepnast ©HBapHas POBOJIOKA M3TrOTABIMBAETCS U3 CIUIaBa MHBAP, COCTOSIIETO M3 XKele3a
(64%), nuxens (35,5%) u paznuunbix npumeceit (0,5%): yrmepoaa, KpeMHHsI, Mapraiia u jap.
JUIs  TPUJAHUS WHBapy TATYYECTH, KOBKOCTH, TBEpHocTtu. VHBap o0nagaer Xopouid



TEIUIONPOBOAHOCTBIO, MOYTH HE OKHCISETCS, XOpOoIo TMoamaércs oOpabOTKe U TMOIHPOBKE.
Kosd@umuent nuneiiHoro pacmmpenus uusapa pasen 0,5-107°, uto B 24 paza MeHbIIE, YeM y

cramu (12-107°). HemoctaTkoM WHBapa siBlseTcs ciabas CTaOMIBHOCTH BO BPEMEHH, UTO
BBIHYKJIA€T IMOJIBEprarb MHBAPHBIC MPOBOJIOKH ‘‘CTAPEHUIO” B TEUYEHUE OKOJO ABYX JieT. Jlis
XpaHEeHUsT W TPAHCIOPTHPOBKUA MPOBOJIOKA HAMAaThIBaeTCs Ha OapabaH W3 JIETKOTO CILiaBa
nuameTpoM 0,5 M, YCTaHOBJICHHBIM B JACPEBAHHBIN SAUTUK. [[pOBOJIOKM KOMIIApUPYTCS B MEPBBIE
roJibl TIOCJI€ UX U3TOTOBJICHUS 3 pa3a B ro/I; CIYCTS TPH - YETHIPE TOJ]a KOMIIAPUPOBAHUE JICTIAIOT
JIMIIB [Iepe]l HayajoM I0JIEBOTO CE30HA U MOCIIE €r0 OKOHYAHMUS.
Kaxast mpoBoJIOKa UMEET CBOE ypaBHEHUE, KOTOPOE B 0OIIEM BUE MPEACTABISAETCS TaK
I=I,+AN+a-l,-(t—t)+B-1,-(t—t,)*
3aeck: [ - (axkThdeckas JUIMHA NPOBOJOKH, [, - HOMHHaIbHas AJMHA IPOBOJNOKU, Al -

IIOCTOSIHHAS TONPaBKa, MoJlydyaeMas U3 KOMIIAPUPOBaHUS (CpaBHEHMsI IIPOBOJIOKH C ATAJOHOM)
opu Temmeparype f,, ¢ - TeMIeparypa IpPOBOJIOKM BO BpemMs H3MEpeHud, «,f -

TeMIeparypHble KO3(pQUIIMEHThl paclIMpeHHsl HHBApa, ONpeaessieMble pu
KOMITApUPOBAHUU; KOIDDUIIMEHT [ HCIOIB3YyeTCs TOJIBKO MPHU BBICOKOTOYHBIX M3MEPEHHSIX

pacCTOSIHUM.

WuBapHasi mpoBOJIOKa UMEET JIUHY 24 MeTpa U JuaMeTp MOMepeyHoro cedeHus 1,65 M.
Ha o0Goux KOHIIax MPOBOJIOKH PACIOJIOKEHBI IIKAIKHA C MUJUIMMETPOBBIMU JIEJICHUSIMU;, IITKAJTKH
HAHECEeHbl Ha KECTKHE IUIACTHUHBI TPEYTOJIBHOIO cedeHwus; AnuHa mkanok 80 mm. PaccrosHue
MEXIy HYJISIMH IIKAJIOK y MPOBOJIOKH, MOABEIICHHOW U PACTSIHYTON C MOMOIIBIO CTaHAAPTHOTO
o0opynoBanus, JOHKHO ObITh 24,000 M; YKIIOHEHHE OT 3TON BEIMUYUHBI JIOMycKaeTcs: He Oonee 1
MM.

[Ipn u3MepeHHsIX MO MIKAJIKaM MPOM3BOAAT OTCUETHI C TOYHOCTHIO JO JECATHIX JOJCH
MIDIAMETpPa, OTCUET 1O mepenHeil mkanke obo3Havaercs OykBoit 11, a mo 3axneit — OykBoit 3;
TOrJa JJIMHA OTpe3Ka, M3MEPEHHOTO C MOMOIIBI0 OJHOTO YIOXKEHHS IMPOBOJIOKH, pPaBHA
s=1,+Al+(I-3).
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ABHUIKCHUC HN3MCPCHUS

0| 3! 8|)===|o 11

MepHble nprOOpPHI, BKIIOYAIOLINE MEPHYIO HHBAPHYIO MPOBOJIOKY, HAa3bIBAIOTCS 0a3UCHBIMU
npubopamu; B CCCP Bwimyckanuce 0asucHbie npubopsl Tpéx Bumos: bII-1, BII-2, BII-3.
[TepBbie aBa mpUOOpa MPUMEHSUTUCH B TOCYIAPCTBEHHBIX I'€OAE3MUECKUX CETAX, MOCICAHUNA —
BII-3, - B cersix crymieHus (MoJUroHoMeTpusi 1-ro u 2-To pa3psnoB). B koMruiekT 6a3ucHOTO
npubopa BI1-3 BXOAAT: Tpu NPOBOJIOKU, MHBapHas JIEHTa JUIMHOM 6,1 M, 1Ba OJIOYHBIX CTaHKa C
THPSIMH, J1Ba OJIOKA, /IBA ONTHYECKUX LEHTPHUPA, NECATh 0A3UCHBIX MTATUBOB C IEJIHUKAMH, PeHKa
JUIS. HUBEJIMPOBAHUS LI€JIMKOB, OapabaH A MPOBOJIOK, OapabaH AJs JIEHTHI, MIECTh KapaOUHOB
JUIsL TIPOBOJIOK, YETHIpE CTPYHBI C KPIOUKAMM, UYEThIpE TEpMOMeETpa-Tipaiia Ajis H3MEpEeHHUs
TEMIIepaTypbl BO3yXa U APYyrue MeJIKue MpUuHaAJIeKHOCTH.

MeTtonuka n3MepeHus JIMHUU IPOBOJIOKAMU BKJIIOYAET 3 ONEPALNU:
- MOJTOTOBKY JINHUU K U3MEPEHUSM,
- IIPOU3BOJCTBO U3MEPEHUH,
- BBIUMCJICHHUE JUIUHBI JINHUU.

[TonroroBka JIMHHMM 3aKIOYAeTCd B PACCTAaHOBKE IITATHUBOB CTPOTrO B CTBOpPE JMHUM Ha
PacCTOSIHUU JUTMHBI MPOBOJIOKH (24 M =+ 1+3 cMm). PaccraHoBka MTaTUBOB BBIMOIHSETCS C
MTOMOIIIBIO TEOIOJIMTAa METOJIOM ““Ha ce0s”’ OT KOHIIA JTMHUU K €€ Hadary; IPU 3TOM HUCIIOIb3YETCS
METAJIIINYECKast PyJIETKA.

W3mepenne nAnuHBI JUMHUM  3aKIIOYaeTcs B YCTAHOBKE IEJIMKOB Ha  IITaTHBBI,
HUBEJIMPOBAaHUM LIETMKOB M U3MEPEHUU PACCTOSHUM MEXIy COCEIHMMHU Lenukamu. M3mepenue
paccTOSHUM BBIMOJIHAIOT METOJOM OTCUYETOB. OTCUETHI O IIKaJIaM MPOBOJIOKU C TOYHOCTBHIO 10
0,1 MM poM3BOAAT /1Ba HAaOMOJATENS IO KOMAHE PYKOBOJHUTENS paboT, KOTOPBIH 3alnChIBAET
OTCU€THl B JKypHaj, BBIUMCISET pa3sHOCTH (1/-3), KOHTPONMPYET MOJYYECHHbIE PA3HOCTU U
BBIUNCIISIET cpefHee U3 TpEx pasHocTed ¢ ToyHOcThio 10 0,01 mm. Ilocne mepBbIX OTCUETOB
MIPOBOJIOKY HEMHOI'O CABUTAIOT MO CTBOPY JMHUM U JI€JAlOT BTOPYK MHapy OTCYETOB; 3aTEM



C/IBUTAIOT MIPOBOJIOKY elIé pa3 U cHoBa OepyT mapy orcuéroB. Konebanue pasnocreii (17-3) ne
JIOJDKHO TIpeBbIIaTh 1 MM B TOJMUTOHOMETpUM 1-To M 2-ro pa3panoB. OJHOBPEMEHHO C
M3MEpPEHUEM JIMHUY (B Ha4aJle ¥ B KOHIIE JIMHUH) U3MEPSIOT TEMIIEpATypy BO3yXa.

JlnuHy TUHUY, TPUBEACHHYIO K TOPU30HTY, BBIYUCIISIOT 110 hopMyIie

'
s'=n-(I=1)+ D> (IT-3), +As, +As, + > r

rue: (I1—3),, - cpepnss pa3HOCTb OTCYETOB M0 NEPEHEH U 3a/{HEeH IIKaIaM IPOBOJIOKH,

As

@ - TMHEHHBIA KOOQQUIMEHT PaCIIMPEHUs UHBAPa, [, - CPEIHsAS TEMIIEPATYPa MEPHOTO

nprbopa pyU U3MEPEHUH JIMHUU B N IPOJIETOB, - TEMIIEpaTypa KOMIIAPUPOBAHNUS;

, - IIOIIpaBKa 3a TeMneparypy; As, = a.l.(tcp —ty)n

As, - mompaBkKa 3a IPHMBEIECHUE JIMHBI JIMHUM K TOPH3OHTY, As, :ZAlh , TIme
2 4
Al __hcp _ hcp .
TR TA

h_ - MPECBLIMICHUC MCKAY COCCAHUMMU LCIIUMKAMU

cp

27"' CymMMa OCTAaTKOB; HU3MCEPCHHOC 3HAYCHUC r' KaXXa0ro ocCTarka MCIpaBJIACTCA

MONpaBKaMHM 3a KOMIIAPUPOBAHUE, 3a TEMIEpAaTypy M 32 MPUBEACHUE K TOPU3OHTY
r=r'+Ar, +Ar, + Ar,;
2 4
Ar, =A—Z-r'; Ar, =a-r(t—t,); Ar, =—h——h—.
HcTouynnkaMu omnuOOK MPU U3MEPEHUN PACCTOSIHUI MPOBOJIOKAMH SIBIISIOTCS:
- omMOKa KOMITAapUPOBaHUS POBOJIOKH,
- omMOKa YCTAaHOBKH B CTBOP LITATUBOB,
- omMOKa HATSKEHUSI IPOBOJIOKH,
- omMOKa HUBETUPOBAHUS IIEJIUKOB,
- omMOKa U3MEpPEHUs TEMIIEPATyphl IPOBOJIOKH,
- ommOKa OT JeicTBUs BeTpa,
- omMOKa OT HEYCTOMYMBOCTH IITaTUBOB,
- OIIMOKa OTCYETOB IO IIKaJaM MIPOBOJIOKH.
JnvHa TMHUM HA TITIOCKOCTH MPOEeKINH ["aycca Beraucisercs mno popmyse
S, =sHAs, +As,,

Trac: ASH - IIOIIpaBKa 3a NPpUBCACHUEC JJIMHBI JIMHUHU K YPOBHIO MODPA, ASH =—=S:—),

H - cpeansist BbICOTa IMHUM HAJl ypOBHEM MOpsi, R - paguyc 3eMiu;
As, - TOmpaBKa 3a IpHUBEJIEHHE JUIMHBl JIMHUM Ha IUIOCKOCTb Ipoekuun ['aycca,
YZ
Asy = 5" —;
2R

Y - CpeaHdasa opAruHAaTa JIMHUU (paCCTOHHI/IC JIMHUU OT OCCBOI'0 MCpUJUaHA SOHBI),

[Tpy TmarenbHOM COOMIOACHUU TPeOOBAaHUI METONMKU HM3MEpPEeHUH Oa3hCHblEe NPUOOPHI
Moryt oOecrednTh oOwmuUOKY u3MepeHus paccrosuui 1:750000 (BII-1), 1:200000 (BII-2) u
1:100000 (BII-3).

IMapaniakTHYeCKMH MeTO U3MEPEHHUS PACCTOSIHUM

Hcroprueckuili. M TEOPETHYECKHH MHTEpEC NPEICTaBIACT NapAIAKTHUYECKUH METO.
U3MEPEeHUI pacCTOsHUs, KOTOpBIA OBbLI BIEpBbIE NMPUMEHEH B Havaje 19-ro Beka pyccKUM
reoge3uctom u actponomom B.A. Ctpyse.

Otpesok MN = b uazwiBaeTcs O6asucom (puc.50); ero mmuHa b momKHA OBITH M3BECTHA C
BBICOKOW TOYHOCTBIO; U3MEPSEMOM JMHUEH sBisieTcs ctopoHa AM =s TtpeyronbHuka AMN .
N3 3TOr0 TpeyroiabHUKa 10 TEOPEME CUHYCOB UMEEM



b. Sin(p+y)
Sing
Win s=b-Cosy+b-Siny-Ctggp . (3.6)

IIpu ycnoBuu, 4To yroa y 6musok k 90°, a yrom ¢ Man no senuuuse, u3 Gopmyisi (3.6)
MOXHO TOJIy4UTh (OPMYITY Ui TOJACYETa CpelHEeH KBaApaTHUECKOW OMIMOKU pacCTOSHUS,

BBIYHUCJICHHOI'O U3 MapalIaKTUYCCKOI'0 TPEYroJIbHUKA,
2

2 2
ms — ﬂ + ﬂ
S b 1)

Pucynoxk 50 — IIpocreiiee napajijiakTHI€CKOE 3BEHO

Baszuc b MoxHo HU3MCPUTH C OYCHb BBICOKOM TOYHOCTBIO, TO IICPBBIM CJIaraCMbIM B npaBoﬁ

b-
YaCTU MOKHO MIPEeHEOpeyb; KpOME TOTO M0 MAJIOCTH YIJIa (0 €ro MOXHO BBIPA3UTh (@ = op ,
Ky
m,2 m, g
M TOr'Ja - =,
s p b

bonee cnokHBIM BapHaHTOM SIBJISIETCS MapallIakKTHUECKOE 3BE€HO C CUMMETPUYHBIM (pHc.51)
WM HECUMMETPHUYHBIM 0a3zucoM (puc.52).
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Pucynok 51 — PomGuueckoe 3BeHO Pucynok 52 — PomGuueckoe 3BeHO
C CHMMETPUYHBIM 0a3ucoM C HECUMMETPHUYHBIM 0a31coM

Ecnu 6azuc MN nepneHIUKyIspeH K JUHUU AB anuHOH S , mpuuéM nuHueil AB 0asuc
JEJIATCS TOTI0IAaM, X U3MEPEHBI MMAPAJUIAKTUYECKUE YIIIBL @) U (@, , TO

b b
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SIZE-Ctg(j), S2:5-Ctg(72, s=s,+5,.



OtHocuTenbHAsT OMMOKA W3MEPEHHS [UIMHBI JIMHUKW C IOMOIIBI0 POMOMYECKOTO 3BEHA
BBIUKCISIETCS 110 opMyIie

m m

s 4 .
s o2
TO €CTh, IIPU OJIMHAKOBBIX YCIOBHIX POMOMYECKOE 3BE€HO TOYHEE TPEYTOJIHHOIO 3BEHA.

[Ipu HecummeTpuyHOM Oa3uce cienyer HU3MepuTh OTpe3ok PO =y, Ha3bIBacMbIi
HeCUMMeTpuel 6as3uca, U Toraa

b+2y o, +Ap,
=— . Cto(——2L
5 g ( 5 )

s, ,
b+2y p, +Agp,

s, =— - Ctg(—=) ,

2 ) g ( 5 )

S=5+S,.

VrioBsle BeIUUUHBl A@, U A@, BbIpaxaroTcs GopMynaMu

Sin(Ag,) = 2?)} -Sinp, u  Sin(Ap,) = 2?)} -Sing, .

Qopmyna cpeaHel  KBaJpaTHUECKOW OMMOKH  pAacCTOSHUSA, ONpPEAEIEHHOTO W3
HECUMMETPUYHOTO pOMOMYECKOr0 3BeHa OJJUHAKOBA C (POPMYIION /U1l CUMMETPUYHOIO 3BEHA.

YTOoN ¢ 1O BEIMYMHE JOIKEH OBITH 0KoNo 4°, TOYHOCTB €ro M3MepeHus — Ha ypoBHe 2";
uHa 6asuca okono 20 + 50 M; ommOKa MeprneH UKy IIpHOCTH 0a3uca K U3MEepseMon JIMHUH —
okouo 5'.

Jlna ompeseneHuss pacCTOSIHUM MapalyIaKTUYECKHUM METOJ0M HEOOXOAMMBI CIIEAYIOIUe
npuOOpbI: TOYHBIN ONTHYECKUM TEOJOJIUT CO IITATUBOM, JBa ONTHUYECKHUX LIEHTPUpPA, ABE-TPU
BU3UPHBIC MApKH, IBa-TPH IITaTUBA M O0a3ucHBIN nmpuoop BII-2 wiaum BII-3.

Jluanio u3MepsIoT ABa pasa (1o aByM 0aszucam); 0a3uchl H3MEPSIOT OA3UCHBIM MTPHOOPOM.
[TapammakTuueckue yriabl HU3MEPSIIOT TOYHBIM TEOJOJUTOM 4-6 mpuéMaMu; pacXoXKICHHE B
npuéMax He JOJKHO IpeBbmath 3" .Yron npu 6asuce (90° ) H3MEPSIOT OHUM TIPHEMOM.

WHoraa B mapajylakTHYECKOM METO/I€ UCIIONb3YETCs MOCTOSHHBIN 0a3Kc; Kak MPaBUIIO — 3TO
HaTsSHyTas MHBAapHas MPOBOJIOKA JJIMHON 24 M ¢ 3aKpeIui€HHBIMM Ha €€ KOHIAX BU3HPHBIMU
Mapkamu. ba3uc pacnonaratoT neprneHANKYISIpPHO K U3MEPsAEMO TMHUM ¢ oIMOKOM He Oosee 2.

m. 1
[Ipy — = ——— ¥ BeJIWYMHE NapaIaKTHYeCKoro yrma ¢ =8’ u3MepseMoe pacCTOSHHE
s 10000
m 1
JOJKHO OBITH He Oonee 179 M, ampu —- = —— - He Oonee 340 m.

s 5000

CymiecTByeT Takke KOPOTKOOA3HCHBINM MapaslakTHYeCKUH METOJl, B KOTOPOM poJib Oa3uca
BBITIOJIHSAET WHBAPHBINA K€3J1 JUIMHOM 2 M WU 3 M C BU3UPHBIMH MapKaMu. J[1sl MOBbIILIEHUS
TOYHOCTH M3MEPEHMH JMHUIO Pa30MBAIOT HA HECKOJbKO NMPUMEPHO OJUHAKOBBIX OTPE3KOB, U
KOKIBIA OTPE30K M3MEPSIIOT OTIENbHO; TaKOW CIIOCOO HA3bIBAIOT CTBOPHO-KOPOTKOOA3MCHBIM
napajylakTHYeCKUM MeTofioM. Ha mpakTuke NpUMEHSIOT Kak LeIbHbIe Ke3Jbl (KOHCTPYKIIMU
LTUCHU3, C.H. Becenosckoro, ['maponpoekta U ap.), Tak U pa300OpHbBIE (CTHIKOBBIE) >KE3JIBI
tina Bana (3Tu xe3msl BeimyckaroT dupmel “Kapn Ieiicc Mena” T'JIP u 3aBomom MOM B
Benrpun). Kak u 1106b1e reoe3sndeckre npuoopsl, MEpHBIE JKe3JIbl Iepel UX HCIOIb30BaHUEM B
MOJIEBBIX YCIOBUAX JIOJKHBI OBITh IPOBEPEHBI M UCCIIEOBAHBI.

H3mepenne paccrosinmii cBeTOaJILHOMEPAMH

CBeToJlaIbBHOMEP — 3TO T'eOJIe3UYECKUN M3MEPUTENbHBIA MPHOOp, C MOMOIIbIO KOTOPOTO
MO’KHO C BBICOKOW TOYHOCTBIO M3MEPSITH PACCTOSIHUS Ha MecTHOcTU. OH mpeacTaBisieT co0oit
AIIEKTPOHHBIN MPHOOP, B KOTOPOM (hOPMHUPYETCsl Y3KO HAINpaBJICHHBIN Iy4OK CBETa C YacTOTOMH
ot 3000 mo 36000 MI'; 3TOT My4OK CBETa MOAYJIUPYETCS MO aMIUIUTYJE HU3KOYACTOTHBIMU
AIIEKTPOMArHUTHBIMH KOJIEOaHUSAMU ¢ 4acToToit ot 7,5 1o 75 MI'u (anuna BosHe! ot 40 M 10 4
M). Ilydok cBeTa HampaBisieTcssi Ha OTpakaTelb, U 3aTeM OTPAKEHHBIN CUTHAN MPUHUMAETCS.
M3MepeHuto moUIeKHUT Pa3HOCTh (ha3 HU3KOYACTOTHBIX KOJeOaHH, TI0 KOTOPOM U oTpenensercs
paccTosiHuE OT MpUOOpa 10 OTpaKATEIIS.



@OpMyJIbI IS BEIYUCIICHUS PACCTOSHUS UMEIOT BH]T
A
D=2 29 V.
2r 2m 2f

3/1eCh: @' - 4aCTh pa3HOCTH (a3, KpaTHas 27, - 310 nenoe uncio N, A - 4acTh pa3HOCTH (a3 B

npezenax oJHOTO Mepro/a, COOTBETCTBYOIIAs BenyrHe AN - 1omepy (pa30BOro IUKIIA; HOTHAS
pasHocTh (ha3 Oymer @ = @'+A@; VvV - CKOPOCTh PacCIpOCTPAHEHUS FIEKTPOMATHUTHBIX BOJIH B

. v A
atmocdepe; f— uvacrora konebanuii. [Tockonbky mmHa BodHBI A =—, T0 D =(N+AN)- 5

A
Benmuunna E urpact pojib JJIMHBI MEPHOI'O an6opa; BenuynHa N ITOKa3bIBACT, CKOJIBKO pa3 3Ta

AJIMHa YKIIaJAbIBACTCA B HU3MCPACMOM PACCTOAHUH; BCIIMYMHA AN IIOKa3bIBACT, KaKad J0JIA
JUTMHBI MEPHOTO MPUOOpa paBHA OCTaTKY.

3nauenue N  mOMy4yarOT MpU M3MEPEHHUU PACCTOSHHUS HA HECKOJBKUX YacToTaX; A3TOT
MPOIIECC HA3BIBACTCS pa3pelleHueM HEOJHO3HAYHOCTH (KHOMKa “Tpy00” Ha MaHenu Mmpuodopa).
3nayenne AN u3Mepsercs ¢ MOMOIIBI0 (a30U3MEPUTENHLHOIO YCTPOIMCTBA ¢ TOUHOCTBIO OT 2°
10 0,5°, 9To COOTBETCTBYET OIMMOKE B H3MEPAEMOM PACCTOSIHHH OKOJIO 1 CM.

Cormacao I'OCT 19223-90 “CaeromanmbHoMepsl  reojae3umdeckue. OOmMe TEXHHUYECKUE
yCIIOBUS” B HAlllel CTpaHe BBIYCKAIOTCS CBETOIaJIbHOMEPHI YETHIPEX TUIIOB (TPYII):

CI - nnst rocy1apCTBEHHBIX T€OAE3MUECKUX CETEH;

CII — st npuKIIaIHOM T€0AE3UN U MAPKILIECHIEPUH;

CT — nns cereii crymeHus ¥ TONOrpaduuecKux ChEMOK;

CTJ — ans Tonorpaduyeckux chEMoK (auddy3Hoe oTpaKeHue).

Cpennsisi  KBagpaTtudeckas OIMMOKAa pPACCTOSHUS, HM3MEPEHHOIO CBETOJATbLHOMEPOM,
BbIpaxkaetcs (popmyson

my,=a+b-D-107°,
IJIe  a- KOHCTaHTa B MWLIMMETpax; b - KOHCTaHTa B €IUHMIAX IIECTOro 3Haka; D -
paccTosiHAE B MUJUTUMETPAX.
JIist KayK/I0# TPYIIBI CBETOAATIBHOMEPOB KO3((HUIHEHTHI @ U D HUMEIoT CBOM 3HAYCHHUS:
Cr' — (0,1 xm <D< 30km) a=lum; a=2mm; b=1; b=2;
CIl - (0,00l km <D< 5xm) a=0]lmm; a=05um; a=1lum; a=2mm,
CT —(0,002xkm <D< 15xm) a=5um; a=10mm; b=3; b=5;
CTH-(0,002xkm <D<500m) a=20mm.

YCTpOHCTBO KOHKPETHOIO CBETOJAJIBHOMEPA, MOPAJOK €ro IMOBEPOK M HCCIEI0BaHUM,
IpaBuJia MOJArOTOBKU K paboTe, METOIMKA U3MEPEHUsl pacCTOSTHUM, 00paboTKa U3MEPEHUH, - BCE
3TO MOJPOOHO OIUCHIBAETCS B JAOKYMEHTAIMM, IpUIaraeMod K KakIOMYy 3SK3eMIULIpY
cBeTOJlalbHOMEpa. 3/1eCh ClIeAyeT MOTYEPKHYTh JIMIIb TO, YTO IPU U3MEPEHHM PacCTOSHUM
CBETOAAJILHOMEPOM O00sI3aTE€IbHO BBIMOJIHSAIOT OINpPENENeHue METEOJJaHHbIX: TeMIepaTyphbl
BO3/yXa, JaBJICHUS U BIAXHOCTU. [I0 3TUM BeTMYMHAM BBIYUCISIOTCS MOMPABKHU B PacCTOSHUE
3a yKJIOHeHHE (PaKTUUECKUX METEOAaHHBIX OT HEKOTOPBIX CTAaHAAPTHBIX 3HAUEHUH, /I KOTOPBIX
MOJICYMTAHBI IOCTOSIHHBIE TPUOOpA.

IIpuBeném, HannpuMep, HEKOTOPBIE XapaKTEPUCTUKHN cBeTofanbHOMepa 2CT10:

Jnana3oH nu3MepseMbIX pacCTOSTHUI or 2M n0 10000 m;
®opmyna CKO usmepenus: paccTosiHui Smm+3-107° Dy, (Toectb, a=5 n b=3);
Jnana3on temneparyp or -30°C mo +40°C;
[ToTpebnsiemMast MOIITHOCTH 15 em;
Macca:  cBeromanbHOMEpa 5,5 xe;
BCET0 KOMIUIEKTa 85 ke.

Ha nanens ynpasnenus: ceeromganbHoMepa 2CT10 BeiHECEHBI ITM(POBOE TA0I0 IS BHIBOIA
HU3MCPCHHOI'0 PACCTOAHUA B MWIJIMMCTPAX MW HCKOTOPBIC KHONKHW W HNCPCKIIOYATCIIN: JIA
YCTAaHOBKM KOHTPOJIBHOTO OTCY€Ta, [UISl PETYJIUPOBKM TOJCBETKM CETKM HUTEH, A



pPEryIMPOBKU YPOBHSI CUTHAJNA, JUISl TEPEKIIOYCHUS PEKUMOB PadOTHI, I MEPEKIIOUEHUS
onepaunuii “HaBelleHue - CUET”, 11 YUETa JaBJICHUsT P U Temieparyps t.

INPEABAPUTEJIBHAS OBPABOTKA INIOJIUT'OHOMETPUH
BinsiHMe BHEHGHTPEHHOCTH TEO10JIMTA HA H3MepseMoe HallpaBJIeHue

[locne oxkoHYaHUs MOJIEBBIX U3MEPEHUM M NEpe] cAadyeil MaTepuaoB B KamMepaJbHbBIN
LHeX U1 CTPOroro ypaBHMBAHUs peE3yJIbTaTOB W3MEPEHUN BBIIOJIHSAIOT IIPEIABAPUTEIBHYIO
00paboOTKy MOJMTOHOMETPUYECKUX XOJOB WJIM CHCTEM XOJOB. OJTal IMpeaBapUTEIIbHON
00pabOTKM BKITIOYAET CIIEIYIOIIUE TPOLIECCHI:

- IIPOBEPKA MOJIEBBIX )KYPHAJIOB U IEHTPUPOBOUYHBIX JTUCTOB;

- cocTaBiieHHe paboueil cXeMbl X0/1a HJIU CUCTEMBI XO/I0B;

- BBIYMCIICHHE TIONPABOK B U3MEPEHHBIE YIJIbI 3@ BIUSHHUE LICHTPUPOBKH TEOJOJIUTA
U PEAYKLIIMYM BU3UPHOM LIEJIA HA BCEX IIYHKTaX;

- BBIYMCIICHHE TOPU3OHTAIBHBIX MPOJIOKEHUNH HW3MEPEHHBIX PACCTOSHUMA, TO €CTbh,
BBIUMCJIEHUE IIONPABKM 33 HAKJIOH JIMHUMU (32 MIPEBBIIICHHE MEXAY KOHLAMH JIMHUM); 3TOT
MIPOLIECC HA3BIBAIOT TAK)KE IPUBEJICHUEM PACCTOSIHUM K TOPU3OHTY;

- BBIYMCIICHHE IIONPABOK B TOPU3OHTAIBHBIC IIPOJOKEHUS 34  BIUSHHE
LEHTPUPOBKU CBETOJAIBHOMEPA M PEAYKLMIO OTPAXKATENSA; €CIU HM3MEPEHUs PacCTOSTHUM
BBITNOJIHSUIMCh MEPHBIMU IPUOOpaMU, TO 3TOT MPOLIECC HE BBINOIHSIETCS;

- BBIYMCIICHHE MTOIIPABOK B TOPU30HTAIBHBIE MTPOJIOKEHHS 3@ BBICOTY HaJl YPOBHEM
MODsI 1 3a IEPEXO0J K IUNIOCKOCTH ITpoekunu ["aycca;

- BbIUKCJICHHE PaO0UYNX KOOPAMHAT ITYHKTOB.

[Tycth Ha puc.53 ock BpalleHHs alnuIabl epeceKaeT TOPU3OHTAIBHYIO IIOCKOCTh B TOUKE
B1, a Touka B - mpoekuys BepIIMHBI U3MEPSIEMOI0 yIila Ha Ty K€ IUIOCKOCTh. PaccTosinue Mexay
toukamu B; u B 0603Ha4unM uepes |, paccrosiaue Mexay myHkTamu B u A —uepes S.

Pucynok 53 — Cxema BHeleHTpeHHOCTH TeofoiauTta  PucyHok 54 — Cxema peaykuuy BUSUPHOH LETU

Ecnu Obl TeomonuT cTosn B Touke B, To mpu HaBeraeHuu TpyObl Ha TOUYKYy A OTCUET IO
auMOy ObLT ObI paBeH b. [lepeHeceM Teo0MUT B TOUKY B1, COXpaHUB OpHEHTHPOBKY JTUMOA; IPH
3TOM OTCYET IO JUMOY MpH HABEICHHWU TPYOBI HAa TOYKY A W3MEHUTCS M CTaHET paBHBIM Dj;
pa3u4me 3TUX OTCYETOB HA3BIBACTCS OIIMOKOW HM3-3a IIEHTPUPOBKU TEOJOIUTA M 0003HAUACTCS
OyKBO¥i C.

U3 tpeyronbauka BB A nmeem

[ S

Sinc B Sin® '’

OTKyZa



Sinc =1- Sin® ,
S

Sin® '
S

WM 110 MaJIOCTH yTaa ¢ c"'=1/-

Bennunna | HaspiBaeTCs JIMHEWHBIM JJIEMEHTOM LEHTPHPOBKH, a yroi () - YIJIOBbIM
AIIEMEHTOM LEHTPUPOBKU; Yroi ¢ CTPOUTCA NPU TMPOCKIMU OCH BpAIICHUS TEONOJIUTa U
OTCYMTBHIBACTCS OT JIMHEHHOTO 3JIEMEHTa IO XOJY YacOBOH CTPEJKH JIO HAalpaBJICHUS Ha
Ha0JII01aeMblii TyHKT A.

[IpaBuBHBII OTCUET IO TUMOY OyeT

b=b +c.

Biusinne BHeleHTPEHHOCTH BU3HPHOI1 11eJIM HA U3MepsieMoe HanpaBjieHHe

Ecnmu mpoekiust BH3MpHOW 1enu (MapKd, BEXHM WM BHU3UPHOTO LWIMHIpPA) Ha
TOPH30HTANIBHYIO TUIOCKOCTh A1 HE COBIAIAET C MPOEKIMEH IEHTpa HabI0aeMoro myHKTa A, To
BO3HUKAET omIMOKa penykuuu BU3MpHOU menu (puc.54). Orpe3ok AA; Ha3bIBaeTCs JTUHEHHBIM
3JIEMEHTOM PEIyKIMK U 0003HauaeTcs |p; yron @) Ha3bIBaeTCs YIIIOBBIM 3JIEMCHTOM PEAYKIIUHU;
OH CTPOWTCS MPH MPOSKIIMHA BU3UPHOM IIETH ¥ OTCYUTHIBACTCS OT JIMHEHHOTO 3JIEMEHTA TI0 X0y
YacOBOW CTPEJIKH JO HANPABJICHUS HA MyHKT YCTAHOBKU Teo0iuTa. O0O3HAYMM MPaBUIILHBINA
orcueT 1o JmuMOy - b, pakrtudeckuii — by; ommbOka B Hanpasienun BA paBHa r.

U3 tpeyronpauka BAA; MOXHO HamucaTthb

l] _ Sl
Sinr  Sin®, '
Sin®
OTKyj1a Sinr =1, Radlacey ,
S,
" Sln@l "
WM 110 MAJIOCTH yriia =1 P
1
[TpaBunbHEI OoTCUeT 10 TUMOY Oyner
b=b +r.

HauGonbIiero 3HadeHus MONpaBkd ¢ M 7 JocTurarT npy @ =@, =90°(270°), korna
Sin® = t1. B aToM cityqae

CH:

/
S S,

[Tpu paboTe ¢ TEXHUUECKUMH TEOAOIUTAMH JOMYCTUMOE BIMSHHUE OMNOOK IIEHTPUPOBAHUS
TEOJIOJNTA ¥ PEIYKIIMHA BU3UPHOM IeJTM MOKHO NpHUHATH C=r=10"; mpu cpemHeM paccTOSHHUH
Mexay Toukamu S = 150 m monyuaercs, uto 1=1;=0,9 cm, To ecTh, TCOAOIUT MOKHO
LHEHTPUPOBAaTh C IOMOUIbI0 HUTSHOTO OTBeca. [Ipy TOUYHBIX H3MEPEHUSX YIJOB B CETSX
CTYILEHHS IOMYCTUMOE 3HaUe€HUE OIIMOOK IIEHTPUPOBKH M PEAYKIIUH CIeAyeT NPUHATh C=r=1",
yro mpu pacctosHuH S = 500 m mpuBoautT K ycnouroo I=l; < 25 mm; Takyoo TOYHOCTH
LHEHTPUPOBAHUS TEOAOJIMTa M BHU3UPHOM MapKd MOKHO OOECHEYHUTh JUIIb C TOMOIIbIO
ONTUYECKOTO LIEHTPUPA.

LlenTprpOBaHKE TE€OI0JIUTA C TIOMOIIBI0 HUTSHOTO OTBECA BKJIIOYAET JABE ONEPALUU:

- YCTAHOBKA LITaTUBA MPU FOPU30HTAIBHOM IOJIOKEHUU €r0 BEPXHEH IUIOIIAKA IPUMEPHO
HaJ LIEHTPOM IyHKTA,

- IepeMEILEHUE TEO0JINTa N0 BEPXHEN IUIOIIAKE IITAaTHBA A0 TEX MOp, IIOKa OTBEC HE
OKa)KETCsl HaJ[ IICHTPOM IMyHKTa (C OTKJIOHEHHEM OT HEro He 0oJiee 5 MM).



HCHTpI/IpOBaHI/Ie TCOAOJMUTAa C IMOMOLIBKO OINTHYCCKOI'O0 HCHTPUpPA OOBIYHO BBIMOJIHSIIOT
OOHOBPEMEHHO C€ TOpPHU30OHTUPOBAHHUEM, METOJUKA COBMCCTHOIO ULCHTPUPOBAHUA U
TOPU30OHTUPOBAHUA TCOAOJINUTA OIIMCAaHa BBIIIC.

IIpuBenenne n3mMepsieMbIX PacCTOSIHUI K IEHTPaM IYHKTOB

[Ipy m3MepeHUM paccTOSHUS CBETOJAIBHOMEPOM MOXKET BO3HHUKHYTh CHUTyallMsl, Korja
TOYHOE LIECHTPUPOBAHUE CBETOAAIbHOMEPA U OTPaKaTesl BBINOJIHUTD HE YJACTCS; B 3TOM Cllydae
HY’KHO BBECTH B U3MEPEHHOE PACCTOSIHUE NONPABKU 3a LIEHTPUPOBKY U PEAYKLIUIO.

[Iyctp Ha puc.55 Touka B o0Oo3HauaeT HeHTp MNyHKTa, a Touka Bj - mpoekuuio Ha
TOPU30HTAIBHYIO IUIOCKOCTh OCH BpAIICHUs CBETOJAIbHOMEpa; Touka A 0003HAYaeT IEHTP
BTOPOrO IyHKTa. M3MepuM 3Je€MEHThI LECHTPUPOBKU: | - NuHEHHBIN 27eMeHT U @ - yriIoBOU
AJIEMEHT; 110 AHAJIOTMU C LIEHTPUPOBKON Teoponuta (puc.53) yrosn & cTpouTcs MpU NPOEKLUUU
OCH BpalleHHs Mprdopa U OTCUUTHIBACTCA OT JMHEWHOTO 3JEMEHTa IO XOJy YaCOBOM CTPEIKH
JI0 HampaBJICHHUsI Ha HaOJr01aeMblil yHKT A (puc.55).

B Ttpeyronsauke BAB; yron mpu touke A oueHb Maj, MO3TOMY Ul YETHIPEX IOJIOKEHHUM
TOYKH B, OTHOCHTENBHO TOYKM B OyIeT BBIIONHATbCA OJHO U3 PpaBEHCTB: ) =0,
y=180"-0®, y=0-180"u y=360"°-©. Onyctu™M nepueHAUMKYIAp U3 TOuKM B; Ha
nuHuio BA u nipoBeném ayry paamycoMm S,;,, ¢ LIEHTPOM B TOUKE A; MOMpaBKa 3a IEHTPUPOBKY
AS. Oyner paBHa

AS =—1-Cos®—-h,

c

rae h — CcTpeiaka CerMeHTa, BbIUUCHseMas 1o ¢Gopmysie h=S, -(1-Cosg) WIH
e I*-Sin*® .
2-S

usm
AHaJOrMYHbIE MOCTPOEHUS! HAa IYHKTE YCTAaHOBKHM oTpaxkarenst (A - umeHTp nyHkra, Ajp -

IPOCKIMS OCH BpAICHUSI OTpaxkaTens, |y - JMHEHHbIA 2MeMEeHT u () - YrIoBOW 3JIEMEHT
penykuuu, puc.56) MO3BONAIOT Hamucarb (opMyny s BbIUMCIEHMA MomnpaBku — AS, B
MU3MEpPEHHOE 3HAYEHHUE PACCTOSHUSA 3a BIMSHUE PEAYKLIUN OTpaXkaTess

2 .
l”-Sin’®,

2.Su3}l/l
Paccrostaue S, mpuBeneHHOE K IIEHTPaM ITYHKTOB OYyZeT paBHO

AS =—1, -Cos®,—h, nu h =

S=8, +AS +AS,.

usm

Pucynok 55 — BHeneHTpeHHOCTH cBeTOIanbHOMEpa PucyHok 56 — Penykuust BUSUpHOH Lenu
Kak nmoxa3pIBatoT pacy€rsl, BIMSHUE BENMUUMH /h U A, Ha nonpaBku AS, u AS, HeBelHKO;

€CJIM IPUHATH YCJIOBHME, YTO UX CyMMapHOE€ OTHOCUTEIIBHOE BIIMSHUE HAa PACCTOSIHME S HE
npesbimaet 1/1 000 000, To moxy4aeM NpakTUYECKOE MPABHIIO:

S~ 1000 S 1000



BbrunciieHne nNONpaBoK 3a HAKJIOH JIMHHMH, 32 BLICOTY Ha/l yPOBHEM MOPS U 32 IepPexoa K
IV10CKOCTH npoexkuuu I'aycca

IlonpaBka 3a HakioH auHUU. [lycTe Ha MecTHOCTH HM3MepeHa JIMHUS AB =D c¢ yriom
HAKJIOHA V W MpeBbilicHHeM N mexny Toukamu 4 u B.
['opu3oHTaIbHOE MPOJNIOKEHHE S BBIYHUCIAIOT JIH00 yepe3 yrou HakioHa (S =d-Cosv

okt
)-

nwm S=D-AD, rne AD=2-D~Sinzg), nn6o uepe3 npesbiiene (S =D———
[Ipuseném BeIBOA mocnenHeil ¢popmynsl. Ilo Teopeme IMudaropa umeem D° =8> +h* wm

2D 8D°

S? = D* — h?; nanee numem
n e 1/2
2 2 .

S :D (I—E), S:D l_ﬁ

BTOpOC cjJaraeMoe B CKOOKax HaMHOI'0O MEHBIIE CAWHUIBI, IIO3TOMY PaA3JIOKUM I[pO6Hy1-O

CTEIEHh CKOOKH B pAa U OTpaHUYIUMCA TPEMS YWICHAMU Pa3JIOKCHUA
1/2
2

l-— | =1—-—
D? 2D* 8D*

YMHOKHM 3TO BhIpaXeHHE Ha D ¥ MoryduM HCKOMYI0 GopMyiTy.
[lonpaBka 3a BBICOTY HaJl YPOBHEM MOps. JTa MOMpaBKa BBOJAUTCS B TOPU3OHTAIBHOE

IPOJIOKEHUE JIMHUM I TOro, YTOOBI IMPHBECTU TOPU3OHTAIBHOE IPOJOKEHUE JUHUM K
HOBEPXHOCTU pPepepeHI-3IUINICONIA, TO €CTh, HANTH €ro TOPH30HTAIBHYIO MPOCKIHI0 S, .

BbIpazuM ropusoHTanbHOE MPONOXKEHHE S W TOPU30HTAIBHYIO MPOEKLUHI0 S, 4epe3 paauyc
3emnu R, BbIcOTY H , TOUKM A U LIEHTPaIbHBIN YTOJI €, BBIPAXKEHHBIN B paguaHax (puc.57 ),
S=R+H,)-¢ u S, =R-¢.

-1

s, S S H
anee cneqyer £=-—=——— oTkyma S, =R-———=§-|1+—=2
A Y R R+H, ‘ R+H, R
Pa3HO)KI/IM 6I/IHOM B pf[[[, OrpaHI/I'-H/IBIHI/ICI) ABYMSL YqJICHAMHA pa3HO)KeHI/I${, 158 HOJ‘Iy‘-H/IM
H H
S, =S 1-"4]=g_5.74
R R

H AS
MoxHno Hanucate S, =S —AS,,, rae ASH=S'7A,OTKy,Z[a TH:TA,



Pucynox 57 — K BeIBOZy hOpMYyIIBI 32 BBICOTY

ITorrpaBka AS,, Ha3pIBaeTCs MONPABKOH 3a NMPUBEIECHUE PACCTOAHUN K YPOBHIO MODPS WMIIH
MOMPaBKOW 3a BBICOTY HaJ DJJUIMIICOMAOM; OHa Bcerga otpuiarensbHa. OTHOCHUTENbHOE

AS,,
HCKaXKEHHE R JUTSL pa3HBIX TUIOB penbeda mpuBeaeHo B Tadnuie 14.

Tabnuna 14

Tun penbeda Bricora H AS, /S
PaBHUHHBII 100 m 1/ 64000

200 M 1/ 32000
BcexonmiteHHBIH 500 m 1/ 12800
[pearopHsIii 1 000 1/ 6400
I"opHbIit 2000 1/ 3200

3000 1/ 2100

IlonpaBka 3a mepexoJi K INIOCKOCTH Ipoeknuu I'aycca. Ota IMoIIpaBKa BbIYHCIIACTCA I10
2

Y
dopmyne AS, =S- 5 rae Y - paccTosiHME JMHHHM OT OCEBOIO MEpHUJMaHa 30HbBI; OHA

2 b

BCer/ia MOJIOKUTEIbHA.

JUlnHa 7$MHUM Ha IUIOCKOCTH TMpoeKkuuu [laycca, TakuM o00pa3oMm, IOJy4yaeTcsl U3
MU3MEPEHHOT0 PACCTOSIHMSI, MCIPABICHHOIO 32 HAKIIOH JMHHM K TOPU30HTY, 3a LIEHTPUPOBKY
CBETOJIaIbHOMEpA U PEAYKILIHIO OTpaXkaTessl, 3a BBICOTY JIMHUU HaJl 3JUIMIICOMAOM U 3a MEpexXo]l
K IUTOCKOCTH IpoeKiuu ['aycca.

Boruncienue paﬁotmx KOOPAUHAT MYHKTOB MOJUTOHOMETPUYICCKUX XO10B U ceren

Bbruucnenne npuOMMKEHHBIX MM “paboyMX KOOPAMHAT’ TMPOU3ZBOAMTCA IO TOH XKe
METOJIMKE, TI0 KOTOPO 00pabaThIBAlOTCS U3MEPEHMS B TEOJOJUTHBIX XOAaX, TO €CTh, METOAOM
IIOCJIE0BATENBHOIO pacipenencHuss HeBsA30K [3]. CHauasla BBIUMCIIETCS YIJIOBash HEBSI3KA U
OILICHMBAETCS KAyeCTBO YTJIOBBIX M3MEPEHUI; 3aT€M BBIUMCISIOTCS KOOPAMHATHBIE HEBSI3KU, a
TakXe a0COOTHAsE U OTHOCHUTENbHAS HEBA3KH U OLIEHUBAETCS KAueCTBO JIMHEHHBIX U3MEPEHU.
HeobxonuMocTh B oay4eHUH paboyuX KOOpIAMHAT BO3HUKAET TOI/1a, KOT/la ChEMOYHbIE Pa0OThHI
IPOM3BOJIATCS Cpasy *ke MOocie CO3JaHusl CbEMOYHOIO 0OOCHOBAHUS, TO €CTh, 10 KaMEpaJIbHOI0
CTPOTOro ypaBHUBAHHUS INOJMTOHOMETPUYECKUX XOJOB M CHCTEM XOJAOB. Tak, Hisi ChEMOK B
macmTabe 1:5000 nocTtaToYHO 3HATH KOOPAMHATHI MYHKTOB ¢ OomMOKoW 0,5 M; Ui ChbEMKH B
macmrade 1:2000 — 0,2 m. Takue TpeOoBaHHS MOXKHO OOECIEUUTh M MPHU MPEIBAPUTEIBHBIX
BBIUMCJICHUSIX TOJUTOHOMETPUH U TEOJO0IUTHBIX XOJ0B.

OneHka TOYHOCTH Pe3y/IbTATOB YIVIOBBIX H JIMHEHHbBIX H3MepeHuil

[lepen ypaBHMBaHMEM BCEW CHCTEMBl IOJIMIOHOMETPUYECKMX XOJOB Ha OOBEKTe
HEO0OXOUMO OIIEHUTh PEaJbHYI0 TOYHOCTh M3MEpPEHUH YIJIOB M CTOPOH B xojax. IlpaBuiibHO

NOACYUTAHHBIC CKO HU3MCPCHUA YIJIOB U CTOPOH mﬂ,ms MO3BOJIAOT MPAaBHUIIbBHO HA3HAYUTH

BECa YIJIOBBIX M JIMHEHHBIX U3MEPEHU U, Cle0BaTEeIbHO, 00ECIIEUUTh ONTUMAIbHBIE YCIOBUS
JUIsl ypaBHUBAHUS OTJEIBHBIX XO/I0B U CHCTEM XOJI0B.

OrneHKa TOUHOCTH U3MEPEHMSI YTIIOB MOXKET BBIIIOJIHATHCS:

- 10 YKJIIOHCHMSIM OT CPEIHETO B IPUEMaX;

- II0 pa3HOCTSAM JIBOWHBIX U3MEPEHUN;

- 110 3HAYCHMSIM YTJIOBBIX HEBSI30K B OT/JENIbHBIX ITOJINTOHOMETPUYECKUX XO1aX.




CoOTBETCTBEHHO €CTh U TPH pa3HbIX Habopa ¢opmyn ans Beraucienus CKO usmepeHus
YIIIOB M.

V2
Bl

Jist onHoro npuéma u3MepeHus yrna - m, = , TIe k - KOJIMYECTBO NPHEMOB, v, -

VKJIOHEHHUE YyIJIa B KaXKJIOM IpUEME OT CpPeIHero u3 Bcex npuéMoB. Ha myHKTe uncio npuéMoB
ObIBaeT OT 2 10 6, MOATOMY HAJIEKHOCTh TAKOTO MOACYETA M 5 HEBEIIHKA, TeM OoJjiee, 4TO Ha

Pa3HbIX NYHKTAax 3HAYCHHUC mﬂ MOZKCT MOJYUYHUTHCA PA3HBIM. HpI/I HCIIOJIb30BAHUU PE3YJILTATOB

u3Mepenuii Ha n nyHkTax xoma CKO wm3mepeHus yria OIHUM NPUEMOM BBIYHCISIOT I10
bopmyie

a CKO cpennero 3nauenus yria u3z k npuémon — o ¢popmyiie
_ g
ﬂ - "
Jk
HaGop ¢dopmyn miis OmeHKHM TOYHOCTH HU3MEPEHHUs YIJOB MO PA3HOCTSAM JBOMHBIX
U3MEpEHUIl Mbl IPUBOAUTH HE OYyIEeM.

CKO wu3mepeHuil yrioB IO 3HAYEHHUSIM HEBA30K B OTHEJIBHBIX XO0JAax (IIOJUIOHAaX)
BbIUMCIIsETCA 10 hopmyIie

3J€Ch: fﬂ - yriioBasd HEBA3Ka B XOH€, 71 - KOJIUYCCTBO CTOPOH B XOI€, N - KOJIHYECTBO XOJIOB

(MOUrOHOB).
YpaBHUBaHHUE NOJUTOHOMETPHYECKOT0 X0/1a KoppeaaTHbiM cniocodom MHK

B nonuronomerpuueckoM xojie, Kak U B JJF0OOM IMOCTPOEHHUH, BBIACIISIIOT TPU THUIIA JaHHBIX:
UCXOJIHBIE JITaHHBIE (3TO — KOOPAMHATHI MIEPBOrO M MOCIETHEr0 MYHKTOB X0/a U JUPEKIUOHHBIE
yIJbl MPUMBIYHBIX HaNpaBiICHUM B Hayajde M B KOHIIE X0J1a); U3MEpPEHHbIE JaHHbIE (3TO —
TOPU30HTAJIbHBIE YIJIbI, UX KOJMWYECTBO PaBHO 7 +1, W JUIMHBI CTOPOH XOJa, UX KOJIUYECTBO
pPaBHO 7); olpeseNsieMble JaHHbIE (3TO — KOOPAMHATHI ONPENEISIEMbIX IIYHKTOB, UX KOJIUYECTBO
paBHO t=2-(n—1)).

Meton HauMeHBIIMX KBaJApaToB HUMeEET [JBE MOAUPHUKAIMM:  MapaMEeTPUUYECKUH U
KOppeNaTHbIi crocoObl ypaBHUBaHUA. B mepBoM M3 HHUX KOJIMYECTBO HOPMAJBHBIX YpaBHEHUN
PaBHO KOJIMYECTBY OIIpPENENIIEMbIX HEM3BECTHBIX, BO BTOPOM — KOJHMYECTBY H3OBITOYHBIX
U3MEpPEHHUl; MpH py4YHOM CYET€ TOT WM HMHOW crnoco0 BBIOMpaTM B 3aBUCUMOCTH OT
COOTHOLIEHUS 3TUX YHUCEN; YpPAaBHUBAHHWE IIOJUTOHOMETPUYECKOTO XOJa, KaK IIPaBHIIO,
BBITMOJHSJIOCH  KOppenaTHbIM — criocoboM. [lpu mMammHHONW 00paboTke Ha MEepCOHAIbHOM
KOMITbIOTE€PE KOJMUECTBO HOPMAIILHBIX YPaBHEHUH OOJBIIOrO 3HAYSHUS HE UMEET, U Ha MepBBIi
IUTaH BBICTYMAeT MPOCTOTa AJIropuT™Ma TOro WM HMHOro cmocoba. [lo sTomy mokasarento
napaMeTpuuecKuil crnoco® YpaBHHUBAaHUS OKa3ajucs MPEANOYTUTEIbHEE KOPpPEeIaTHOro, W B
HacTodAllee BpeMs OOJBLIIMHCTBO MPOTpaMM YpaBHUBAHMSI T€OAE3UUYECKHX MOCTPOEHUI
COCTaBJIEHBI B COOTBETCTBUM C QJITOPUTMOM IapaMETPUUYECKOro ypaBHuBaHusA. KoppenaTHbiil
crocod MbI paccMaTpUBaeM B HCTOPUYECKOM U TEOPETHYECKOM acleKkTax MpoOIeMbl
YpaBHHUBaHMSI.

Kak ormeuanoch B rnaBe 2, B MaTpUYHOW 3allMcU Teopusi KoppenaTHoro crnocoba MHK-
yYpaBHMBaHMs MMeeT cieayroumii Bua. CucreMa ypaBHEHHMH IONPABOK 3allMCBIBAETCS B BHJIE
MaTpUYHOTO YpaBHEHUS

A,V ,+W,=0;

nl

31ECh A - wmar HUIla KO3 HUIIMCHTOB aBHCHUM MOIIPaBOK asMCpPOM  rn\r CIpPOK H
m

n cToNOLOB); V, - BEKTOp MompaBoK pa3mepoM nl(7ncrpok, 1 cronben); W, -BEeKTOp HEBA30K



pasmepom 71 (7 cTpok, 1 cTosber); 7 - KOIUIECTBO U3MEPEHHM, - KOJHUYECTBO OMPEACIAECMBIX
HCU3BCCTHBIX, 7 - KOJIMYCCTBO I/I36I>ITO‘-IHI:IX H3MCpCHPII>i, PaBHOC KOJINYCCTBY yCHOBI/Iﬁ r=n-—t.

T .
VYcioBue MUHMMYMa CyMMBI KBaIpaToB IMONPABOK 3anucbiBacTca Tak V) - P -V, =min.
CucreMa HOpMAJIBHBIX YPaBHEHUH KOppeaaT UMEET BUJ
Nrr 'Krl +W;1 :0’
rie N, - marpuna ko3hGUIMEHTOB HOPMANbHBIX ypaBHeHuil koppenar, N, = A, -T1, - A ;

1
IT, - maTpuna oOpaTHBIX BECOB M3MEPEHHBIX 3JIEMEHTOB, 7, =—, K, - BEKTOp Koppenar

p;
pazmepoM r1. [lompaBku B U3MEpPEHUS BBIPAXKAIOTCS Yepe3 KoppenaTsl o hopmyrie
_ T
I/:11 - Hnn ' Arn ’ Krl '

B oTnenbHOM MONMUTOHOMETPUYECKOM XOJI€ TPU M30BITOUYHBIX U3MEPEHMSI U TPHU YCIOBHBIX
YpaBHEHUS CBSI3H.

[TepBoe ypaBHEHHE — YCIIOBHOE YPAaBHEHHUE TUPEKIIMOHHBIX YTJIOB
["ﬁ J+7 5 =0,

Iie fj- yriaoBas HEBs3Ka XO/@; ISl JICBBIX YIJIOB f, = Z B, —(a, —a, +180" - (n+1));
1 - KOIIMYECTBO CTOPOH B XOJI€; V,; - TIONPABKU B U3MEPEHHBIE 3HAYCHUSA YIIIOB.

Emé 1Ba ypaBHEHUs — 3TO YCIOBHbIC ypaBHEHHs KoopauHaT (X u Y):

[VAX]+fX:0; [VAY]+fY:O'
3peck fy U f, - KOOpAUHATHBIC HEBA3KU; [, = ZAX P 0. G, G I
Sy =2 AY,, ~ (Y, =Y,.).
[lonpaBku v,, ¥ Vv,, - 3TO INONPABKM K BBIYUCICHHBIM 3HAYCHUSAM IPUPALICHUH

KOOpAWHAT, KOTOPBIC SABJIAIOTCA 3aBUCUMBIMHU BCIMYUMHAMMH, 110 TCOPHUU MHK B YPaBHCHUAX
JOJDKHBI CTOATH IIOIIPABKKU K MU3MCPCHHBLIM 3JICMCHTaM ﬂ n S. Hpeo6pa3OBaHHe YCIOBHBIX

YpaBHEHUU KOOPIHMHAT BBIMOJHIETCS ¢ MOMOIIbIO nuddepeHnanbHbX GopMyll TpUpalieHui
KOOpJAMHAT

v v
a4 . _ Qs %
Vay, =Cosa, -vg —AY -—; Vay, =Sina; -vg +AX -—.
P P
B stux ¢opmynax uepes AX um AY o00o03HauYEHBI MPUPAIIECHUS KOOPAUHAT MO CTOPOHAM

Xo4a;, v, U V, - IIOINPABKHU B NUPCKIHOHHBIC YIJIbI U JJIMHBI CTOPOH XOJ4. Ecmm BBIPA3UTH S B

KHJIOMETpPax, MOIMPAaBKU B YTJIbBI — B CCKYHAAX, IMONPAaBKW B JJIMHBI CTOPOH — B CAHTUMCTpPAxX, TO
3HaueHue p = 2,06265.

YcaoBHEIE YpaBHCHUA KOOPAWHAT 3aIMMIIYTCA B BUAC

[Cosa-vs]—l-[AY'va]Jer =0,
Vo

[Sina-vs]+%-[AX-va]+fY:O

OTn ypaBHEHHUs €UI€ HE SIBISIFOTCS OKOHYATENbHBIMM, TaK KakK IONPAaBKH B AUPEKIIMOHHBIE
YTJIbl HY’)KHO BBIPA3UTh YEPE3 MTONPABKU B U3MEPEHHBIE YIIIbl. BeIpa3uB KaKbIil TUPEKIIMOHHBIN
YIOJI 4epe3 U3MEPEHHBIE YIJIbL, I0Jy4YUM

[Cosa-vs]—%-km—Y)-vﬂ]+fx ~o,

[Sina'vs]"'%'[(Xnﬂ _X)’Vﬂ]+fy =0

Takum oOpa3om, Bce yCIOBHbIE YPaBHEHUS TOTYUYEHBI.
HopmanbHble ypaBHEHUST KOppeEIaT UMEIOT BUJ

[qaa]'kl +[qab]-k2 +[qac]-k3 +f,g =0,
[gab]- k, +[gbb)- k, +[gbc] ks + £ =0,
[gac]-k, +[gbc]- k, +[gec]-k; + £, =0.



. 1
B »THX ypaBHeHUsX yepe3 ¢ 0003Ha4YeH 0OpaTHBINA BEC M3MEPEHHBIX BEIMYUH ¢ = — .

[TpuBenéM MosHyI0 3aIUCh HOPMAJIBHBIX YpaBHEHUIN KOppeiar:

q q
qs-(n=1)-k —f[(xm -V)]-k, +ﬂ—j)-[(Xn+l ~X)]-ky + £, =0,

[ =)k 5 [0 -1 Je g - Cos'alp -k, -
P P

—{qi{(m ~1) (X, — )]+ g5 Cosar- Sina]}~k3 /=0
P

q q .
f[(XM — X))k + p—’i[(Y,m ~Y) (X, - X)]+|gs - Cosa-Sinal} -k, +

+{qp€- X, - 202+ [gs ~Sin2a]}-ks +fy =0

W3 pemieHnss HOPMAJIBHBIX YPAaBHEHUM KOppenaT HaxXOAT 3HA4YeHUs TpEX Koppesar
ki, k,,k;.

HOHpaBKH B USMCPCHHBIC 3HAYCHUA YIJIOB U CTOPOH XOAa BBIYUCIIAOT 1O (1)OpMyJIaM
1 1
Ve, =dp - k, _;'(le -Y)-k, +;'(Xn+1 - X)) ks ¢y

Vs =45 -{Cosai -k, +Sina, -k3}.

HOHpaBKI/I B JUPCKIMUOHHBIC YIJIbI ITOJYYAIOT 110 IOIIpaBKaM Vﬂ‘ .

YpaBHEHHBIEC YIUIBI, AUPEKLUOHHBIC YITIbI U JJIMHBI CTOPOH HAxOoNAT IIyTEM BBEICHUSA
IONPaBOK Vg sV, Vs . YPaBHCHHBIC 3HA4YCHHS MPUPALICHUH KOOPAMHAT HAXOMIT IO

YPaBHCHHBIM JIMHAM W AUPCKIOUOHHBIM YIrjlaM CTOPOH XOJa. 3aKII0UYUTEIHHBIM KOHTPOJIEM
BBIUMCIICHUHN SABJISIIOTCS PaBCHCTBA

[AXyPJ: XKOH _Xyaq ! lAYpr: YKOH —qu.

YpaBHuBaHUE MOJUTOHOMETPUM NapaMeTpuyeckum cnocooom MHK

Kak oTrmeuanoch B ri1aBe 2, B MATpUYHOM 3anucu napamerpuieckuii cnocoo MHK-
YPaBHUBAaHUS UMEET BUJ|

- TIapaMeTpPUYECKHUE ypaBHeHMs rmonpaBok A, -AX, +L, =V, ,;

nl?

- HOpMaJIbHbIE YPaBHEHUS MapamMeTpoB-nionpaBok N, -AX, +B,, =0,;

- marpuua ko3)QHUINEHTOB HOPMAILHBIX ypaBHeHuid N, = A’ - P, - A4

nn nt

- BEKTOp CBOOO/HBIX WIEHOB HOPMAIbHBIX ypaBHeHUH B, = A -P L

nn nl?

. -1
- BEKTOp MOIMPaBOK K NPUOMIKEHHBIM 3HAUYECHUSM HEU3BECTHBIX AX 4=—N, -B

72 tl "

B stux dpopmynax:
7 - KOJINYECTBO U3MEPEHUH ;
{ - KOJIMYECTBO ONpPE/IeIIeMbIX HEU3BECTHBIX;

Lnl - BEKTOPD CBO6OI[HLIX YJICHOB MMapaMCTPUICCKUX ypaBHeHI/Iﬁ MOIIpPaBoOK,
_ 0 10 0 .

L=f(X"X° . X)-L;

Pnn - AnaroHajibHasA MaTpuiia B€ECOB HBMCpCHHﬁ;

A, - marpuna ko3(pQUINEHTOB NapaMeTpUYECKUX YpPaBHEHHUH IONpPaBOK pa3MEpPoOM n

CTPOK | f CTOJIOIOB.
v

nl

- BEKTOp MOIIPaBOK B PE3yJIbTAThl U3MEPEHUH.



[Tpu dhopmupoBaHun MaTpuibl P BECOB M3MEPEHMI MOCTYIMAIOT CIEAYIOIIKUM 00pa3oM. 3a
OmMOKy enuHuIbl Beca p, npuHumaroT CKO u3mepenus yrna m,, ¥ MOITOMY Beca YIIOB

HOJ'IyLIaIOTCSI paBHBIMI/I CAUHHUILIC
2
_Ho

=1.
2
Mg

Dy

JIyisi BBIYMCIIEHUSI BECOB M3MEPEHHBIX CTOPOH X0Jla HEOOXOaUMO BBECTH KO3(pduImeHt k ,

paBHBIN OTHOIICHHIO BECOB CTOPOH M YIJIOB, HAa MPAaKTHUKE 3HAa4YeHHWE SToro kodddwuimenra
MPUHUMAIOT paBHbIM 1, 2, 3, 4 u T.11.

Py my Py
:—:—2, pS:_’
Ds My k
mg :mﬁ-\/%.

[Tpu KOPOTKUX CTOpOHAX XOfa 3HaueHue Koddduiuenta k OGepércs paBHbIM | wian 2; mpu
JUTMHHBIX CTOpOHaX — 2, 3 wiu 4.

ITpu Bbruucienun BecoB U CKO M3MepeHHBIX CTOPOH CleAyeT YYUThIBaTh Pa3MEPHOCTH
YIJIOB U CTOPOH; IPUHATO BBIYUCIATH OMIMOKU YIJIOB B CEKYHAAX TYT'H, a OUIMOKH H3MEPEHHBIX
CTOPOH — B CAHTUMETpaX.

Onementamu Matpunbl A KOA((OUIMEHTOB NapaMETPUUECKUX YPaBHEHUH IOMPABOK
SBJISIIOTCSI YacTHBIE NMPOU3BOJHBIE KAKIAOI0 M3MEPEHHUs MO KOOPAMHATAM BCEX ONpeAesieMbIX
OYHKTOB  XOJa; WX 3HAYCHHS BBIUUCIAIOTCS 10  auddepeHnnanbpiM  GopMynam
TOPU30HTAJILHOTO yIJIa ¥ JUIMHBI JIMHUU.

[TpuBeném BeIBON AuddepeHnnanbHbIX (HOpMya AUPEKIMOHHOTO yIIia, yriia MOBOPOTa H
paccrosiaua. Ha puc.58 1moka3aH IUPEKLMOHHBIM yron ¢, HampasieHus 1-2; u3 perieHus
0o0paTHOM reo/ie3MYeCcKoi 3a1aun Mexay InyHkTamu 1 u 2 umeercs Gopmysia TUPEKIIMOHHOTO

yria
Y, 2 Yl
o, =arclg ————,
X 2 X 1
13 KOTOPOH HETPYIHO MOJYYUTh YACTHBIE MIPOU3BOJIHBIE JUPEKIIMOHHOTO yIila 110 KOOpAUHATaM
IIyHKTOB | 1 2.

YactHoe nuddepeHunpoBanme «,, o koopauHare X, Aaér
aal2 _ 1 Yz — Yl _ Yz —

Y,
> . — =£~Sina12.
oX, Y, -Y, (XZ_XI) S S

1+
X, - X,
Amnanornyssie npeoOpa3oBaHME YaCTHBIX NPOU3BOJIHBIX ¢, no Y, X,,Y, mpuBomar k
clenyromuM Gopmynam
Oay, P

0 0
alz :_B.Cosa121 :——-Sinalz, :B'Cosalz-
oY, S ox, S or, S

["'Opu30HTaIBHBIN YIOJI MOXKHO BBIPAa3UTh KAK PA3HOCTh AUPEKLIMOHHBIX YIJIOB HAIlPaBICHUI
BTOpPOW W mepBOil cTopoH yria. O003HAaYMB HaIpaBlieHHE BTOPOIl CTOpOHBI yria uepe3 1-3,
nosiyuuM auddepeHunanbHyo GopMyITy JIEBOI0 TOPU30HTAIBLHOTO yria (puc.58-a)

AB=p-

Sina, Sing, AX, +p-| - Cosa, N Cosa,
S, S S, S,

Cosa,

-AY, +

Sina,

Sina, Cosa,
AX,—p AY, —p-—— A+ p-——
1 1 2 2
B aroit Gpopmyne npuHATH 0003HAYEHMS:

1, 2, 3 — HOMepa MyHKTOB; S|, - JUINHA U TUPEKIIUOHHBIA yroJ NepBOH CTOPOHBI yIJla — JINHUH

NS

1-2; S,,0,- nMHA U TUPEKLUMOHHBIA yrojl BTOPOW CTOPOHBI yria — JUHUU 1-3; cuMBOIOM A
ob6o3HaueH nuddepermnuan (Magoe npupaiieHue) yria f U KOOPAUHAT ITyHKTOB.



(X,,Y))
S, o

0)

Pucynok 58 — K BeiBonty muddepennpanbabix GopMys yria v JUIMHBL CTOPOHBI

Huddepenumanpaas popmyna JNIMHBI TMHAN UMeeT BUT (prc.58-0)
AS =—Cosa-AX, —Sina - AY, + Cosa - AX, +Sina - AY, .
B s10i1 popmyiie npuHATH 0603HAYEHUS:
1, 2 — HOMepa NYHKTOB, ¢ - JUPEKUUOHHBIA yrona JuHuM 1-2; cumBoioM A 0003HauYeH
muddepennman (Maoe NpUpAIIeHHe) JUIMHBI JUHUU W KOOpAWHAT MyHKTOB. ®Popmyna (17)
nonyyaercs myTém auddepeHunpoBanus Gopmybl

1/2

S =0 =X+ (1, - 1) =[x, - %)+, -1)? ],
Huddepenuupyem no X,

os 1 -1/2
o R C SRR OIS Pl B HC S GRC)
1
X,-X
o5 _ XX =—Cosa,, .
oX, S
Amnasiorn4ssle MpeoOpa3oBaHUs C YACTHBIMU IPOU3BOAHBIMU 10 Y,, X,,Y, nator

2—5 =-Sina,,, ;7S =Cosa,,, ;—; =Sina,, .
1 2 2

[Tpu BbIUKCIEHUU TO NMpHUBENEHHBIM AU depeHnnanbHbpIM GopMysiaM ciieyeT coOoaaTh
pa3MEepHOCTHU: JUIMHBI JIMHUN S,,S, - B Kuiomerpax; p =2,06; Bce nudpdepeHnuansl, Kpome
mubdepeHnmana yria, — B caHTuMeTpax; auddepeHnuman yrina — B ceKkyHAax. UYuciossie
3HAYEeHHUs HJIEMEHTOB HY)KHO MHCaTh, KAK MUHUMYM, C TPEMsI 3HaYaIluMH LHU(pamH.

[TpuOmmx€nnble (paboune) 3HaUEHUs KOOPAMHAT OMpENEIsieMbIX MYHKTOB IOJIy4alOT U3
npeaBapuTeNbHON 00paboTKM XOAa. YpaBHEHHBbIE KOOPAMHATBHI IYHKTOB BBIYUCIAIOT T10
dbopmynam

8blY 6blY

X}’I’ = X
OLEHKYy TOYHOCTHM IIOJIOKEHHUsI MYHKTOB XOJla BBINOJHSIOT B JBa JIEUCTBUS: CHaudaja
Beraucistror CKO enuauIe! Beca

2
pv
H= \/ - o
n—t
" 3aTEM — OU_[I/I6Ky ITOJIOKECHU S KAXI0I'0 HyHKTa XoJa 1o (I)OpMyJIe
My =p-\Oy+0y,
rac QX n QY - JUAroHaJIbHBIC DJICMCHTHI KOppCJDIL[HOHHOfI ManI/II_UJI N

+AX, Yyp=Y +AY.

-1

. » COOTBETCTBYIOILINE

koopauHaram X W Y nmyHkra.
[TocnenoBarenbHOCTH oOmeparuii B mapamerpudeckom crocode MHK-ypaBHuBanus
MOJIMTOHOMETPHUYECKOro XozAa: 1) - BeIYMCICHHE MPUOTMKEHHBIX KOOPAMHAT ONpeAesieMbIX

nynktoB X,Y.; Kak TpaBuio, 5Ta ONEparys BHITIONHAETCS C HCTOIb30BAHHEM PE3yIbTATOB
U3MEpEeHUl; 2) — BBIUMCICHHE AMPEKLIMOHHBIX YIJIOB W JJUH JIMHUM, COOTBETCTBYIOIIHUX



npuOIMKEHHBIM ~ KOOpAMHATaM  MYHKTOB; 3) —  BBIYHCICHHE CBOOOJHBIX  YJICHOB
napaMeTPUUECKUX YPaBHEHHUH MOMPABOK; 4 — COCTaBICHHE MaTPHUIbI A; 5) — MPHUHSITHE OMHOKH
€MHMIIBI BECA U COCTABJIEHHE BECOBOM MaTpulbl P; 6) - BbIIOIHEHHE ONepaluii C MaTpULIAMH,

TOJTy4eHNEe KOPPENAMOHHON Matpuisl Q= N, ';

7) — BBIYKCJICHHE YPAaBHEHHBIX KOOPIHHAT
ONpEACNsAEMbIX IIYHKTOB; &) - BBIYHUCICHHE IIONPABOK B H3MEPEHHBIE BJIEMEHTHI; 9) -
BbIYKCIIeHHe KBaapatudHo ¢opmbel 1 CKO emuuunbl Beca; 10) — OlEHKAa TOYHOCTH BCEX
napamMeTpoOB MOJIUTOHOMETPUYECKOTO XO/1a.

[IpuBeném mpumep cocrtaBieHus MmaTpuibl A. Ha cxeme MOIMroHOMETPHYECKOro Xoja

(puc.59) nokaxem U3MEPEHHBIE YIIIbl U CTOPOHBI.

Bs g—-—--0
B D
a,,S,

ml5 a3,S3 16

Pucynok 59 — K cocraBnenuto matpunsl 4

CHavana 3amoJHMM BCIOMOrarenbHyr Tabmumy 15; mmmHa S — B kM, p =2,06265.

Tabauua 15
Ne Hass. Koopaunatsl o Tpaj. S Sina Cosa
IyHKTOB | MYHKTOB | X M Y, M MMH. KM Sina Cosa P S P S
1 A +
6000 | 1,000 | 0,8660 | +0,5000 | +1,786 +1,031
2 nml4
12000 | 0,500 | +0,8660 | -0,5000 +3,573 -2,063
3 mml5
9000 | 0,400 | +1,0000 0,0000 | +5,157 0,000
4 16
0 00 | 1,000 | 0,0000 +1,0000 0,000 +2,063
5 B

3areM, ucnoib3ys AuddepeHuranbabie GopMyIbl yriia ¢ yuéroMm Tabnuusl 15, 3anonHseM
nepBble MATh CTPOK Talbiuubl 16. 3areM 3amoiHseM OCTaBIIMECS YEThIpe CTPOKH, HCIIONb3Ys
muddepeHIMaNbHYI0 GOPMYITY JUIMHBI CTOPOHBI ¢ y4ETOM TaOIuLbl 15.

Tabmnura 16
Ne Hazsanue AX, AX, AX, AX, AX AX,
HONEPe: | HSMEPCHIA | (AX,) | (AY,) | (AX,5) | (MK, | (AX,.0) | (AY0)
1 B1 -1,786 +1,031 0 0 0 0
2 B2 +1,787 +3,093 -3,573 -2,063 0 0
3 B3 +3,573 +2,063 +1,584 -2,063 -5,157 0
4 Ba 0 0 +5,157 0 -5,157 -2,063
5 Bs 0 0 0 0 0 -2,063
6 S; +0,500 +0,866 0 0 0 0
7 S, +0,500 -0,866 -0,500 +0,866 0 0
8 S3 0 0 0 -1,000 0 +1,000
9 S, 0 0 0 0 -1,000 0




MMPUBA3KA HOJUTOHOMETPHYECKHUX XOJ10B
CHeceHne KOOPAMHAT C BEPIIHHBI 3HAKA HA 3eMJII0

[IpuBsizka JMHEWHO-YIJIOBOrO XOJ@ O3HAYAET IPUBA3KY XO0Ja K KOHKPETHOW CHUCTEME
NPsIMOYTOJIBHBIX KoOpAuHAT. Ha MecTHOCTM cucTtemMa NpsIMOYIOJIbHBIX KOOPAMHAT 3aJaéTcs
U3BECTHBIMH KOOpAMHATAMH HE MEHEEe, 4eM JBYX (UKCHPOBAHHBIX TOYEK (OOBIYHO 3TO —
KOOPJMHATHI MYHKTOB 00Jiee BHICOKOTO KJIACcCa TOUHOCTH, SIBJISIIOIIMECS UCXOAHBIMU JTAHHBIMH).
CaMBbIM MPOCTHIM CIIOCOOOM NPHUBS3KU X0J1a SBIISIETCS BKIIOUYEHUE B HETO MCXOIHBIX MYHKTOB C
M3BECTHBIMM KOOpPJMHATaMU U U3MEPEHUE HAa KOHEUHBIX IMYHKTaX X0Jla MPUMBIUYHBIX YIJIOB, TO
€CTh YIJIOB MEX]y HaIlpaBJICHUEM C MU3BECTHBIM JUPEKIMOHHBIM YIJIOM U NEpBOH (TMOCienHEN)
CTOPOHOM XO0/1a.

[Tpr 9acTU4HON KOOPAMHATHOW MPHUMBIYHOTO yriia HET JWOO B Hayaje Xona, JIMOo B
KOHIIE X0/1a; B 3TOM CJIy4ae BBIUMCICHUE JUPEKIMOHHBIX YIVIOB CTOPOH X0J1a HAUMHAIKOT C TOr'O
KOHI]a XOJa, IAE€ H3MEpPEH NPUMBIYHBIN yroj. JlampHedmume OeUCTBUS 10 BBIYHCICHUIO
KOOPJIMHAT BBINOJHSIOT KaK B CTAHAAPTHOM Pa30MKHYTOM XOJI€.

IIpu noaHOM KOOPAMHATHOM MPUBS3KE, KOIa IPUMBIYHBIX YIVIOB HET HHU B HAa4daje, HU B
KOHIIE XOJa, OIpEACNICHUE JUPEKIIMOHHOIO YIJIa IEepBOM CTOPOHBI XOJia BBIIOJHSIOT
CJIEYIOIIKUM 00pa3oMm:

- MPUHUMAIOT MPOMEKYTOYHOE 3HAYEHUE AUPEKLIUOHHOTO yria MEpBOM CTOPOHBI
X0J1a PaBHBIM HyJIO @, =0

- BBIYHCIIIOT IIPOMEKYTOUHBIE TUPEKIIMOHHBIE YIJIbl OCTAIBHBIX CTOPOH XO/a;

- OT HayaJla X0Ja K €ro KOHIy IOCJIE0BAaTEIbHO PEIIAIOT IPSIMYIO I€0/1€3UNYECKYIO
3a/1a4a ¥ NOJIy4ar0T IIPOMEKYTOUYHBIE KOOPAUHATHI KOHEYHOT'O ITYHKTA X0/1a;

- pemaT OOpaTHYK Te0e3MUYECKYI0 33Jady MeXAy HadallbHBIM U KOHEYHBIM
OyHKTaMH XOJla 10 WX M3BECTHBIM KOOpPJMHATAM, IMOJy4YaloT JUIMHY 3aMbIKalomed S u
JUPEKLUOHHBIN YroJl 3aMbIKatoen « ;

- pelaT 00paTHYI0 re0/Ie3NUECKyYI0 3a/lauy MEeX1y HadalbHbIM MYHKTOM X0Ja U
IIPOMEKYTOUHBIM KOHEUHBIM ITYHKTOM XOJa, IOJIy4aroT JUIMHY IMPOMEXYTOYHOM 3aMbIKaroLEen
S’ ¥ MUPEKIMOHHBINA yroJl MPOMEXKYTOYHOH 3aMBIKaoNIen o’

- BBIMIOJIHSIIOT KOHTPOJIb S'=S;

- BBIYMCIIAIOT JICUCTBUTENBHBIM JUPEKLIMOHHBIM Yrojd MEPBOM CTOPOHBI XOJAa
o =a-a'.

JanbHeiimas o0paboTka XoJa 3aKIOYaeTcsl B BBIYMCICHUU JAEHCTBUTEIBHBIX
JUPEKIMOHHBIX YIJIOB CTOPOH XOJAa, IIOJy4EHHME JBYX KOOPAMHATHBIX HEBA3OK M HX
pacrpeneneHue B IpupalleHuss KOOpAUHAT IIPONOPLMOHAIBLHO JJIUHAM CTOPOH.

B mpakTuke BCTpedaroTCs Ciy4yau, KOrJa Ha HAa4aJbHOM HJIM KOHEYHOM IIYHKTE X0Ja
HENlb3sl YCTAHOBHUTH MpPUOOPBI Ui YIJIOBBIX M JIMHEWHBIX HW3MEPEHUH; B 3TUX Clydasx
NPUMEHSIOT BApUaHT ‘‘CHECEHUE KOOPAMHAT C BEPIIMHBI 3HaKa HA 3eMJTI0”.




Pucynok 60 — CHeceHre KOOpIMHAT C BEPUIMHBI 3HAKA HA 3€MJTIO

Ha puc.60 Touka P - ompenemsiemblii myHKT, Ti1, T2, T3 - IyHKTHI C HW3BECTHBIMU
KOOpJMHATAMH, KOTOpPHIE MOXHO WCIIONBh30BaTh JIMIIL B KadecTBe BU3HUPHBIX Ieneid. C
MyHKTa P MOXHO M3MEpUTh TOJIBKO JIBa yIiia MO MporpaMMe OOpaTHOM YyriioBOHM 3aceuku, UTO
HEI0CTaTOYHO; KPOME TOT0, IPU MaJIOM PacCTOSIHUU Mexay nyHkramu P u T, yrom 3aceuku
OUEHb MAaJICHBKUH M TOYHOCTh 3aCEUYKM IOJY4aeTCs HEIO0CTaTOYHOM. 3aKiiaJblBalOT JBa
BPEMEHHBIX MyHKTa A; ¥ A, W U3MEpSIOT pacctostaus b1 u by u yrawt B, fo, B3 Ba Ps, Po.
Takum oOpazom, oO1iee YUCIO U3MEPEHUN paBHO BOCEMb, a KOJIMUYECTBO HEU3BECTHBIX - IIECTh
(koopauHATBI TpeX MyHKTOB). OOpabOTKy 3TOTO T'€0AE3MYECKOr0 TOCTPOCHHUS HEOOXOIMMO
BBINOJHATH ypaBHUBaHUeM 1o MHK; mpubnikeHHoe perieHue MOKHO MOMYYUTh 10 KOHEYHBIM
dbopMyiaM, IPUBEICHHBIM HUXKE.

- Brmuucnenue paccrosiuus s (s=7,P) nBa pasa: u3 TpeyroabHuka PAT1 w
TpeyroiabHuka PA,T, u 3arem — cpeaHero us IByX
1 b, - Sinp; N b,-Sinf, |.

2 | Sin(B, + Ps)  Sin(B, + B) ,
- Pemenue o0paTHOM reo/ie3MYECKON 3a/auyu MEXKIy MyHKTaMu 11 U T (BBIUMCICHUE
a,, ¥ L) 1 MeXIy IyHKTaMd T1 ¥ T3 (BBIUMCICHUE «; U L,);

- Bbruucnenue yrinos gy, u u, u3 TpeyronpHukoB PT,Ty u PT3T;

Sinu, = i~Sinﬁ3, Sinp, = s Sinf,;
Ll LZ
. Boruncnenue yrnos A, u A, us tpeyronbaukoB PT,T1 u PT3T;

A =180" —(u, + ). A, = 180° — (1, + f3,).
- BplunclieHye AUPEKIUOHHOTO YTl o JTUHUA T1P
1
a = 5'[(0512 —A)+(ay; _lz)];
- Pemmenue npsAMoii reoie3MUeCKoi 3a1aun U3 IyHKTa 1 Ha IyHKT P

Xp=X,+s5-Cosax, Y,=Y +s-Sinc.
IIpuBsA3Ka TMHEHHO-YIJIOBOIO X0/1a K CTEHHBIM MapKam

B Hacen€HHBIX MyHKTaX MHOTHE T'€0/1€3MUYECKHE MYHKTHI O(OPMIISIIOTCS B BUJE CTEHHBIX
MapoK, U B 3THX YCJIOBUSAX NPUBA3KY JUHEHHO-YIJIOBOIO X0/1a MOXHO BBIIOJIHATE K CTEHHBIM
MapKam.

CreHHbIE MapKM 3aKJIaJbIBAIOTCA B IIOKOJBHBIM 3TaX WIM B CTEHY KallUTaJIbHOIO
3MaHus. 3aKiIaJika CTEHHBIX MapOK W ONpeesieHHe MX KOOPIUHAT BBIIOJIHAETCS MPH CO3aHUU
re0JIe3NYECKUX CETEH Ha TEPPUTOPUHN HACEJIEHHBIX MYHKTOB M IPOMBILUICHHBIX NPEATIPUATHI; B
JANbHEWIIEM 3TH MapKHU WIPAIOT pOJIb OMOPHBIX IYHKTOB B IOCIEAYIOIIHUX T€0AE3UYECKUX
MIOCTPOCHHUSX.

[TpuBsizka JTMHEMHO-YTJIOBOTO X0/1a MOXET OBITh BBINOJHEHA K JBYM, TpeM WM Oojiee
CTeHHBIM MapkaM. CxeMa MpUBSA3KH X0Ja K 1ByM MapkaM A u B noka3ana Ha puc.61.
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Pucynok 61 — IlpuBsizka TMHENHO-YIJIOBOrO X0/1a K CTEHHBIM MapKam

Ha munauum AB ¢ momoIpio pyiaeTku u3MepsieTcss OTPe3OoK S, U KOOpAMHATHl TOYkd P

HaXOJATCS U3 pellIeHUs MPSIMOM reoIe3n4ecKoil 3a1aun o popmysnam
Xp=X,+S-Cosa, Y=Y +S5 -Sinca.
I/1€ ¢ - TUPEKIUOHHBIN yron HarpaBieHus AB.

Cxema npuBsizku K Tpem Mapkam A, B, C mokazana nHa puc.60.

C noMOIIBIO PYJIETKH H3MEPSIIOTCA PacCTOAHUA 51,52, S3 M pemaercs MHOTOKpaTHas
JWHEWHas 3acedka; s OOdbIIeH HaIeKHOCTH MOXKHO HW3MEPHUTh YIJIBI 1 U [ pEIuTh
KOMOMHUPOBaHHYIO 3aceyky. B KkadecTBe MNPUMBIYHOTO HANpPaBICHUS C H3BECTHBIM
JUPEKIMOHHBIM YIJIOM MOKHO MCIIOJb30BaTh JMOO HAIpaBiE€HUE HA OJHY U3 CTEHHBIX MapoK,
1100 HampaBJIeHUE Ha KAKOH-HUOY/b IPYTroil MyHKT ¢ U3BECTHBIMH KOOPAMHATAMHU.

Kpome merona 3acedek mpu NMPUBSA3KE XOJOB K CTEHHBIM MapKaM HPUMEHSIOT TaKxke
MOJISIPHBIA MeToA U Meron penyuupoBanus. B [11] Ha ctp. 195 - 201 npuBeneHo moapoOHOe
ONMCAHNE ITUX METOJIOB, & TAKXKE JIaHbl YMCIIOBBIE IPUMEPHI.

HpOGKTHpOBaHHe MOJIUTOHOMETPUIECCKHUX X0A0B U CUCTEM XO0/10B C Y3JIOBBIMHU TOYKAMH

o Hauana tonorpado-reoe3nueckux padoT Ha O0BEKT pa3padaThIBACTCs] TEXHUUECKHUI
IPOEKT UM MTpOrpamMma MpOU3BOJICTBA ITUX PAOOT.

[Iporpamma mpousBojAcTBa TOHOrpado-reofe3ndeckux padoT COCTaBISETCS IpHU
BBINTOJIHEHUH HECJIOKHOTO KOMILIEKCa 3TUX palboT, HEe TpeOYIOIUX pa3padOTKU CIEeHUaIbHBIX
METOJIOB WX IPOU3BOJICTBA U pacdy€ra TOYHOCTU TeO0JIe3MYECKOM OCHOBBI, CO37aBacMoOl IO
TUIIOBBIM CXEMaM.

TexHU4YecKui MPOEKT COCTABISETCS INPHU BHIIOJHEHUH PAa3HOOOPA3HOTO U CIOYXKHOTO
KOMILJIEKCa Tomnorpado-reoie3n4eckux padoTr, TpeOyrolX MpeABApUTEIbHON pa3padoTKu
CHEIMAJIbHBIX METOJOB UX BBINOJIHEHHUS W pacu€Ta TOYHOCTH CO3JaBAaEMBIX OIMOPHBIX
reoIe3NUecKuX padoT, a TakkKe MPH WHKEHEPHBIX M3BICKAHUAX Ui CTPOUTENIBCTBA KPYIHBIX U
CJIOKHBIX NMPEAIPUATHI U COOPYKEHUM.

[TonmuroHomMeTpUYECKUE XOAbl M CUCTEMBI XOJIOB, KAaK IPAaBWIO, SBISAIOTCA COCTaBHOM
4acThl0 KOMILIEKCA TOMOrpado-reoie3nueckux padoT, U UX MPOEKTHPOBAHHE BBIMOJIHSAETCS B
o0IIeM TMpOeKTe; pacCMOTPUM HEKOTOphle TEOPETHUYECKHE BOMPOCHI MPOEKTHPOBAHUS
MOJIMTOHOMETPHUH, KaK METO/Ia CO3/IaHuUs TUIAHOBBIX T'€0€3UYECKUX CETeH.

Ha cragum mnpoekTHpoBaHMs BBIIOJHSAIOT IMPEAPAcUYET TOYHOCTH XOJa, TO €CTh II0
3aJJaHHBIM 3HAYEHUSM OLIMOOK HM3MEPEHMsI YIJIOB M PACCTOSIHUM TMOJCUMUTHIBAIOT OIIUOKY
MOJIOKEHHS MyHKTa B HauboJjee cinaboM MecTe Xoja (B €ro cepeiiHe) U 0KUAaeMoe 3HAUeHue
OTHOCHUTEIIbHOM HEBSI3KU X0/1a.

BoimonauM BbIBOZ (pOPMYIBI OMIMOKK MOJIOXKEHHUS KOHEYHOW TOYKU MPSAMOIMHEHHOTO
JIMHENHO-YIJIOBOTO XOJAa ISl Cllydas HEWCIIPABJICHHBIX 3a YIJIOBYIO HEBSI3KY yrioB. OmumoOka
MOJIOKEHUS KOHEYHOW TOYKH MOKET OBITh pa3joKeHa Ha JBE OIMOKH — MPOJOJBHYIO t H
norepevHyto U

M>=t*+u’.



[IpononbHas ommOka A7 TPSIMOJMHEMHOTO XOAa SBISETCS CIEACTBUEM OMIMOOK
U3MEPEHMS CTOPOH XOAa

2 _ 2 2 2 |2
m=mg +mg +..tmg —[ms],

a ToriepeyHas ommoKa — CJIeACTBUEM OIMMOOK U3MEPEHHS YTIIOB
2

2 2
m m m
u? = (S, + 8, +etS) L (S, + 8+ S,) ot SE L
P P
[Tocie HecmOXKHBIX TIpeoOpa3zoBaHuii hopmyma s u? nproOpeTacT BUJ
2
n+ls5 m
w =0 .7
3 p

rne L =S8 -n - mmHaA X04a.
®dopmyna sl BBIYUCICHHS MOJTHOW OITMOKU TOJIOKEHHSI KOHEUYHOM TOYKH XO0Ja UMEET
BUI

=

n+ls5 m
3 p’
Jlns ciiydast MCTIpaBJICHHBIX 32 YIJIOBYIO HEBS3KY YIJIOB (opMyiia OMIMOKHU MOJOKEHHUS
KOHEYHOH TOYKH MPSIMOJMHEHHOTO X0/1a 3aICHIBACTCS B BHJIC

M =m]+ 1

n+3 mz
12 p*
B nmHeitHO-yTrI0BOM X0/1€ TPOU3BOJIEHONW (POPMBI OIIMOKY TTOJIOKEHUSI KOHEUHOW TOYKH
X0J1a JUIA Cllydasi HCIIPaBJICHHBIX 32 YIVIOBYIO HEBS3KY YIJIOB ITOJICYUTHIBAIOT O (hopMmyIie

M? =[m ]+ 1

M = [m;]+ﬁ—§-[z>5,i],

rae Do — paccrosiHue KakI0ro MyHKTa X0Aa 10 LIEHTPa TSKECTH X0/1a.

LlenTp TsDKECTH XO0Ja HA CXEME XOAa CTPOHUTCS cienyrommM obOpa3zom. Ha mepsoii
CTOPOHE X0/1a, COeIMHAIONIEH MyHKTHI 1 U 2, HaxoauTcs Touka e€ cepenuusl (O1), U 3TOM TOUKE
MIPUTTUCHIBAETCS BeC 2. 3aTeM MPOBOJUTCS JUHUS, COCIUHSIONAs TOUKy (1 C TyHKTOM 3, U Ha
ATOM JIMHUM HAXOAMUTCS LEHTP TSKECTHU, CUMTAsl BEC MyHKTA 3 paBHBIM €IMHMIIE, - MOJTYy4aeTCs
Touka Oy, KOTOPOIl MPUMMCHIBAETCSI BeC PaBHBIM 3. 3aTeM MPOBOJUTCS JMHUS, COEIUHSIONIAS
TOUKy (Jo ¢ MYHKTOM 4, U Ha 3TOM JIMHUU HAXOOUTCS LEHTP TSHKECTH, CUMTas BeC MyHKTa 4
paBHBIM €AMHMIE, - TMoiydaeTcss Touka (3, KOTOPOl MpHUMNMCHIBaeTCs BeCc paBHbIM 4. OTa
orepanusi MOBTOPSIETCS A0 MOCIEAHEr0 MyHKTa X0/1a; MOCIeIHssI HaliIeHHas To4Ka ¢ BecoM N (N
— KOJIMYECTBO MYHKTOB B XOJI€) U SIBIISIETCA LIEHTPOM TSDKECTH Xoja. PaccTosHUS OT Ka)Xaoro
INyHKTa J0 LEHTpa TSHKECTH M3MEPSIIOTCS MO JIMHEHHOMY MaclmTaly KapThl C HOMOIIbIO
HUPKYJIS-U3MEPUTESL.

Uucro npsMOIMHENHHBIM X0J] Ha MPAaKTHKE BCTPEYAETCs JOBOJIBHO peaKo, Oojee 4acTto
BCTPEUAIOTCSl TaK Ha3bIBa€MbI€ BBITSIHYTHIE XOJbI, JIJISI KOTOPHIX MOXKHO MPHUMEHSTH (HOPMYIIbI
OLICHKM TOYHOCTH MpPSIMOJMHEHMHOro Xoja. XOJ CUHUTAeTCsl BBITAHYTHIM, €CIHM B HEM
BBITOJIHAIOTCS CIIEAYIOLINE 1B YCIOBUS:

- MYHKTBI X0/1a YKJIOHSIOTCS OT JIMHUM, IPOXOJSIIEeH Yepe3 LEHTP TSKECTH XoJa U
napajsielbHONM 3aMBbIKalole Xoaa, B cpeHeM Ha 1/24 nnuHbl 3aMblkaroeit (B npeaene ao 1/8
JUTMHBI 3aMBIKAIOIIEH );

- YIroa MEXAY OTACIbHBIMU JIMHUSIMU XOJa W 3aMbIKAaIOLIEd XO0/Ja B CPEIHEM He
npeseimaer 8° (B mpesene 24°).

WHorga ucnonb3yroT emé OAUH KPUTEPUI BBITSIHYTOCTH X014 — €CJIM OTHOILEHUE JUIMHBI
x0J1a (CyMMBI BCEX €T0 CTOPOH) K JIUTMHE 3aMbIKaroIell He nmpesbimaet 1,3.

®opmyisl mpeapacyéra OmMOKH MOJOKEHUST KOHEUHOW TOYKHU X0J1a MCIIONb3YIOTCS IS
pacuéra omMOKM IOJIOKEHUS IYHKTa MOCJe YpaBHUBAHUS B cepeluHe Xona (kak B Hauboiee
ciabom mecre). JlokazaHo, 4TO MpeebHas OMMOKa MMOJIOKEHUS IIYHKTa B CEpeJMHE X0/1a 1ocie
ypaBHMBaHMSI paBHA CpeJHEH KBaapaTHuecKoW omMOKe KOHEYHOTro IyHKTa Xoja Mo

ypaBHUBaHUSA, K IpU A, =2- M MOXHO Hanucarb

2
T I



Ha craguu npoekTupoBaHus Xoza NpOBEPSETCs yCIOBUE
M, <M,,

rae Mo— npoeKTHBIN AOMYyCK Ha OIMOKY MOJOXKEHUS MyHKTOB Ie€0/Ie3NIECKOr0 MOCTPOCHHUS.

Jns mpenpacuéra ommrOKH MOJOXKEHUS IIYHKTA B CEPEAMHE X0/1a MPOU3BOIBHON (HOPMBI
MOYKHO IPUMEHUTH U (popMyiibl, BeIBeeHHbIE ITpo¢. KonycoBeiM B.I'.

2 a-c
¢

- a-Sin*p+c-Cos’p’
2 ab

u = ,
a-Cos’p+b-Sin’¢p
2
az[ms],
4
-(n? m;
b=[S]2-(n+2) (n" +2n+4) m,

192-n-(n+1) p

1
¢=5-(¢A+¢3)-

Mzcep =t +u’,

VYIibl @a ¥ @ — 3TO YIJbl B Hayajle U B KOHIIE XOJa MEXIY 3aMbIKarolIel Xola u
MOJTy3aMBIKAIOIIMMH X0Ja (JTMHUSMU, MPOBEAEHHBIMH OT HAYaJIbHOTO MYHKTA O CPEAUHHOTO
MyHKTA U OT CPSIMHHOTO ITYHKTA JI0 KOHEYHOTO IMTyHKTa XOa).

[Ipu cpaBHEHMM pe3yNbTAaTOB MpeApacdyéra OMMOKUA MOJOKEHUS CPEJUHHOrO MyHKTa
X0/J1a, TIOTYYCHHOH 10 pa3HbIM (OpMyJIaM, 0Ka3ajaoCh, YTO ATH OMIMOKH pa3uvaroTcs He Oolree,
yem Ha 10% - 20%.

CymiecTByeT TakKe CTPOTHMH Crmoco0 Tmpenpacué€ra TOYHOCTH, OCHOBAaHHBIA Ha
BBIUMCIICHUH KOPPENAIMOHHONW MAaTpHIIbl X0Ja U BhIOOpa Hambosee cnaboro myHKTa B HEM MO
3HAUEHUSM JTHATOHATLHBIX 3JIEMEHTOB ATOW MATPHIIHI.

Crporuit cnoco6. U3 teopun mapamerpuueckoro cnocodba MHK-ypaBHUBaHUS M3BECTHO,
yto CKO mo6oro nmapamerpa reoie3n4ecKoi CeTH MOKHO BBIYUCIIHTH 10 (hopMyJie

My =p-Or ;
3nech: F - ycnoBHOe o0o3HaueHue napamerpa, - CKO eanHuisl Beca (IpHu NpOEKTHPOBAHUH

CEeTH HCIOJIB3YIOT NPOSKTHOE 3HAYCHWE OIMIMOKM EAWHMIBI Beca ), (- OOpaTHBIH Bec
napamerpa. /[ BeIYMCIsIeMbIX HEU3BECTHBIX OOpaTHbBIE BECa paBHBI JUArOHAIBHBIM 3JIEMEHTaM
KOppeISIIMOHHOW  MaTpumbl  Q, TmoirydaeMoil oOpamieHueM MaTpuilbl K03 HUIreHToB
HOPMAaJIbHBIX YPaBHEHU
O=(4"-P-A)7

3/1€Ch: A- Marpuna KO3(QQUIMEHTOB MapaMEeTpUYEeCKUX ypaBHEHUI mompaBok, P -
JMaroHaJIbHasi MaTpUIla BECOB U3MEPEHUH.

[Tpy pOoEKTUPOBAHUHU MOJUTOHOMEKTPUH OCHOBHBIM IApaMETPOM CETH SIBISETCS CpeaHss

KBaJlpaTu4ecKasl OlMOKa MoJIoKEeHUs IyHKTa M,
_ 2 2
M, =pu-\my, +m; .
[Mockonbky my = p-A|/Qy U my, = u-/Qy , @ f=p,,TO

MP:/‘()'\/QX"'QY .

B nonuroHomeTpum HEW3BECTHBIMH SBISIOTCS KOOpAMHAaTHL X W Y  ompejaensieMbIX
IYHKTOB; oOpaTHble Beca (O, n (), KoopauHaT OepyTcs U3 MaTpuibl Q, MPOEKTHOE 3HAYCHHE
CKO nonoxeHus myHKkTa B Hanbosee c1adoM MecTe U3BECTHO, U U3 (pOpMyIIbl

Mcep :ﬂ(] ) VQX+QY

MOKHO ITIOJTYYUTD 3HAUCHUC [,



Mcep
‘Llo =mﬂ = (3'7)

VOx +0y
[TonsiTHO, YTO CcymMMa OOpaTHBIX BECOB Il HambOojee ciIadoro IyHKTa XoJa HWMeEET
HauOoJpIllee 3HAYCHHE; BBHIOpPATh MAKCUMYM OSTOW CYMMBI 10 JMAarOHAJbHBIM 3JIEMEHTaM
MaTpuusl () HETPYIHO.
[Tpu dhopmupoBaHnun MaTpuibl P BECOB M3MEPEHHI MOCTYMAIOT CIEAYIOIIKUM 00pa3oM. 3a
ommOKy enuHuibl Beca i, npunumaror CKO usmepenus yrna m,, ¥ MOITOMY Beca YIIOB

MOJTY4YarOTCsl PAaBHBIMHU €UHUIIC
2
_ Hy

=1.
2
Mg

Dy

JIyist BBIYMCIIEHUSI BECOB M3MEPEHHBIX CTOPOH X0Jla HEOOXOaUMO BBECTH KO3(pduIment k ,

paBHBI OTHOIIEHHIO BECOB CTOPOH M YIJIOB; HAa IMPAKTUKE 3HAYEHUE 3TOro Kod(duireHra
MPUHUMAIOT paBHbIM 1, 2, 3, 4 u T.71.

Py, mg p
k="L==5,  py="L;
Ps My k
mg =my k. (3.8)

[Tpu KOPOTKUX CTOpOHAX XOJa 3HaueHue Kodduumenta k Oepércst paBHbIM | uiau 2; mpu
JUTMHHBIX CTOPOHAX — 2, 3 uiu 4.

[Ipu Borunciennn BecoB 1 CKO u3MEpEeHHBIX CTOPOH CIEAYET YUYUTHIBATH Pa3MEPHOCTH
VIJIOB U CTOPOH; MPHUHATO BBIYUCIATH OLMIMOKHU YIJIOB B CEKYHIAaX AYTH, a OIIMOKUA U3MEPEHHBIX
CTOPOH — B CAHTUMETPAX.

DneMeHTaMHu MaTpHUIbl KO3 (HUIIMEHTOB NapaMeTPUUECKUX ypaBHEHHUH MOMPaBOK SBISIOTCS
YaCTHBIE MPOU3BOIHBIC KAXKIOTO M3MEPEHUSI MO KOOpAWHATAM BCEX OMPEACNIIEMBIX ITYHKTOB
X0J1a; UX 3HAYEHUS BBIYHUCISAIOTCA 1O nuddepeHranbHbM GopMysiaM TOPU30HTAIBHOTO yIiia U
JUTMHBI TUHUU, TPUBEAEHHBIM B paznaene 3.3.6.

TpanchopmupoBanre wmaTpullbl A, YMHOXKEHHE MaTpull U OOpalleHHe MaTpUIlbl

(A" - P- A) MOXHO BBINOIHHUTE IHOO C TTOMOIIBIO IporpamMmMbl EXSEL, nu6o ¢ momorsio 1060ii
Jpyroi nporpaMmsl, B KOTOPOH €CTh olepanuu ¢ Marpunamu. Ilocne Beranciaenust Mmatpuubsl O
BeIOMpaeTcs mapa 3HaueHuit O, u (,, cyMMa KOTOpbIX HauOoibiuas, u mno ¢opmyne (3.7)
Beruncisiercss CKO u3MepeHus ropu3oHTaIbHOTO yria, a no ¢opmyie (3.8) — CKO uzmepenus
CTOPOH X0J1a.

Bce omepaumm ¢ marpunamu CcieAyeT BBIIOJHATH C TpPeMs 3HAYallUMH IHdpamu;
pe3yJbTaThl BBIYUCICHUH [4),M 5, Mg - BBIPAXKATH B HY)KHOW PasMEPHOCTH C JBYMsI 3HAYAIMH

nupamu.
[Tpu mpOEeKTUPOBAHUM CHCTEMBI MTOJIMTOHOMETPUYECKUX XOA0B IPEAPACUET TOUHOCTH €€
a51eMeHTOB BBINONHAIOT Ha 1K no crenuanbHO pa3paboTaHHBIM ITPOrpaMMaM

HoBble cxeMbl NOJTUTOHOMETPHYECKHUX X0A0B C KOOPAUHATHOMN NPUBA3KOMI

B mocnegHue ronapl CTPyKTypa TeOJ€3WYECKUX CeTel MpeTepreBaeT CYIIECTBEHHbIE
U3MEHEHHUS; I CO3JaHUSI HOBBIX I'€OJE3MUECKUX MOCTPOSHHUM MMEEeT 3HaueHHe TOT (PaKT, 4To
HapYyIIAOTCS B3aMMHbBIE BUJIMMOCTH MEXY COCETHUMHU UCXOJHBIMU MYHKTAMU, U CTaHIapPTHbHIE
(GopMBI MHOTHX T€O0JIe3MYECKUX MOCTPOCHUH, B TOM 4YHCIE€ U JIMHEHHO-YITOBBIX XOJIOB,
OKa3bIBAIOTCS HENPUEMIIMMBIMH. [IpUXOIUTCS CTPOUTH JIMHEHHO-YIJIOBBIE XOJABI U CHUCTEMBI
TaKUX XOJIOB C YACTUYHOH WJIM MOJIHOM KOOPJIMHATHOW NMPUBSA3KOH. B HEKOTOPBIX MyOIMKAIMIX
3TOT (aKT YK€ YUYUTHIBAECTCSA, M TMpEUIararoTcsi HOBbIE (OPMBI XOJOB C KOOPAMHATHOU
IIPUBS3KOH, KOTOPBIE TI0 TOUHOCTH M HAJEXKHOCTU C YCIEXOM KOHKYPUPYIOT CO CTaHJapTHBIMU
dbopmamu xo70B. Paccmotpum 3Ty npobiiemy 60see moapoOHo.

CraHapTHBIN pa30MKHYTBIN JTUHEHHO-YIJIOBOM X0 C KOOPAMHATHOM MPUBS3KON — 3TO XOJ,
y KOTOpPOrO HE H3MEpEHbl NPUMBIYHBIE YIVIBI HM B Hadale XOAa, HU B KoHIE (puc.6l);
KOJINYECTBO H3MEPEHUH COKPAaTWJIOCh Ha J1Ba, U M30BITOYHBIM OKa3bIBAETCSI BCETO OJHO
n3MepeHuil. BcrencTBue 3TOro KOJUYECTBO YCIOBHBIX YPaBHEHUM CBSI3M COKPATHIIOCH 10O
€AMHMLIBI, YTO 3HAYMUTENBHO YXYAIIMJIO KadyecTBO ypaBHMBaHMsS xoja. Ho camoe riaBHOe, B



TAKOM XOJI€ TOJIHOCTBIO OTCYTCTBYET KOHTPOJIb YIJIOBBIX HM3MEpEHHMIi; Naxe rpyodas ommoOka
XOTs1 ObI B OJTHOM HM3MEPEHHOM yTJie HE MOXET ObITh OOHApy)KEeHa B MPHUHIHUIE. DTOT (akKT
IPEMATCTBYET NMPUMEHEHHUIO TaKUX XOJIOB, XOTS HEOOXOAMMOCTh B TaKMX XOJaX BO3pacTaeT, U
yeM Jaiblie, TEM OOJbIIE.

[TpoBeném nuuuio CA, COCOUHSIONIYIO IBAa MCXOJHBIX MyHKTAa B Hayalle XO0Jla, U PEIIUM
00paTHYIO0 reoJIe3NUeCcKyro 3aaady Mexay ToukaMu C M A; B INOJIyYUBIIEMCS TPEyrojJbHHUKE
CA(n+1) u3BecTHBI BCE TPU CTOPOHBI U OJUH yrou (mpu Touke N+1). PemmB 3TOT TpeyroiabHUK
(b0 1o TeopeMe CHUHYCOB, JMOO MO TEOopeMe KOCHHYCOB), MOXXHO HIPOKOHTPOJIHMPOBAThH
U3MEpPEHHUE 3JIEMEHTOB 3TOT0 TpeyrojbHUKa. 1I0CKONIbKY MUPEKIMOHHBIA yroia cTopoHbl AC
U3BECTEH, a Yroj B TPEYroJdbHUKE IPU TOYKE A MOJIyYWIICA U3 PELIeHHs TPEyrojabHUKa, MOXKHO
BBIUNCIUTh AUPEKIHMOHHBIA yrosn cTopoHbl A(N+1), a moToMy yros B XoJ€ INpU TOUKe A
CTAaHOBUTCA INPUMBIYHBIM. BBINIOJHUB Takue e BBIYMCICHHMS B KOHLE XOZa, I[OJIy4uM
NPUMBIYHBIA YTOJl U B KOHIIE XO/a; TO €CTh, MOSBISETCS BO3MOXKHOCTH BBIYUCIICHHS YTIIOBOU
HEBSI3KU B X071€ AB, 1 KOHTPOJIb YTJIOBBIX U3MEPEHUI BOCCTAHOBIIEH.
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Pucynok 62 — XoJ ¢ noJIHOM KOOPAUHATHON TPUBSA3KON
Jl1st BOCCTaHOBJIEHHSI KOHTPOJISI YIJIOBBIX M3MEPEHHM MpeJiaraeTcs U B Hayalle X0/Ja U B

KOHIIE X0J1a TIPOJTUTh XOJI 0 CIICAYIOMIEro UCXOAHOTO MyHKTA, BHITIOIHSIS U3MEPEHUS YIJIOB U
cTopoH (puc.63).
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Pucynok 63 — IIpuBs3ka B Hauase xona

Ho st0 emé He Bcé; B HOBoM xo1e CABJI umeercs 4 UCXOAHBIX IMyHKTa U 5 M30BITOUHBIX
U3MEpEeHUil: 0011lee KOIUYECTBO U3MEPEHHI OyieT paBHO ISATH.

Crnenyromuii BApHaHT Xo0/Jia ¢ KOOPJMHATHON MPUBSA3KON YUUTHIBAET CiIydaid, Korja BOIM3H
pailioHa paboT OOJbIIe HET HUCXOJHBIX IYHKTOB, U MPUXOAUTHCA OOXOAUTHCS BCETO JBYMS
UCXOAHBIMU ITyHKTaMHu. IIpemnaraercss BMecTo ogHoro xona AB nponoxuts emé onuH xon BA,
HO TI0 IPYrOMY HaripaBiieHuUIo (puc.64)
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Pucynox 64 — 3aMKHYTBIN X0/ C IBYMsI HCXOAHBIMH TyHKTaMHU

B Hauane xoza B Touke A HYKHO JAOMOJHHUTEIBHO M3MEPUTH yroi 2A(N+3), B KOHIIE X0/
Ha Touke B HyxHO m3meputsb yroma (N-1)B(n+1). B o6pa3oBaBiieMcst 3aMKHYTOM XOJ€ UMECTCS
JIBa UCXOJHBIX MYHKTA, YEThIPE M30BITOYHBIX U3MEPEHUS M, CIICAOBATENIBHO, YETHIPE YCIOBHBIX
YPaBHEHMsI CBA3H.



Kpome ognoro xona BA MoxHO MponoxuTh Mexay ToukamMu A u B emé ogun mnm Oonee
XOJIOB; B TOYKax A U B HyKHO U3MEpUTh YIJIbl MEXKAY BCEMU CTOPOHAMHU HOBBIX XOJOB; TaKas
(dbopma MoJIMroHOMETPUYECKOH CeTH, ONUPAIOLICHCs BCEro Ha J1Ba UCXOIHBIX ITYHKTA, TO3BOJISIET
pelUTh 33Jady CO3JaHUs CeTH CryLIeHHs Ha OOJIbIION TEpPUTOPUM INPU OTrPAHUYEHHOM
KOJIMYECTBE UCXOIHBIX MTyHKTOB (BCEro JBa).

ITouck rpy0ObIx o1IM0OK M3MepeHNii B THHEHHO-YIJIOBBIX X01aX

B orianume OT HHUBETUPHBIX CETeH, H3MEPEHHBIC MPEBBIMICHUS KOTOPBIX OOpPa3yroT
OTHOMEPHOE MPOCTPAHCTBO W3MEPEHWH, W3MEpPEeHHbIE yINIBI M JUIMHBI CTOPOH B
MOJMTOHOMETPHUECKUX XOAax 00pa3yloT ABYMEpHOE MpPOCTPAaHCTBO u3MepeHuid. [Ipobiema
MOUCKA TPYOBIX OMMOOK B OJJHOMEPHOM MPOCTPAHCTBE M3MEPCHUU MPAKTHUYECKH YXKE pelIcHa
(pazmen 2.8), a B AByMEpHOM MPOCTPAHCTBE U3MEPEHUH Takas pobiiemMa e He pelieHa.

PaccMoTpum nBa ciiyvas TouMcka OAHOHM TpyOoil OmHMOKM B CTaHIAPTHOM pPa3OMKHYTOM
JMHEWHO-YTJIOBOM XO/€: OIIMOOYEH OAMH KaKoi-muOo yroin M OmuOOYHAa OgHA Kakas-Iu0o
JUTMHA CTOPOHBI X0/1a.

Opna rpy6ast ommbka B yrae. [lycTe B JIMHEHHO-YITIOBOM XOJi€ M3MEPEHO MIECTh JIEBBIX
yrioB (puc.65-a), u yron [, usMepeH ¢ rpy0oil omumOkoil (mis onpeaenaéHHOCTH OLIMOKa

OTpHUIIATEIIbHA).
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Pucynok 65 — [louck rpy06oii ommOKu B OAHOM yTJIe X01a

BprunciuMm KoOpAuHATHl MYHKTOB XOJ@ C Hayaja Xxo4a; KOOpAWHATHI MyHKTOB 1, 2, u 3
OyIyT MpaBUIHHBIMHU, @ KOOPAMHATHI OCTAIBHBIX TYHKTOB — HEMIPaBWIBHBIMU (puc.65—0). 3ateMm
BBIYMCIIMM KOOPJIMHATHI ITYHKTOB € KOHIIA X0/1a; B 3TOM CJIy4yae KOOPJAUHATHI MYHKTOB 6, 5,4 u 3
OyIyT MpaBUIILHBIMH, a KOOPAWHATHI MYHKTOB 2 U | — HEMPaBUIbHBIMH.

IToacunTaem uist KaXKA0r0 MyHKTA BEITUYHUHY

A= (X = X0) + (Y —7,

) 2
Hau KOH

Y TIOCTPOUM TpaduK ITOM BEIMUUHBI (pUC.66)



Howmepa

1 2 3 4 5 6
Pucynox 66 — I'paduk Benmuun A

Hetpynno coo0Opas3uts, uto neperud quHuM rpaduka OyJeT COOTBETCTBOBATH IYHKTY 3; TO
€CTh, TOPH30HTANIBHBIN Yron f; cooepKHUT rpy0yro omuoKy.

Opna FDV685I olinbOKa B cTopoHe. B aTom cjIyduace a0COJIFOTHAs HEBA3KA xoga fS IMPCBBINIACT

JOIYCTUMOE 3HAYeHHUE, a YIioBas HEBsi3Ka HAXOAMUTCA B JIOMYCKE; BBIBOJ: OLIMOOYHA Kakasi-
m0o cropoHa. IloxcuuThiBaeM IUPEKLMOHHBIA Yroia o aOCOIIOTHOM HEBA3KM XOJa IO

Gopmynam oOpaTHOIl 3amauM, cuuTas KOOPJAMHATHBIE HEBA3KU f, M f, IpUpalCHUIMU

koopauHaT. Ecim cpeau CTOpOH XOJa €CThb CTOPOHA, IUPEKLMOHHBIM yrojl KOTOPOH OYeHb
OIM30K K IUPEKLMOHHOMY YIIYy g, TO AENAeTCs 3aK/IIOYEHUE, YTO UMEHHO B JJIHMHE 3TOH

CTOPOHBI INPHUCYTCTBYET rpyOast ommnoOka. Eciau Takux cTOpoH B X0/e HE O/JHA, a JIBE WK Ooee,
TO 3aJadya HE HWMEET OINpPENeNEHHOTO pEUICHUS; NPUMEPOM TaKOH CHUTYyallud SIBIISETCS
NPSMOJMHEHHBINA X0JI, B KOTOPOM JNPEKIUOHHBIE YTIIIBI BCEX CTOPOH MPHUMEPHO OJTMHAKOBHI.

JIBe nnu 6onee rpyOble OUIMOKN PACCMOTPEHHBIMU CIIOCO0AaMU JIOKAJIN30BaTh HEBO3MOXKHO;
HOPUXOIUTCS TPUMEHSATh METOJ] HAJOXKEHUS rpaduKOB MONpaBoK (cM. pa3gen 2.8), HO U OH
OKa3bIBaeTCsl OECCHIIBHBIM, €CIIM B XOJIeé MMEIOTCS IMapaulebHBIE WIIM MOYTH TapauiebHbIe
CTOPOHBI.



