JladopaTopHasi padora Ne 11.

OINIPEAEJIEHUE NJOITOJIHUTEJIBHBIX
ITYHKTOB

11.1. OnpenesieHue KOOPAMHAT NPSAMOii 3aceUKoi

3agaua. OnpenenuTs KOOPAUHATHI MyHKTa P IpsMoi 3aC€UKoil U OLIEHUTh TOY-
HOCTb.

KoopauHaTbl CX0HBIX YHKTOB A, B, C v n3MmepeHusie yrisl Bi, B2, B3, P4 B3sITH
n3 tabn. 4.1 u 4.2. Homep BapuaHTa KOOpJMHAT UCXOAHBIX IYHKTOB M M3MEPEHHBIX
YTJIOB 33a€TCsl IPEToiaBaTeNeM.

Ta6nuua 4.1. KoopauHaThl HCXOAHBIX IYHKTOB

Bapnantsr ;{: );: ;{g
1 5990,28 5501,17 5867,63
2080,41 3182,19 4314,93
2 6523,20 5838,46 6351,49
3863,57 5406,06 6991,88
3 5069,11 4335,43 4885,12
1306,91 2959,58 4658,69

3amada npsAMON 3aCeUKH 3aKIII0YaeTcs B ONpeNelIeHHH KOOPIAWHAT TPETHETo
IyHKTa P 110 KOOpAMHATaM JIByX UCXOIHBIX IyHKTOB 4, B M N3MEPEHHBIM NPH HUX
yrnam B u B2 (puc. 4.1). Oty 3axauy nesnecoodpasHo pemars o popmysam FOwra,
BBIBOJ] KOTOPBIX UMeeTcs B yueOHuke [1, c. 561].

Ecnu BcTaTh MEK/1y UCXOAHBIMU ITYHKTaMH U CMOTPETh Ha ONPEACIsEMbIH,
TO MYHKT A OyZeT JeBBIM, a MyHKT B — mpaBsIM. Y cJIOBUMCS 0003HAYaTh COOTBET-
CTBYIOIIMMH HHIEKCAMH KOOPJIUHATHI HCXOIHBIX ITyHKTOB U H3MEPEHHbIE yIiibl. To-
raa ¢popmyrnam KOHTra MOXHO IPUAATH CIECTYIOIINI BHI:

 Xctell+ X ctgll-V, +V,

X, , “4.1)
ctgJI+ctgll

ypzyﬂctgHJrYHctgHJrXH—XH’ (4.2)
ctgJI+ctgll

rne JI u I1 — 3HayeHus yrioB npw JieBoM u npaBoM myHKTax (JI =1, IT=B2).



B nensix kontpons Haxoaat yron Y =180 —B, —B,,a 3arem no koopaunaram

IMyHKTa B (JIeBBIi) U KOOpAMHATaM IyHKTa P (mpaBblil) o ¢opmynam (4.1), (4.2)
BBIYHCIISIIOT KOOPANHATHI ITyHKTA A, KOTOPBIE JOJDKHBI COBIAIATh C 3aIaHHBIMHU.

Cpennsisi KBapaTHIeCKas MOrPeIHOCTh M HOOKeHuUs! MyHKTa P, onpeaessi-
€MOr0 MPSMOW 3aCEYKOM, BEIYUCIIACTCS M0 (GopMyJie

Moo SRS 43)

psin y
TA€ m — CPeAHssl KBaApaTHUeCKasi MOrPEIHOCTh U3MEPEHHUS YIJIOB;
S1H1 §2 — PacCTOSTHUE OT UCXOJHBIX IYHKTOB JI0 ONPEENIIEMOro;
vy — yroa 3aceukd. ([lox BenmnumHoW M mOHMMAETCS BBIpaKEHUE

M= W , TOe my ¥ m, — CPeJHUE KBaIPATHIECKHE TIOTPEITHOCTH IO OCSIM

KOOpJIMHAT. )

3HaueHHE 5| U 52 C JJOCTATOYHON TOYHOCTHIO MOYKHO CHSITh rpaHuecKu, eclin
HaHECTH TOYKH A, B 1 P 110 KOOpAWHATAM B TIPOM3BOJIBHOM (MEJIKOM) MaciuTade Ha
KJIETOYHYIO OyMary Wi BIYHCIUTD M0 CleIyonuM Gopmysam:

Tabnuna 4.2. U3MepeHHbIe YIJIbl, IPaj]

Bapuant B B2 Bs Ba
0 37,251 107,454 30,686 80,767
1 49,262 37,185 100,949 33,366
2 78,661 48,349 89,792 51,323
3 71,198 57,430 80,708 56,486
4 53,745 61,560 76,576 48,024
5 54216 72,537 65,602 58,300
6 36,915 70,980 67,157 38,072
7 58,796 71,218 66,921 61,849
8 45,126 74,357 63,779 49,309
9 51,841 78,251 59,879 62,046
10 56,809 80,318 57,811 72,281
11 40,965 83,648 54,484 51,001
12 47,641 89,350 48,783 71,428
13 23,902 92,678 45,455 25,739
14 48,102 96,809 41,324 88,982
15 30,618 101,211 36,929 42,938
16 85,465 56,269 81,866 64,505
17 65,327 64,046 74,089 59,520
18 61,276 69,166 68,969 62,207
19 58,272 73,933 64,202 64,735
20 55,143 79,228 58,907 68,118
21 61,744 63,009 75,126 55,489
22 57,460 69,170 68,965 58,089
23 53,179 75,150 62,985 60,036
24 50,064 81,886 56,249 64,176
25 56,083 62,848 75,287 50,843
2 2
S12=<XP_XA) +(YP_YA) ’ (4.4)

522 :(XP_XB)2+(YP_YB)2' (4.5)



[Ipu permenny npsAMOi 3aCEUKH Ha OCHOBE JIBYX HCXOAHBIX ITyHKTOB HET KOH-

OOpKHM UCXOTHBIX KoopauHAT. [lo-

3TOMY JETAr0T HAOIIOACHNUS CIIle C TPETHETO MyHKTA M 3a[a9y PEeIIaioT JBAKIHI.

TPOJIA IMOJIECBBIX U3MECPCHUU U IPABUIIBHOCTH BBI
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PacxoxneHns B KOOpaIuHATaX IpU TIEPBOM M BTOPOM PEIICHUH TOJKHBI yI0-
BJICTBOPSATH YCIOBHUIO

r<3M (4.6)

re 7 =J(X—X")+(r-1");

M, — cpeniHee KBaIpaTUYECKOe PACX0XkKACHHUE B MOJIOKEHUU TyHKTa P U3 nByx

peleHui.
M, = M>+M?, 4.7

B cBoto ovepenp,
rae My u M, — cpeHue KBaJpaTU4YeCKHUE MOTPEIIHOCTH TOJI0KEHUS IyHKTa P 13
MIEPBOTO U BTOPOTO PELICHISI, BRIYHCIIsIEMBIE IO Gopmyie (4.3).
Ecnu pacxoxaeHue 7 OKaXeTcs J0IYCTUMBIM, TO 38 OKOHYATEeIbHOE 3HAYe-
HUE KOOpIWHAT MyHKTa P OepyT cpelnHee apupMeTHIeCKoe, KOTOpoe OyIeT UMETh
MOTPEIIHOCTh

=M (4.8)
2
HpI/I 3HAYUTCIIbHbBIX pacxomaeﬂnﬁx Memny M 1A M2 I JOCTUKCHU S 60)‘166

TOYHOI'0 OKOHYATCJIBbHOI'O PE3yJibTaTa MOKHO BOCIIOJIb30BATHCA q)OpMyJ'IaMI/I cpea-
HEro BECOBOI'0O:

_X'R+X"P,

, (4.9)

° R+P
_V'R+Y"R (4.10)

TUReR
rac

E:J? (4.11)

1
B:J? (4.12)

MZ

CpenmHsisi KBajgpaTHUecKash IOTPEIIHOCTh OKOHYATEIHHOTO MOJIOXKCHUS
ITyHKTa B 3TOM CIIydae onperenseTcs no popmyie

M=—1_ (4.13)
VA+ P

PexoMeHntyeTcs cienyromuii mopsaoK PEeIeH s 3aJa4u:

1. CocTaBuTh CXeMy, aHAJOTHYHYIO CXeMe, IIPEJICTaBICHHON Ha puc. 4.1, Ha
KOTOPYIO BBIITHUCATH KOOPIMHATHI UCXOHBIX ITYHKTOB U H3MEPCHHBIC YTJIbI B TPATy-
cax.

2. Beruucnuth yriel Y| 4 Y2 Ha ompenensieMoM myHkre (y1=180° — B —
—B2; v2=180° — B3 — B4), HAWTH 3HAYCHHS KOTAHICHCOB BCEX YIJIOB U 3aMUCaTh UX
Ha CXEME B KPYIJIBIX CKOOKax.



3. BeruucimTh KOOpAUHATHI MyHKTa P U3 Tpeyronbauka ABP mo dopmymam
(4.1), (4.2) 1 yka3aTh BX Ha cCXeMe.

4. [IpOKOHTPOIMPOBAThH PEIICHHNE ITyTEeM BBIYHCICHUS KOOPIUHAT IMyHKTa A
o TeM ke GpopMyJiaM, MPUHUMAs B KA4E€CTBE UCXOIHBIX MyHKTHI B u P. [Ipu aToM
KOOPAHMHATHI MyHKTA A TOJKHBI COMTUCH B MPEENIaX TOYHOCTH BBIYUCIICHUIA.

5. AHaJOrHYHO OMPEICTUTh KOOPAUHATHI yHKTA P 110 MCXOAHBIM MYHKTaM
B u C. Pe3ynbraThl 3amucath Ha cxeMe B ckoOkax. [IpoKOHTpOIHpoOBaTh penicHue
BBIUMCIICHHEM KOOpauHAT myHKTa C.

6. BBaucimTh paccTosiHHE S1, S2, §3 OT UCXOTHBIX ITYHKTOB JI0 OMPEEIISIeMOT0o
€ TOYHOCTHIO 0 | M W 3amucaTth Ha CXeMe.

7. IlpenBBIYMCIAUTH TOYHOCTD OTNPEEIICHUS MOJIO0KEHU MMyHKTa P 1o clemy-

omuM GopMyIIaM:
2 2
M, =TS TS (4.14)
psmy,

2 2
A42:ﬁﬁﬁhgiian (4.15)

psiny,
ITpunasTe m = 10",
8. Beraucnuth Benmauny M, o hopmysie (4.7) 1 MPOKOHTPOIHPOBATH pPellie-
Hue 1o hopmye (4.6).
9. Boiuncnute cpeHue 3HAYCHHsT KOOPAWHAT U CPEIHIOI0 KBAJPATHYECKYIO
norpemHocTs M nosjoxxeHus nyHkTa P o gpopmyie (4.8).
Perienne npsaMoii 3acedky 10 M3I0KEHHOH METOAMKE NI0Ka3aHo Ha IpUMepe

HYJIEBOI'O BapuaHTa:
2 2
M- 104/1990 ~ +1260 ~ 0,198 u,

! 206000 sin 35,3

2 2
M, = 1041260 .+ 653 —0.074m,
206000 sin 68,5

M =0211v,
r=4/0,132+0,26* =0,29 M,

r<3M,

Xp=6448,52 M,
Yp=4017,08 M,
M=0,11m.
IIpu Gomnee cTporom pemieHun ¢ Ucnojiap3oBanueM Gopmy (4.9) — (4.13) no-
JY4UM:
Xep =6448,49 M,
Yo, =4017,00 m,
M=0,088 m.




11.2. OnpenesieHHe KOOPAUHAT MYHKTA 00PATHOM 3aCe4KOi

3amava. OnpenesuTh KOOpAUHATH MyHKTa P (puc. 4.2) pemienueM o0paTHOi
3aCEYKH U OLEHUTh TOYHOCTb.

KoopauHaTsl HCXOMHBIX TyHKTOB A, B, C, D M u3MepeHHbIe YTIbI B3SATh IS
CBOETO BapuaHTa u3 Tabi. 4.3.

——-Ac

Puc. 4.2. Cxema pacronoxKeHus IyHKTOB

KoopauHaTel myHKTa P BBIYUCIUTH ABAXABI: OJUH pa3 — C UCIOJIB30BAHUCM
nyHKTOB A, B, C u apyroi pas — ¢ MCHOJIb30BaHUEM NMYHKTOB A, B, D. (B nemsax
YBEIIUYCHUS YUCIIA BAPUAHTOB MOTYT OBITh 33/IaHBI U IPYTHE COUYCTAHMSI UCXOTHBIX
MyHKTOB, Hanpumep, 4, B, Cu B, C, D.)

OO6parHas 3acedka (3amadya [loTeHOTa) HAXOAUT MHUPOKOE MPUMEHEHHUE TIPH
CO3/IaHUH ChEMOYHBIX CeTeH, MPUBS3KE a9POPOTOCHUMKOB, TIEPCHECCHIH TIPOCKTOB
Ha MECTHOCTbH U APYTHX CITydasx.

CyTb 3amaun 3aKITI09aeTCsl B ONPEACTICHUN TOJ0KEHUS 9eTBEPTOro IMyHKTa
10 TPEM UCXOJHBIM. JIJIsl ee peleHns IPEAI0KeHO MHOTO aHAJIMTHYECKUX U rpadu-
yeckux crnoco6oB. [Ipu aHanmuTHyeckoM criocode 3a1atoTcs KOOPAWHATHI TPEX HC-
XOJHBIX ITyHKTOB U U3MEPEHHBIC YIIIbI UITK HATIPABJICHUS Ha OIIPEICIIICMOM ITyHKTE.

Ha ocHOBe Tpex MCXOAHBIX IMYHKTOB 33ja4a peuraercs 0e3 KOHTpPOJs Ipa-
BIJIBHOCTH M3MEPEHUS YTIIOB U BEIOOPKH NCXOAHBIX JaHHBIX. [lo3TOMY Ha IpakTHKe
HCTIONB3YIOT YETHIPE NCXOAHBIX ITyHKTA.

To4YHOCTD OTpeIeIIeHNs TIOJIOKEHHUS ITYHKTa 00paTHON 3aC€YKOM 3aBHICHT OT
MOTPEITHOCTEH U3MEPEHHS YTIIOB, MMOTPEITHOCTEH MCXOTHBIX TaHHBIX U B3aUMHOTO
pacriosioxeHus myHKToB. Eciu onpeaenseMblii MyHKT HaX0ANTCS BOJIN3U OKPYKHO-
CTH, TIPOXOJISIIIEH Yepe3 UCXOAHBIC IyHKTHI, TO 33/1a4a pemaercsi rpybo. B cBs3u ¢
9TUM 00pATHYIO 3aCEUKy PEKOMEHAYETCS JeIaTh C NPEABBIYMCICHIEM TOUHOCTH.

OOpaTHy!0 3aceUKy MO YETHIPEM HCXOIHBIM ITYHKTaM OOBIYHO PELIAIOT B IBYX
KOMOWHAIMAX W TIPH JIOyCTUMOM DPACXOXKICHHH B KOOpPAMHATAX OMpEIETIeMOi
TOYKH OEpYT UX Cpe/iHee 3HaUCHHE.



Tabnuna 4.3. UcxoaHble JaHHbIE VISl pelieHUsl 00PATHOI 3aceYKn

Bapuanr B C D Yrusl, rpajg
X Y X Y X Y X Y 71 Y2 Y3

0] 6646,71 4203.53 6593.03 5061,21 6067.35 5098,68 5823.16| 4002.01 95,178 | 145417| 269,952
1| 368.87 569,37 715,67 447.81 1019.93 808,02 495.64 1148.80 62,317 133.123| 243.556
2| 166.03 432,97 765.82 47,96 1429.,10 710.41 319,78 1430,25 60.215| 132,142| 256.457
3] 351,12 119,68 1058.06 326,72 1298.36 1330.45 34,08 1350.,73 46,182 96,600 167,767
4 23.89 531,75 470,08 60,66 1327.13 145,26 937.17 1373.59 45,630 93.844| 185,537
5| 528,15 430,56 1318.33 501.16 1612,13 1267.38 249.93 1382.01 85.165| 165.518| 280.946
6| 443,85 291,02 1238.67 571,11 150126 1280.,02 182,18 1551.84 90,252 | 185.727| 278,371
71 694,65 899,05 1469.13 888,20 2052,24 1580,76 751.45 214022 65,486 | 113.379| 203,037
8| 61725 700,18 1370.22 777,00 1619.23 1806,82 262,58 1872.48 39.692| 83.926| 145.442
9| 174,17 465,06 911.89 431,96 1476.43 1073.,74 431,69 1756.41 40,524 | 104.654| 267.447
10| 220,71 743,23 969.82 634,92 1526,59 1265,17 405,04 1923.98 60,159 | 131.411| 256,681
11| 49041 315,92 1212.97 442.07 1611,34 1229.43 397.59 1595.94 46,528 | 176.751| 282.421
12| 184,59 396,05 831.84 125.54 1422.05 831,76 198.38 1431.,08 61,457| 134,700| 260,160
13| 400,36 351,14 1079.59 380,20 1538.75 1034.,82 411,03 1552.61 50,420 94.,675| 179,002
14| 432.68 276,01 1269.50 434.03 1633.01 1263.40 319.15 1374.46 66,146 | 136.487| 262.862
15 14,50 363.83 872,78 431,74 1207.45 1259.08 80,49 1579.18 59,380 | 184.845| 284,378
16 25.45 450,00 945,15 350,45 1306,40 1400,12 97,12 1300,12 104,708 | 208.767| 294,796
17 145.9 430,12 945.15 320,12 1306,42 1271,78 128.12 1240,18 86,543 | 180.738| 283.734
18] 350,18 250,48 1025.79 320,12 1306.44 134591 240,38 1410,12 67,989 | 172,553| 256,045
19| 240,78 250,48 1250,12 480,56 1078.63 1450,94 350,14 1025,18 89,137| 190.,802| 291,788
20| 45041 321,73 1640.1 320.21 1210,33 1612,18 341,71 980,67 92,183 | 205.436| 304.982
21 24147 322,98 1240,18 341.47 1274.73 124776 247,79 1450,18 101,152 | 184.379| 265.85
22| 24147 322,98 1045.12 241,12 1274,73 1247.76 460,18 1370,78 74,761 | 165,050| 238,766
23| 241.49 120,32 1141.78 148.43 1614,96 1071,12 241,12 1212,14 58294 | 123.590| 261.656
24| 120,14 430,12 1091.1 148.43 1614.96 1241.18 241,12 1104.56 85,297 192.172| 309.420
25 10,48 427,12 1084.78 56,27 1631,53 1024.71 108.4 1078.15 80,172 | 178,074| 319.532




Pemenue 3anaun pekoMeHIyeTCs BRITIONHATE 10 Gpopmyiiam Kueiicrs, BpIBO
KOTOpBIX UMeeTcs B yueOHuke [1, c. 567]:

X=X, =X, Y,=Y,-Y,
Xo=X.-X,, Y.=Y.-Y, (4.16)
Xy=X,~X,, V,=Y,~Y,

X\ —X.=X,—X,; Y,—Y.=Y,—Y,.(Koutpos) (4.17)

ky=ctgy, Y, - X'y, k,=ctgy, X', +Y';
ky=ctgy, Y. - X'., k,=ctgy, X .+Y,
ks=ctgy,Y', —X'), kg=ctgy, X'n+Y',

(4.18)

C, ko ks ctg(4P)

ke = ky (4.19)
C, = %27k _ tg(apy
1 _ks

Y, = kz _2C1k1 , Y, = kz _2C2k1 . (4.20)

C/+1 C, +1
X =qY,, X;=CY,. (4.21)
X =X,+X, X,=X,+X). (4.22)
Y, =Y, +Y], Y,=Y,+Y) (4.23)
x, =Xt oy BtV (4.24)

2 2

BrrurciieHus BBITIOTHUTh HA MUKPOKAJBKYISATOPE Ha OJaHKE, aHAJIOTHYHOM
MIPUBEJICHHOMY B Ta0J1. 4.4, rie MOKa3aHO pPellicHUE HYJICBOTO BapHUAHTa.

JJist OICHKH TOYHOCTH OOPATHOM 3aCEYKH BBIYHMCIHUTH CPEIHUC KBAJpaTHUC-
CKHe TIOTPEIIHOCTH TOJI0XKEHHUS MTyHKTa P U3 MepBOTO M BTOPOTO PEIICHHUS 10 Clle-

nyrommM Gopmynam:

2 2
- mBP (APJ +(CP) , (425)
p-sin(4BC+v,)\\ 4B C
2 2
M, ——mBP (AP) J{DPJ , (4.26)
p-sin(4BD+v,)\\ 4B) \ D

IZie m — CPeAHss KBaJpaTU4ecKas MOrPeIIHOCTh U3MEPEHHs! YITIOB, KOTOpas B AaH-
HOM cityuae paBHa 10",



Tab6nuua 4.4. Pernenne odpaTHoii 3aceuxu no popmyaam Kneiicas

Ha3saHue yHKTOB
O0603HaueHHs 7 3 C D

X 6646,71 6593,03 6067,35 5823,16

Y 4203.,5 5061,21 5098,68 4002,01

X’ 0 —53,68 -579,36 —823,55

Y’ 0 +857,68 +895,15 -201,52

Yis Y25 V3 95,178 145,417 269,952
ki, ko, ks —24,0430 —719,0578 +823,3812
ka, ks, ks 862.5445 1735,5135 -202,2099
C, G —-1,256044 —-1,256460

1, Y5 322,91 322,77

1, X% -405,59 -405,55

X, X, 6241,12 6241,16

Y, Y 4526,44 4526,30

Xp 6241,14

Yp 4526,37

JUTiHBI TUHUH B yTII6I, HEOOXOAMMBIC IS BEIYUCICHHUN IO 3THM (hopMyJiaMm,
onpenenuTh rpadudecku (Hamoxuth B Macmrade 1:10000 Touku 4, B, C, D u P o
KOOpJIMHATAM Ha JIUCT KJIETOYHOW Oymaru W cesiaTh HeOOXOIUMbIC M3MEPEHUS).
Jlanee, Kak U B Cilyyae OPSIMOI 3aCEUKH, BBIYUCIUTD CIIEAYIOIIHE BEIIUYHUHBI:

M, = M?+M,,

r:\/(Xl _X2)2+(Y1 _Yz)z
1 MPOBEPUTH BLITIOJIHECHUEC YCIIOBUSA

r=<3M.

Ecmm 3o YCJIOBHUE BBIMTOJIHACTCA, TO OIPEACICHUC ITOJIOKCHUA ITYHKTA MOYKHO
CUNTATh IMMPaBUWIBHBIM U 3a OKOHYATCIIbHOC 3HAYCHNE KOOPANHAT U3 IBYX peH.IeHI/Iﬁ
MIPUHUMATD CPEIHEE.

B 3aknmrouenne HCO6XOHI/IMO HalTH CPCAHIOIO KBAIPATUYCCKYIO MOTPCITHOCTDL
TMOJIOKCHUS ITyHKTA:

M

M =—=.
2

B paccmarpuBaeMoM puMepe B pe3yiibTate rpahHuecKuxX H3MEpEeHHH M0JTy-
yuM: BP = 640 m, AP = 520 m, AB = 860 m, CP = 600 m, CB = 530 M, DP = 670 M,
DB=1310wm, £ ABC =98°, ZABD = 40°. Ilo ¢opmynam (4.25) u (4.26) HaxOUM:

2 2
L AN
206000sin(98 +145) | 860 530
2 2
- 10-640 (520) J{ 6701 _ 0037 u
206000sin(40 +270) |\ 860 1310
Orcrona

M, = 0,045% + 0,037 = 0,058 m.
ITo manaeM TAOMI. 15



r=+/(6241,12 — 624116 ) + (4526 ,44 — 4526 ,30)° = 0,15 m.

B manHOM ciydae r<3M, cien0BaTeNbHO, ONPENCICHUE IIYHKTA CACIAHO TIpa-
BWJIBHO.

OxoHuYaTeNbHbIC 3HAUYEHMs KOOPIWHAT ITyHKTa P TpuBeJeHBl B Tabm. 4.4.
CpenHsis KBaJpaTU4yecKasl IOTPELIHOCTh MOJOXKEHUS TyHKTa

M =@:0,029 M.

11.3. OnpenesieHue KOOPAMHAT MYHKTA JINHEHHOH 3aceUKoi

3agaua. OnpenenuTs KOOpAUHATH TyHKTa P (puc. 4.3) MMHEHHOW 3acedKOn
1 OLEHUTHh TOYHOCTh. KOOpIUHATHI HCXOMHBIX MMyHKTOB A, B, C B3sTh U3 Tabm. 4.3
JUUTSI CBOETO BapHaHTa, a ITTUHBI IUHUH $1, 2, §3 — U3 Ta0I. 4.5, B KOTOPOU MPUBEICHBI
PACCTOSIHUS 10 MyHKTa D, 4TO MO3BOJSCT 3a/1aBaTh JOMOJHHUTEIBHBIC BAPUAHTHI.
CpeHIO KBaJAPATHYCCKYIO TIOTPEIIHOCTh H3MEPCHHUS JIMHUIA 7y BO BCEX CIyJasix
IIPUHATH OAMHAKOBOH, paBHOM 20 MM.

Puc. 4.3. Cxema pacronoxeHus IyHKTOB

Pemenue 3a71a9u BBIMOTHUTE IBAXKIBI C KCIIOJIB30BAHUEM UCXOTHBIX ITYHKTOB
A, Bwu B, C Ha 6JT1aHKe aHAJIOTHYHO MIPUBEACHHOMY B Ta0I. 4.6, T/Ie TaH puMep JIst
HYJICBOTO BapHaHTa.
3amava TMHEHHON 3aCEUKH 3aKIF0YACTCS B OMPEACICHUH KOOPIUHAT TPETHETO
MyHKTa [0 KOOPAWHATAM JBYX MCXOMHBIX M H3MEPEHHBIM PACCTOSHUSIM OT OIpEe-
JISIEMOTO TYHKTA JI0 HCXOJHBIX (OJHOKpaTHas 3aceuka). Ha mpakTuke B mesiX KOH-
TPOJISI UCHOJB3YIOT TPU HCXOIHBIX MyHKTa. JIuHMM Hamboiee ymnoOHO H3MEpSTh
AJIEKTPOHHBIMH JTAJTEHOMEPAMH, TIPU 3TOM MPHOOP MOXKHO YCTAHABIHMBATH KaK Ha
OTIPE/ICIIIEMOM, TaK M HA UCXOJHBIX IMTyHKTaX.



JIMHEHHOH 3aceuKoii, M

Tab6numa 4.5. Pe3yabTaTbl H3MepeHHUsl VIMH JIMHUI NPU oNpeeIeHHH KOOPAUHAT MyHKTa P

Bapuant S S S3 S4
0 518,28 640,27 598,19 670,55
1 326,18 394,24 418,93 340,49
2 600,31 784,53 811,38 682,62
3 652,18 1018,24 1319,15 626,34
4 671,28 906,12 1137,92 572,27
5 548,94 514,24 731,48 882,72
6 785,18 302,65 664,44 1141,22
7 541,95 822,15 1220,31 725,49
8 215,27 910,46 1500,16 1041,40
9 1134,12 910,18 641,72 620,47
10 800,23 700,01 742,52 722,09
11 984,14 510,10 462,38 1062,26
12 618,26 739,39 801,24 731,22
13 590,64 881,31 1142,22 610,96
14 831,11 720,08 842,36 631,21
15 1000,49 511,76 492,18 984,71
16 719,39 426,95 926,22 850,65
17 619,96 555,03 813,65 689,25
18 663,73 536,23 793,39 810,45
19 830,3 630,94 640,05 441,21
20 777,7 871,17 757,54 645,88
21 659,54 633,38 728,13 867,63
22 636,08 692,46 762,38 592,08
23 911,61 937,22 983,54 482,95
24 843,10 631,34 867,22 748,24
25 996,19 742,90 731,74 881,94
Tab6nuiga 4.6. Pemenue JuHeHOM 3aceuKkn
Has3Banue myHKTOB
O6o3HaveHus 7 3 C
X 6646,71 6593,03 6067,35
Y 4203,53 5061,21 5098,68
S1, 82, 83 518,28 640,27 598,19
(4B), (BC) 93,581 175,923
S4B SBC 859.36 527.01
P, B2 47,903 60,740
(4P), (BP) 141,484 236,663
X, X 6241,19 6241,16
Y,y 4526,28 4526,29
BP, CP 640,27 598,20
Y1, V2 84,819 50,228
My, M, 0,028 0,037
M, 0,046
r 0,032
Xp 6241,18
Yp 4526,28
M 0,023

IlocienoBaTeIbHOCTH pellleHNs 3aCeYKH U padodue (popMy.Ibl.
1. OnpenenuTs AUPEKIUOHHBIE YTIIbI U JJIMHBI HICXOJHBIX JIUHUIL:




YB_YA

AB)=
( ) arctg X,—X,

S i :\/(XB_XA)2+(YB_YA)2’

-Y
BC)=arctg—<—5-
( )arcgy‘_n,

a

S 5= \/(XC‘_XB)2+(YC‘_YB)2'

2. Ha ocHOBaHHMH T€OPEMBI KOCHHYCOB OTIPEICIUTh YTIBI 31 U B2:

S2AB + s21 - Szz
B, = arccos ———,
28 455,
s213c +s22 —s23
B, =arccos————
SpcS2

3. BeruuciuTh TUpEKIMOHHbBIE YIIIbl JINHUH AP 1 BP:

(4A=(4B+p,
(BA=(BG+B..

4.27)

(4.28)

(4.29)

(4.30)

4.31)

(4.32)

(4.33)
(4.34)

4. OnpenenuTh KOOPAWHATHI IIYHKTa P U3 IEPBOTO M BTOPOTO PELICHHUS:

X'=X,+s,cod{ 4P,
Y'=Y,+s,si{ 4B,
X"=X, +s,co$BP,
Y"=Y,+s,sif{ B,

(4.35)
(4.36)
(4.37)
(4.38)

Jlis KOHTPOMS BBIYMCIUT JUIMHBL TUHUNA BP u CP 1o KoopJUHaTaM U cpaB-
HUTb UX C U3MEPEHHBIMU 3HAUEHUSIMHU S2 U 53. PacXx02k1eHNs HE JOKHBI IPEBHIIIATh

TpEX eIUHHMII IOCIEeTHEro 3HaKa (3 cM):

BP =\(x - X, +(y'-v,).
CP=AJ(x" =X Y+ -v.).

(4.39)
(4.40)



5. IIpousBecTy OIEHKY TOYHOCTH U 3aKITIOYUTEIBHBIN KOHTPOJb MTPABUILHO-
CTH OTIPE/ICIICHNUS TIOIOXKEHHUS ITyHKTA.
5.1. BBIYHCIUTD yTIIbI 3aCEUKH:

Yy, = arcsin Sap SInPy , (4.41)
53

Yy, = arcsin M (4.42)
S3

5.2. Beruuciauts CpCAHUC KBAAPATUYCCKUC MMOTPCITHOCTU ONIPEACICHUS 110~
JIOKCHUS ITYHKTA Pus TNEPBOTO U BTOPOI'O PCHICHUA:

M, = ’”yﬁ i (4.43)
sinvy,

A@:Zdz (4.44)
sinvy,

5.3. Berunciuthb
M, =\ M?+M,,
r=J(X - x"F + (v -y
U [IPOBEPUTD BBITIOJTHCHUEC YCIIOBUA
r<3M..

6. BerancimTh OKOHYATENbHBIC 3HAYCHUS KOOPAMHAT IIyHKTa P 1 cpeIHIo
KBaJPaTHIECKYIO MMOTPEITHOCTH €r0 TOI0KEHUS:

X+X" Yy
Xp= 5 s L p = 5
MZMF.

2

II puMegaHuce. I[J'IS[ OLICHKH TOYHOCTHU OIIPEACICHHUS MOJIOKECHHUA ITYHKTOB HpHMOﬁ, 06paTHOI>’I u
JIMHEWHOW 3aceuKkamMu MIPUMEHAIIUCH (I)OpMyHI)I, B KOTOPBIX HE YIUTBIBAIOTCS IMOI'PEITHOCTU B KOOPpAUHA-
TaX UCXOOHBIX ITYHKTOB (npez{nonaraeTc;{, YTO OHH npeHe6peraeM0 MaJ'ILI)A B TIPUBEACHHBIX BapHaHTax
OTO YCJIOBUEC BBIITOJIHEHO. Ha IIPAKTUKE B KAYECTBE UCXOAHBIX MOTYT UCIIOJIb30BATHCA TOYKH CbEMOTHOTO
06OCHOB3HH5[, TIOIrPpCITHOCTH ITOJIOKECHUA KOTOPBIX CYIICCTBCHHBI. B Takux ClydasixX AOIyCTUMOCTb BE-
JIMYWHBI 7 YCTaHABJINBACTCS B 3aBUCUMOCTH OT Tpe6yeMoﬁ TOYHOCTHU OIPCACIICHUS KOOPANHAT ITYHKTOB.

11.4. OnpenesieHue KOOPAMHAT MOJISIPHO-JTIYY€EBbIM

B ycnoBusix OTKpBITONH MECTHOCTH M MPHU HAIUYUU IJIEKTPOHHBIX TaXEOMETPOB
ChEeMOYHOE 00OCHOBaHME HamOoiee ((GEKTHBHO CO3[aBaTh IMOJSPHBIM WM TO-
JIIPHO-JIY4YEeBbIM METOAOM. IIpuM 3TOM HEMOCPENCTBEHHO B MOJIEBBIX YCIOBHSIX
MOJKHO aBTOMATHYECKH ITOydYaTh KOOPIMHATHI W BBICOTHI TOYEK HabOmromeHus. B
CIIydasx MPUMEHEHHs CBETOJaTbHOMEPHBIX HACAIOK Ha TEOJOJUTH 00paboTKa M3-
MEpPEHUI BBITIONHSACTCS B KAMEPAJIBHBIX yCIOBUSAX.

3aganue. BeraucanTs KOOPAWHATE TOYEK ChEMOYHOTO 0OOCHOBAHMS, CO3/IaBa-
€MOT0 TOJISIPHO-JTYYE€BBIM METOJIOM.

KpaTkue cBenenusi o mojeBbIx padorax. Ha yyactke, momjiexamniemM crEMKe,
HUMEETCS IYHKT A re0JIe3UUeCKOi CETH, C KOTOPOTO BUCH Apyroii myHKT B (puc.1).



Touku créMouHOTO 060CHOBaHMSA 1,2, ... 12 BRIOMpaIHCh Tak, 9TOOBI ¢ HUX obecrie-
YHBAJACh BUAUMOCTE HA MTyHKT A U CO3IaBaJICS XOPOIIHiA 0030p IS MOCIICAYIOMIEH
cheMKU. BONM3M myHKTa A 3aKpeIuisiach IJisl KOHTPOJIST Touka A'.

o)

Puc 1. Cxema cbeMOYHOTO 0OOCHOBAHUS.

H3mepenus BRITIOTHUIMCEH cBeTonatbHOMepoM CTS B cOYeTaHNH C TEOIOTUTOM
2T5K (cBeTomanbHOMED YCTAaHABIMBAICS HAa TEOMOJIUT) C MCIIOJIb30BAHHEM BEXH C
OJTHOTIPU3MEHHBIM OTPaXKaTEIIEM.

[Tpubop BHauase ycTaHaBiuBaJCs Ha IMyHKTe A. M3Mepsunch HarpaBieHus Ha
BCE TOYKHM OJHHUM IOJHBIM IPHUEMOM (HavaibHOE Ha MyHKT B) u paccrostHus (10
TOUYKH A' pyserkoii). 3aTeM npuOop ycTaHaBIMBAJICS Ha TOUKE A', ¢ KOTOPOH TaK ke
N3MepsUTUCh HalpaBieHus (HauallbHOe Ha TOuKy B) u paccrosiuusi. PesynbTats u3-
MepeHuil (cperHue 3HaUeHIs HallpaBIICHHH, BEIpaKCHHBIE B Tpaxycax, i TOPH30H-
TanbHBIC IPOJIOKEHUS IMHUH S) npuBeaeHbI B Tabn. 5.1 n 5.2.

BoinosiHeHne padoThl. /{15 BEIYKUCIICHNS KOOPAWHAT TOYEK CHEMOYHOTO 000C-
HOBAHHS BCE CTYAEHTHI UCITIOJIB3YIOT KOOPAMHATHI ITyHKTA A, I3MEpEHHbIC HATIPaB-
JICHUSI U pacCTOSTHMS, ITpuBeieHHbIe B Ta0. 5.1 u 5.2. Koopaunatel nyHkTa B 3ana-
I0TCS IIpernoiaBaTeieM U3 Tabu.5.3.

O0paboTKy pe3ysIbTaTOB U3MEPEHUI PEKOMEH/1YETCSI BBIIIOIHATH B CIEIYIOIIEM
MOpSAKE.

1. ITo 3agaHHBIM KOOpPAWHATAM TOYEK A M B BEIYNCINTG TUPEKINOHHBIA yTOT U
nnuHy nuaun AB:

. =arctg—8 1 (1.1)
AB 54 X, X, > .
2 2
S=y(X, =X,V +(¥,-Y) (1.2)
Pelenre MpoKOHTPOIMPOBATH 110 (hopMysIamMm
Xy=X,+8 0080 ,,;; (1.3)

Xy=X,+S8,,c080,,;. (1.4)



Ta6nuuaSs.l. Be1oMocTh BHIYHCICHHSI KOOPAHHAT TOYEK CHbEMOYHOr0 0G0CHOBAHUSI

Touku | U3mepennsble | lupexkuu- | Paccros- Mpupamenus Koopannatsl
Ha0JII0 | HATIPABJIEHUA | OHHBI Hus S
JIeHUs yroa AX AY X y
Cr.A 2540,50 4238,25
B 0,000 298,681 2375,54| +1140.10] -2084.60 3680,60 2154,18
1 15,324 314,005 548,25 +380,28 -394,34 2921,38 3843,91
62,185 0,866 684,19 +684,11 +10,34 3224,61 4248,59
A' 87,491 26,172 10,00 +8,97 +4,41 254947 4242,66
3 90,541 29,222 285,42 +249,10 +139,34 2789,60 4377,59
4 92,256 30,937 785,16 +673,46 +403,65 3213,96 4641,90
5 148,491 87,172 762,21 +37,61 +761,28 2578,11 4999,53
6 172,219 110,900 472,15 -168,43 +441,08 2372,07 4679,33
7 179,561 118,242 836,25 -395,71 +736,70 2144,79 497495
8 200,534 139,215 500,42 -378,90 +326,89 2161,60 4565,14
9 242,318 180,999 764,26 -764,14 -13,32 1776,36 422493
10 271,540' 210,221 385,20 -332,85 -193,89 2207,65 4044,36
11 301,250 239,931 621,12 -311,21 -537,53 2229,29 3700,72
12 334,226 272,907 364,15 +18,47 -363,68 255897 3874,57

PesynbTaThl BEIYUCIICHHI 3anMcaTh B Ta0M. 1, Kak 3TO CHIEIaHO B MPUBEICHHOM
puMepe.
2.BBIUMCIATH TUPEKITMOHHBIE YTJIbl HAIIPABJICHUH HA TOYKU ChHEMOYHOTO 000C-

HOBaHU 10 (HopMyIie

a,=a,,+p5, (1.5)
rae P, - HanpaBiieHre Ha TOUKY 1.
3. BeraucnuTh npupameHus KOOpAnHAT
AX, =S, cosq,
i i i (1.6)
AY, =S sinq,
i i i (1.7)
1 KOOPAWHATBI TOUCK
X =X,+AX,
i C i (1 .8)
Y =Y.+AY
i ¢ I (1.9)
Ta6numa5.3. BegoMocTh BHIYHCIEHHSI KOOPAHHAT TOYeK ChEMOYHOr0 000CHOBAHUS
Toukn | U3mepen- | [dupek Paccros- |IIpupamenus Koopannatsi
Ha0/I10- HbI€ IUOHHBIIH Hus S
JAeHus1 |Hampasie-|  yroa
o a AX AY X v
Cr.A' 254947 4242,66
B 0,000 298,440 2375,12 | +1131,13 | -2088,48| 3680,60 2154,18
1 14,567 313,007 545,23 +371,89 -398,71| 2921,36 3843,95




271.674 210,114 395,16 -341,82 -198,26| 2207,65 4044,40
300,987 239,427 629,47 -320,17 | -541B596| 2229,30 3700,70
333,028 271,468 368,18 +9,43 -368,06| 2558,90 3874,60

2 62,067 0,507 675,19 +675,16 +5.97| 3224,63 4248,63
3 90,880 29,32 275.48 +240,19 | +134.90| 2789,66 4377,56
4 92,564 31,004 775,19 +664,44 | +399,30| 3213,19 4641,96
5 149,394 87,834 757,38 +28,63 | +756.84| 2578.,10 4999,50
6 173,676 112,116 471,32 -177,44 | +436,64| 2372,03 4679,30
7 180,487 118,927 836,62 -404,67 | +732,24| 2144,80 4974,90
8 201,818 140,258 504,37 -387,83 | +322,46| 2161,64 4565,12
9 242,872 181,312 773,37 -773,17 -17.71] 1776,30 422495
A 267,689 206,129 10,00 -8.98 -4.40| 2540.49 4238.26

10

11

12

4 .BbIUMCIICHHBIE KOOPAWHATHI TOUYKH A' 3amucarh B Ta01.3, KOTOpyto 00pabo-
TaTh aHAJIOTUYHO.
Ta6nuuab.3. KoopauHatel HCXOAHOTO IyHKTa B

Bapuantst X v Bapuantst X N
1 3369,91 2012,21 14 969,19 6019,87
2 2227,10 1883,47 15 733,56 5780,38
3 1403,89 2152,27 16 653,06 5680,73
4 2114,08 6575,20 17 478,82 5418,36
5 1156,60 6169,06 18 248)95 4864,33
6 769,18 5821,16 19 199,55 4642,14
7 4876,78 4668,34 20 166,30 4158,49
8 468391 5262,44 21 264,36 3558,27
9 4404,87 5710,43 22 328,94 3370,97
10 3698,20 6312,60 23 881,92 2537,57
11 2766,86 6602,98 24 1218,34 2264,65
12 223372 6593,90 25 1357,44 2178,26
13 1901,15 6526,14

5. [IpoKOHTPOIMPOBATH pELICHHUE 3a1a4H.

KoHTpob mosieBbIX U3MEPEHUH 3aKitoyacTcs B ciaenymoomeM. Pacctosane AA'
HU3MEPEHO C BHICOKOW TOYHOCTBIO, II03TOMY KOOPMHATHI TOYKH A, BEIYHCICHHbIC B
Tab1.3, MPAKTUYECKH JOJDKHBI COBMAAATh C MCXOAHBIMH, 3alMCAHHBIMU B TabI.2
(PacxokmeHust He TOJDKHBI TIPEBBIMIATh 1-2 ¢M).

JlonycTUMOCTD PacX0oKICHUH KOOPIMHAT IPYTUX TOYEK MOYKHO YCTaAHOBUTD, UC-
XOJIs U3 CIICAYIOIINX PACCYKICHUM.

CpenHsisi KBaJpaTHUeCcKasi OMIMOKA MOJI0KEHUS TOYKH OTHOCHTEIBHO CTaHIIUH
IIPH TOJSIPHOM METOJIe HaXOUTCS 10 (hopMyIie

2
m
m, = |m’ +Sz[ﬂ]

P (1.10)
rJIe M U M, - CPEJIHUE KBAJAPATUUECKHE OIIHOKH B JJTHHE TMHUK S U TUPEKIIHOHHOM
yIJIe o.

B paccmaTpuBaeMoM ciydae MOKHO IpuHATH ms=0,02 M, mg=5". DTH omubxu
MIPaKTUIECKH OYIyT OMUHAKOBHI MPH HabmoaeHusX ¢ myHkTa A u Touku A'. Tlo-
9TOMY JIOJDKHO BBIMOJIHSITHCS YCIOBUE



F=y(X] = X!+ (¥ -Y") <3MA2, (1.11)

rae X, X", Y/, Y/, - KoopauHaTBI TOUKH i, ONpeieIeHHbIE C MyHKTa A 1 Toukn A'.
Jlst camoit 6nmskoit Touku 3 (S=275 m) M=0,Q2 M, a 1yt camoii najabHEeH TOUKH

7 (S =837 m) M=0,03 M. B nepBom ciyuae 3M\/§ =0,08 M, a Bo BTOpoM 0,13 M.
B npHBeICHHOM MPUMEPE IS TOUKH 3 HOTYduM

7 =4/0,06" +0,03> =0,07 v,

a I TOYKy 7

r =4/0,01° +0,05° = 0,05 m.

CrnenoBatenbHO, PACXOXKICHHUS B KOOPAWHATAX JTOITYCTHMBL.

[TomoOHBIE pacyeThl HEOOXOIUMO BBIIOJIHSITE JJIS OJHOW-ABYX COMHHUTEIBHBIX
TOYEK, a JUI OCTAbHBIX - OFPAHUYUTHCS OCTIIBIM MPOCMOTPOM KOOPIMHAT

[Ipu KOIMyCTHMOM PacXOXKACHUU B KOOPAHMHATAX 32 OKOHYATEIbHOE NMPHUHUMA-
eTCsl CpeJiHee 3HaUCHHEe, KOTOPOE 3aHOCUTCS B Kataior koopauHat. (CocTaBicHUE
KaTayiora 3a/laHueM He MPeIyCMaTpUBACTCA).
B oTuere no manHOMY paszaeay HeoOXOOMMO IIPUBECTH 3aJaHUE, CXEMY CHEMOY-

HOTO 00OCHOBaHUS, BEIOMOCTH BBIYHCICHHUS KOOPAWHAT, padodre GopMysl U pe-
3YJIBTaThI OICHKH TOYHOCTH.

Bonpocs! s caMonpoBepKu

1. Kak xoHTpONHpyeTCs ONpeIciICHUE MOJIOKEHHS ITYHKTOB IPSMOM, 00pat-
HOW M TUHEHHOM 3aceuKamu’?

2. [Ipu xakOM PAacIIONIOKEHUH MCXOTHBIX U OMPEACIeMOro IIYHKTOB perlie-
HHUE 00paTHOM 3aCEUYKH HEBO3MOXKHO?

3. [Ipu xKakOM yTJie 3aCEUKH MOJIOKEHHE ITyHKTa OyIeT ONpeeeHO MPsIMOi
3aCEUKON C MAKCUMAaJIbHOM TOUHOCTBIO?

4. KoopauHATHI CKOJILKHX IMTYHKTOB OYYT ONPEACICHBI OJJHOKPATHOM JINHEH-
HOM 3aceukoi?

5. Kakue ¢opmynsr pemenus mpsimoii 3aceuku (["aycca, FOnra) sBnsroTcs
YACTHBIM ClIy4aeM ApYyTrux?



