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JlaGopaTopuasi padora Nel IloaroroBka pa3ouBOYHOI0 YepTexa

Heab u 3a1aun padoThI
[Tomy4nTh HaBBIKA B MOATOTOBKE JAHHBIX JJIS MMOCTPOSHUS Pa3OMBOYHOTO

yepTexka, HayuyuTbcst 0QOPMIISITh pa30UBOYHBIN UEPTEXK.

3aganune

[ToaroToBUTh pa30MBOYHBIN YEpTEXK IS SKWIOro joma 12x24m 110
OCHOBHBIM OCSIM, Pa3MECTUB €ro MEXAY ABYMS >KWIBIMHU 3IaHUSIMU TOCEPEAUHE.
3aaHbl KallUTAJbHBIX 3JaHUU U

KOOpAHWHATBI  YIJIOB

JIBYX  ITyHKTOB
MOJIMTOHOMETPHUH, OHU (KOOPJIMHATHI) MPUBEICHBI HA pUCYHKE 1.
HUcnoab3yemoe 00opyaoBanme
Tonorpadguyeckuit maH, MacirabHas JMHEHKa, KAIbKYJISTOP.
Hcxoanbie 1aHHbIE
NcxoaubIiMu JaHHBIMU SBJISIIOTCS] KOOPIMHATHI YIJIa 37aHUs, TUPEKIIMOHHBIN
YTOJ1 HaYaJIbHOM CTOPOHBI, KOOPJAUHATHI OMIOPHBIX IMTYHKTOB.
OmnpenesieHue KOOPAUHAT MPOEKTUPYEMOTI0 3AAHUS
Hcnonb3yss KOOpAMHATBHI YIVIOB KaNHWTAIBHBIX 3AaHUM Tl u T2, pemum

oOpaTHYI0 T€oJIe3MuecKyl0 3amauy (tabmuna 1) myis omnpenesneHus pacCTOSHUS

MEXKy TOUKaMH | ¥ 2 ¥ TUPEKIMOHHOTO yTIJIa JUHUA 12.

(Yz _Yl) . (Xz — Xl) (Yz _Yl) 2 2
t = d = = d = AY AX 1
go (X, - X,) 12 cosay, sin i - d;, =4/(AY}; +AX}) ( )
Ta6nuna 1 ObpatHas reoe3ndeckas 3aaadya
Touku X Y AX u AY Tg Ol12 012 D12
1 1307.21 2625.74 —27.57
0.45167 |204°18°26" | 66.98

2 1246.17 2598.17 -61.04

[lo ycnoBuio 3afauv OT PACCTOSIHMSI MEXKIY TOUKaM BBIYUTAEM pa3Mep

34JaHuA U ACJIIMM IIOIIOJIaM, TaKHM 06pa30M IMOJIYIUM pPACCTOAHHUC OT TOYKH 1 a0

toukn ['l mpoekrupyemoro 3mamms. D;r; = (66.98 -12,00) /2

JupekuunonHsiil yron HanpasieHus 1-I'1 paBen oy r; = 204°18°26".

4

= 27,49.




BpruucianM KOOpAMHATHI YIVIOBBIX TOYEK MPOEKTUPYEMOTO 3[aHHs peras

npsiMbIe reo/ie3nYecKre 3a1auu 1o HanpasiaeHusMm 2-1'1; I'1-Al; A1-A7; A7-1'7.

Tabnuua 2 Berancinenue KOOpAuHAT IPOESKTUPYEMOTO 3/IaHUs

IreMeHTEI (hop- oT1 T1-Al A1-A7 A7-T7
My/JI
1-2 1-2 1-2 1-2
o2 204°18'26 204°18'26 114°18"26 24°18'26"
D1 27,49 12,00 24,00 12,00
X1 1307,21 1282.16 1271,22 1261,34
AX1> = D15°COS 0442 -25,05 -10.94 -9,88 10,94
AXo= X1+AX, 1282,16 1271,22 1261,34 1272,28
Y, 2625,74 2614.42 2609,48 2631,36
AY]_Z: D12’ sin Ol12 '11,32 '4,94 21,87 4,94
AY =Y 1+AY 15 2614,42 2609,48 2631,36 2633,30
N+ 130721 NN
Y=2625,74 K RS
i N
unll ) N\ A’lu,,y /
("_‘“:) =S
X=1297.50
Y=258187 f
A ‘,"/ \ NG 1 uni? 5
NP X=1273.91
\\__\,/'\A‘, Y=26732
X=1246.17
ll‘/«.,_ \'\2503 17
L R
i b -

Pucynok 1- Cxema pacnonoxXeHus 3/1aHuii

Cxema cBsi3H MEKAY UCXOAHBIMHU U MPOCKTHBIMHA TOYKaAMHU

Cxema CBSI3M OCHOBaHAa Ha TOM, YTO MEXIY HCXOAHBIMU TOo4Ykamu Tl u T2
OTCYTCTBYET MpsiMas BUAUMOCTb U PA30MBKY CJEIYET MPOU3BOJAUTH OT ITyHKTOB

nosuroHoMeTpuu. Touku T1 1 T2 MOXKHO UCHOIB30BATH J1JIs1 KOHTPOJIBHBIX MPOMEPOB t

(pucyHok 1.2).
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Pucynok 2 - Cxema cBs13eil MEXIy HCXOIHBIMU U POEKTHBIMU TOUKAMU

Touka I'l BBIHOCUTCSA NOJSIpHOW 3ac€4yKoM, B Touke mmll  crpoutcs ro-
PU3OHTAJIBHBIM YroJI U B IOCTPOCHHOM HAIpPaBJICHUN OTKJIAJBIBACTCS PACCTOSHUE
nnll-I'l. 3areM B moiydyeHHOW Ha MeCTHOCTM Todke ['l mossipHbIM crocoOoM
BBIHOCUTCS Touka I'7, 3a HeM TakuMm ke cnocodboMm Touku A7 m Al. Pa3OuBka

poBepsieTCSa KOHTPOJIbHbIMY npoMepamu ['7-T1 u Al-12.

Pemenue OﬁpaTHLIX reoIE3HYCCKHUX 3a1a4 U ONpPEeaAcJceHUE YIJI0BbIX

3JIEMEHTOB pa36nBqu0ro yepTeka

Jis  cocraBieHUs pa3OMBOYHOIO YEpPTEXKa HYKHO pElIUTh OOpaTHbIE
reopesndeckue 3agaun: mmll - mml7; moll - I'l; Al -tl. D10 HE0OXOAMMO I
OIpENENeHNs] IJIUH JIMHUM U JTUPEKIMOHHBIX YIJIOB KaK JaHHBIX JJISl COCTABJICHUS
pa3OMBOYHOTO YepTekKa.

Penrenne oOpaTHBIX T€0IC3MUECKUX 3a]1au BBITOJHAETCS 10 (popmyiam (1).

Ta6numa 3 OOpaTHbIe T'e0/1e3UYECKUe 3a/1aun

OnemenTsl GopMyN | 11-mm 17 | mm 11 —T'1 I'7-—12 Al-Tl
1-2 1-2 1-2 1-2
X5 1273.91 1282.16 1307.21 1246.17
X1 1297.50 1297.5 1272.28 1271.22
AX1= Xo— Xy -23.59 -15.34 34.93 -25.05




Y, 2673.23 2614.42 2625.74 2598.17
Y, 2581.87 2581.87 2633.3 2609.48
AY =Y ~Y, 91.36 32.55 -1.56 -11.31
tg 012 =AY 12/AXy, -3.87283 -1.42613 -0.21643 0.451497
P 85°31'19" 74°46'00" 12°12'44" 24°17'56"
012 104°28'41 115°14'00 347°47'16 204"17'56
COS 032 - 0.25001 -04263 1 0.97737 0.91141
D1, = AXyo/ €OS 0y 94.36 35.98 35.74 27.48
sin oy 0.96824 0.904579 -0.21154 0.411499
D12 = AY 1o/ Sin g 94.36 35.98 35.74 27.48

PaCCTOHHI/ISI, HGO6XOI[I/IMI)IG HJIs1 BBIHOCA TOYCK IIPOCKTHPYCMOI'O 3dHMHA,

OepyTcs TpsSMO U3  TaOJIMIIBI,

Pa3HOCTAM JUPCKOMOHHLBIX YIJIOB.

Boruucnenue yrna nm 17— nm 11 —T'1:

O1117 = 104028'41", 01111 =115" 14'00".

Wckompblit yron Oynet paBeH
Bum1= 115°14'00" - 104°28'41=10°45'19".

Boruucnenue yrna nn 11-T'1 —I'7:

01111 =1 15|14|00", (1]"1,1"7:1 14018'26",

Uckomerit yron Oyaer paBeH

B =294°1826"-115°14'00" = 179°04'26".

[Tomy4yennsie nanHbie 0OQOPMIISIOTCA Ha Pa30MBOYHOM YEPTEXKE.

Odopmitenne pa30MBOYHOI0 YepTexKA

or7-r1 = 294° 18'26"

a4 TOPHU3OHTAJIBHBIC YIJIbI BBIYUCIIAIOTCA 110

Pa30uBOYHBIN YEPTEXK COASPIKUT TCOMETPHUECKYIO CXEMY CBSI3EeH U He-

00XO0JIMMBIE JJI BIHOCA OCEU MPOEKTUPYEMOTO 3/1aHHSI YTIIOBBIE U JINHEHHbIE

CBSI3M, KOTOPBIE MOIYYalo MPHU MOJTOTOBKE IaHHBIX (PEIICHHE MPSAMbIX U

oOpaTHBIX 3aj1a4).
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Jlabopatopnass paGora Ne2. IlpoexkTHpoBaHHMe Tpacchl AaBTOMOOWJIBHOM

0pOrH

Heab u 3agaun padoThI
3yuuth MeTONUKY OOpabOTKM  pe3yJbTaTOB HUBEIWPOBAHUS, TOPSIOK
MOCTPOEHUST TIPOJOJILHOTO MPOMUIISL IO PE3yIbTaTaM HUBEIUPOBAHUS, MOIYIHUThH
HaBBIKH ITPOCKTUPOBAHMS 110 MPO0JIHBHOMY MPODUITIO.
Hcnoab3yemble MaTepuaJbl 1 000py10BaHNe
KypHan TeXHHYeCKOro HHUBEIMPOBAHUS, MUKETAKHAS KHUXKKA, MUJUTMMETPOBKA,
JIMHEIKA, KAJIbKYJISTOP.
HNcxoanple JTaHHBbIE

HNcxomnoit wmHopMamumedt 11 BBIMOJHEHUS PaOOTHI CIYXKHT KypHal
HUBEIMpOBaHUs (Tabiuua 1) mo ocu Tpacchl MPOEKTUPYEMOM aBTOMOOUIIbHOM
JIOPOTH M MHUKETAXHBIA KypHaJ, MOKa3aHHbIM Ha pUCYHKe 1. M3 TeXHUUYECKUX
yCIOBUM TpeOyeTcs COOII0/ICHHe MUHUMAIBHBIX PaJlyCOB KPYTOBBIX KPHUBBIX -
500 M, npoaosibHBIN YKIIOH He 60mnee 20%,. Hauanbnas npoekTHas BbicoTa H o =
96,50 M, xoreunass H= 102,30 m.

Ta6numa 1. )KypHan HuUBeIMpOBaHUS

No| Thxeres OrtcueTsl h, heor | Ve | Huenps | Hiww H, M
3and. | Ilepen | Ilpom. | MM | MM |MM | MM M
1 |Pnll7-| 614 | 1724 -1110(-1111] 1 | -1110 97,548
-nkl7 | 5400 | 6512 -1112 96,438
2| mkl7- | 738 | 2718 -1980(-1978| 1 | -1977 |97,176| 96,438
-nk19 | 5524 | 7500 -1976 97,179 94,461
17+34 1065 97,178 96,113
17+81,1 912 96,266
17+85,1 889 96,289
nk18 2365 94,813
3| mk19- | 1012 | 2495 -1483|-1483| 1 | -1482 |95,473| 94,461
-nk21 | 5800 | 7283 -1483 95,474 92,979
19+60 420 95,474 | 95,054
k20 1826 93,648
4 | nk21- | 2010 | 2215 -205 [ -204 | 1 | -203 |94,989| 92,979
-nk23 | 6798 | 7001 -203 94,991 | 92,776




21+25 1025 94,990 93,965
K22 2236 92,754

5| mk23- | 2895 | 215 2680 |2679| 1 | 2680 [95,671| 92,776
-nk25 | 7679 | 5001 2678 95,671 95,456
23+25 2546 95,671 93,125
nx24 1023 94,648

6 | nk24- | 2569 | 724 1845|1844 | 0 | 1844 95,456
-Pn321 | 7355 | 5512 1843 97,300
Cymma | 48394 | 48900 -506 | -253 -248

Y — Znepens = 48394 - 48900 = -506

(Zoam— Znepen)/2=( 48394 - 48900)/2= -253

f=2p— e = -253 — (97,300 - 97,548) = - 253 — (-248) = -5 MM
fon=(50L kM) MM =501 =50 mm. (L =1 km)

O0paboTKa KypHAJIa HUBEJUPOBAHUA
Teopemuueckue nonosxcenusn

[TonyuuB 3amaHue, CTyAeHT oOpabaThiBaeT KypHaJl TEXHUYECKOTO
HUBEIMPOBaHUA. Ha KakmoW CTaHIMKM MO Pa3HOCTSAM OTCYETOB Ha 3aJHIOK0 U
MEPEIHIOK PENKY BBIUMCISETCS MPEBBILICHUE MEXIY CBI3YIOIIMMH TOYKAMHU U
cpennee npepbimieHue (10 1 mm). [locTpaHUYHBIA KOHTPOJIb BEIYMCIEHUH COCTOUT
B TOM, 4YTO Ha KaXJOM CTpPaHHULE »IXKypHaja BBIIUCHIBAIOTCS BHU3Y MOJ
COOTBETCTBYIOIIUMHU rpadaMu CymMMa OTCUETOB IO 3aHEH U TIEpelHel perkam u
anreOpanyeckas cyMMa OpeBbllIeHUU. [Ipu 3TOM AOMKHBI TOYHO COOJIIOAATHCS

YCJIOBUSL:
2.a,-2b,=>h, (1)
Sz

cp

(B mpenenax OnMMOKU OKPYTJICHHS).
Ecnu noctpanuyHbli KOHTPOJIH MOJATBEPIKIAET MPABUIBHOCTD BEIYUCIICHUH,
TO ONpPEAEISIETCS HEBSA3KA HUBEIHUPHOTO XOJa, MPOJIOKEHHOTO MEXIY ABYMS
pernepaMu, OTMETKH KOTOPBIX U3BECTHBI.
fy :thp _(HK - HH) (2)
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rae Hy — oTMeTka KOHEUHOTrO penepa;
H, — oTMeTKa HayaabHOTO penepa.
JIoIyCTUMOCTB HEBA3KU ONpeaensiercs no popmyse

f p(oon £50114/L (3)

rae L — mmHa xona, KM.
Ecnu HeBsizka OKaXXeTCs MEHee JIOMyCTUMOM, TO €€ paclpelelisiioT ¢
oOpaTHBIM 3HAKOM TMOPOBHY MEXIy BCEMH H3MEPCHHBIMH IPEBBIIICHUSIMHU, TaK

4TO IIoIIpaBKa K KAKAOMY CPCAHCMY IMPCBBIMICHUIO ITPpH 06H1€M HUCIIC CTaHI_II/Iﬁ n
Ah=-—" (4)

BGJ'II/ILII/IHy IIOIIPpABKU OKPYIJIAIOT A0 HOCJIIbIX MHUIIJIMMCTPOB. CYMMa BCCX

BBCIACHHBIX ITIOIIPABOK AOJDKHA OBITH paBHa HCBA3KCE, B3SITOM C O6paTHBIM 3HAKOM:
D Ah=—f, (5)

Ecnu 4ncno MUIIITMMETPOB HEBSI3KM OKAXKETCSI MEHBIIE YMCIA CTAHIUH, TO
pacrpeqeieHue HaBA3KM NPOU3BOAWUTCS NO | MM Ha YacTb CTaHUWM, HO
PaBHOMEPHO IO BCEMY XOJY.

[TonpaBku MOAMUCHIBAIOTCS BBEPXY HAJ BBIYUCICHHBIMH CPEIHUMH
MIPEBBIICHUSIMH.

PacnipenenuB HEBSI3KY, BBIYUCISIOT OTMETKHM CBS3YIOIIMX TOYEK XOJa.
OTMeTKa HayaJbHOIO perepa MpU 3TOM 33JAETCA, & OTMETKUA OCTAJIbHBIX TOYEK

X04a BbIYUCIIAIOT IMOCICAOBATCIIBHO IO HCIIPABJIICHHBIM ITPCBLIIICHUSAM TaK, YTO
H n+l H n + h(n,n+l)ucnp. (6)

[IpaBUIBHOCTH BBIYMCIEHHS OTMETOK CBA3YIOLUIMX TOYEK KOHTPOJUPYETCS
3aJJaHHOM OTMETKOW KOHEYHOW TOYKHM XoAa. OTMETKH NMPOMEXYTOYHBIX TOYEK U
TOYEK MOMEPEYHUKOB BBIYUCIISIIOTCS Y€PE3 TOPU30HTHI MHCTPYMEHTA HA CTAHIIUSAX.

I'opuzonTom unctpymenta (I'M) Ha cTaHIIMKM HA3bIBAETCS BBICOTA BU3UPHOIO
Jyda HUBEJNHMPA HAJ YPOBEHHOW IMOBEPXHOCTBHIO. [ OPU3OHT MHCTPYMEHTA PaBEH
OTMETKE CBA3YIOIIEH TOYKHU ILUIFOC OTCUET I10 YEPHOM CTOPOHE PEUKH, CIEITAHHOU

Ha 3TOM Touke. Belumrtas u3 TOPU30HTAa HMHCTPYMCHTA Ha CTAHIHUHU OTCYCT IIO

11



YEPHOM CTOPOHE PEWKH, YCTAHOBJIEHHOM HAa NMPOMEXKYTOYHOW TOYKE, HAXOIAT €€

OTMETKY.

Tlopsook evinonnenus pabomol

[IpeBbIlieHre HA CTAaHIMK BBIYUCIAIOTCS Mo ¢opmyne h = a — b, rae a-
OTCUET IO 3aJHEH peiike, b - mo mepeaneit. Tak kKak HUBETMPOBAHHUE BBHITIOTHSICTCS
10 YSPHOU W KPACHOM CTOPOHAM PEEK, TO MOJIydaeTcsl 1Ba mpeBbimeHus hy u hy, u3
KOTOPBIX BBIUMCIISIETCS CPEIHEE TMpU COOJIONCHUM JOMYyCKa, KOTOPBIA IS

TEXHUYCCKOI'0O HUBCINPOBAHUA COCTABJISACT 5 MM.

| RIS = - S L T
; ,—”’ e | _, ‘\6 \‘_ ~—d
I | /’ ;ﬂyrl
bl ! PRI, (o !
I/’ 19 | Iparo
' | ‘ & Sidalt | *=29"10'11"
; i ‘ ' R=500 m
=, (55 ﬂy.%_ /2_#'_0_'1,‘" K=254,55
| | y | T=
| ' , ' +68.40 T=130.10
: . . B= 1665 |
‘ N= 565
| N TR R R R . S
| | | Nyn | KK=19+82,95
| I ! - -- =] ey =
o=l
— S— ] ——1— — .
r +85, 1

|
i " "]

|
K

| i g
Kycrapum !
|
|

o .
! ocHosmii Gop

|

| R

| fermreiers { +34
|

117 |

Pucynok | IIukeraxHsblid )KypHai
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Ilocne BBITONHEHUS U3MEPEHNN HA CTPAHMIIE BBIIOJIHAETCS MOCTPAHUYHBIN
KOHTPOJIb JJIsI CBA3YIOUIUX TOUEK. JJIsl TOr0 BBIUKUCISIETCS CyMMa 33JJHUX U CyMMa
NEPEAHUX OTCYETOB HA CTPAHULE Xy = 48394 U Xpepeny = 48900. Ilo npaBunam
BBIYHCIIEHUN Ty — Zpepern = 48394-48900 = -506 MM, 107KHA HI€aIbHO COBIAATh
¢ cymMmon mipeBbitieHud 506 Mm. Ilpu aeneHun 3TU pa3HOCTH HaA ABA IMOJy4aeM
CYMMY CPEIHHUX IMPEBBIINICHUN, KOTOpas MOXET OTiu4aThcsi Ha 1-2 MM u3-3a
OLIUOOK OKPYTJICHHUS.

VYpaBHUBaHNE NMPEBBIICHUI BBIMOIHSAETCS CISAYIOIIUM 00pa3oM:

1)  BBMHCIAETCS CyMMa M3MEPCHHBIX IMPEBBIICHHA, B HAIIEeM KypHAaJIe

OHA paBHA CyMMe€ CPEJHUX MPEBBIIEHUN — X Ny = Z Mgy = -253 MM

2)  BBIYHCIIAETCS TEOPETUYECKas CyMMa MPEBBIIICHUH, B HAIIIEM TIPUMEpe

OHA PaBHA Pa3HOCTH KOHEYHBIX BBICOT XOAA h 1cop = Hpnzzi — Hpn = 97,300-

97,548 = -248 mm;

3) memsaska f sBIsSEeTCA  Pa3HOCTBIO MEXAY IPAKTHUCCKUMH U

TeopeTuueckuMu cyMMaMu f =X Ny — X Ny = -253 — (-248) = -5 mm;

4)  HeBsA3Ka CpPAaBHUBACTCSA C JIOMYCTHMMBIM 3HAYCHHEM, KOTOpPOE B

TEXHUYECKOM HHUBEIUPOBAHUM MOXKET OBITh MOJYy4eHO T0 (Qopmyse

fHOHZSO\/I KM = 501 MM = 50 MM;

5) ecmu Hewszka f menbine mgomycka (5 MM < 50 MM), TO OHa

pacmpenensercss ¢ OOpaTHBIM  3HAKOM  MEXIYy  U3MEPEHHBIMU

MIPEBBIICHUSIMU;

6)  Tak Kak B HAllleM Cy4ae HHBEIUpPyeMble OTpe3ku Tpacchl paBHbl 200

M, a HEBSI3KAa UMEET HE3HAYUTENIbHYIO BEIMYMHY 5 MM Ha IIECTh CTaHIUH

TEXHUYECKOTO HHUBEJIMPOBAHUS, TO €€ MOXXHO paclpelesiuTb MOPOBHY,

MonpaBKu OYIyT paBHbI 1 MM, a B TOCJICIHIOIO CTAHIIMU OHA PaBHA HYJIIO;

7)  WcupaBJEHHbIE MPEBBIICHUS PABHBI Nyerp = Nep + Vi,

8) BBICOTHI MOCIIEIOBATENBLHO MOMy4aroT o ¢opmyie Hi=H; ;+ hmnp;

(Hma7=Hpn117 + Nyenp = 97,548 — 1,110 =9 6,438);

9)  TOpHM30HT MHCTPYMEHTAa Ha BTOPOM CTAaHIMM HHUBEJIUPOBAHHS paBEH

H.,=H.7+a = 96,438+-0,738=97,176 M, ¢dopMyna mjis  KOHTPOJIS
13



Berauciaennii  H,=H;+b =94,461+2,718 = 97,179 m; Ha  mepBoi
CTaHIIMA TOPH30HT HWHCTPYMEHTA BBIUMCIIATH HE HYXHO, TaK Kak HeET
IIPOMEXKYTOUHBIX TOUYCK;

10) BBICOTHI NMMPOMEKYTOYHBIX PACCUMUTHIBAIOTCS IO CPEAHHM 3HAUCHUSAM

TOPU30HTOB HHCTpyMEeHTa (MOMYEPKHYTHI B TaOJHIIEC),

Hix17=34=97,178-1,065 = 96,113 m.

ITocTpoenue npoa0JabHOI0 NPOPUIsA U MPOCKTUPOBAHKNE TPACCHI

JIaHHbIE HUBENMPOBAHUSA HCIIOJB3YIOTCA [JJII COCTABJICHHS NPOJOJIBHOTO
npoduis (puc. 2).

Cetka npoJ0JIbHOTO MPOQPHIIA COCTOUT U3 CIEAYIOIUX rpad: «IJIaH MPsSMbIX
U KPUBBIX», «IHUKETB», «PACCTOSHUMD), «(PAKTUYECKHE BBICOTBHDY, «IPOEKTHHIE
BBICOTBI», «yKJIOHBI-PACCTOSHUS, «IJIAH TPACCHD».

3amnonHeHne CeTKW Mpoduias HAYMHAIOT C Trpad «pPacCTOSHUA» U
«(pakThyeckue BBICOTHI», JaHHbIE OepyTcsl U3 JKypHajlla HUBEJIMPOBAHUS.
Hanpumep, mepBas Touka - HayaJlo ydacTka Tpacchl nkl7, ero ¢axrtuueckas
BbICOTA - 96,44 M, crnemyromas Touka nkl7+34 - 96,11 m. Ilo paccTosHHSIM U
BBICOTaM CTpPOST MPOJOJBHBIM MPOQHIIb MO OCH Tpacchl. Jlyig 3TOro BhIOMpAIOT
YCIIOBHBI TOpU30HT Ha 5-10 METpOB HMKE MEHbIIEH (haKTHUECKOW BBHICOTHI, B
HameMm npuMmepe 87,00 M. JInst kaxaol TOYKH, UMEIoLEH (PaKTUYECKYIO0 BBICOTY
OTKJIAJIBIBAIOT MEPIEHAUKYJSAP OT JIMHUM YCJIOBHOTO TOPU30HTA M, COEIUHSS
BEpXHHE  KOHIIBl  MEPIEHIUKYJISPOB, TMOJY4YalOT MPOAOJbHBIA  Mpoduib
MOBEPXHOCTU 3€MJIM IO Ocu Tpacchl. OIHOBpPEMEHHO 3alojiHseTcs rpada
«IIHKETB.

B rpade «paccrosHus cymMMa pacCTOSIHUM MEXAY CMEXKHBIMU MUKETaAMU
noipkHa paBHAThC 100 m. Tak mexny nukeramu 17 m 18 cymma paccrosHuit
34+47+4+15=100m. Ecnu mexny nmukeTamMu OTCYTCTBYIOT IUIFOCOBBIE TOYKH, TO
rpada «paccTOSIHUS HE 3alOJIHAETCA.

[IpoexTupoBaHue Tpacchl HAYMHAIOT ¢ (PUKCAIUU TTEPBOM MPOSKTHOW TOUYKH,

B HamieM npumepe 310 Hyp7 = 96,50 M, 3amana mpoekTom. 3aTeM HCCIeTyeTcs
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OnmKkaiuii yyacTok. B HamieM mpumMepe 3TO TMepeceyeHHe ¢ aBTOMOOHMIIBHOM
JIOPOTOM, BBICOTBI MEPECEUEHUS JOJDKHBI CTaTh IPOECKTHBIMU JIJISl HAIEH TPacChl.
Ha nepBom ydactke Mexay TodkaMu Hypizig1 = 96,27 M um Hpp7= 96,50 M,
BEIYHCIIAECTCS YKIOH 1=(96,27-96,50)/81,1 = 0,0028=0,003, KOTOpHIii B MPOMHUILIX
BBIMTUCHIBAETCS B TIpady «YKIOHBI-PACCTOSIHUS» BMECTE€ C pPACCTOSHHEM, Ha
KOTOPOE OH PAaCCUUTAaH.

Bce mnpoekTHble BBICOTBI Ha 3TOM YYAacTKE BBIYUCISIOTCS 10 JAHHOMY
MIPOEKTHOMY YKJIOHY.

3aTreM TMpOEKTHas JMHUS MPOBOJUTCSA, MCXOAA U3 MPAKTUYECKOIO
TpeOOBaHMs - MUHUMyMa 00BbEMOB 3eMIIIHBIX palboT. Onpenensercs rpadpuyecku
IIPOEKTHAsi OTMETKA KOHEYHOM TOYKH 3TOM JIMHUU U JIEIAETCS PacyeT MIPOEKTHOIO
YKJIOHA, [0 KOTOPOMY PaCCUUTBIBAIOTCS TPOEKTHBIE BHICOTHI.

C y4eToM NMpOEKTHBIX BBICOT MPOBOJUTCS Tpacca aBTOMOOUIIBHOW JIOPOTH U
BBIUUCIISAIOTCS pabouyre OTMETKU KaK Pa3HOCTb MPOEKTHBIX U (PAKTUUECKUX BBICOT,
KOTOPBIE B CIIy4ae HACBINH BBIUCHIBAIOTCA BBIIIE MPOEKTHON JIMHUU, IIPU BHIEMKE
- HUKE.

I'padpa «mman TpacceDy 3amodHAETCS U3 AAHHBIX MUKETAXHOTO JKypHaJa, o
ceperHe ATOM rpadbl MPOBOAUTCS JMHMS, O3HAUarolas och Tpacchl. B rpade
«IJIaH TOPSIMBIX U KPUBBIX» MPOBOAMUTCA JIMHUSA C YCJIOBHBIM 00O3HaYEHHEM
KpPUBBIX, KOTOPBIE MPOBOJSATCS BBIIIE OCH TPACCHI, €CIIM Tpacca MOBOPAYMBAET
BIIPaBO W HWXKE OCH, €CIM Tpacca IOBOpayMBaeT BiIeBO. B 3Toil rpade
BBITIUCHIBAIOT BCE JIAHHBIC MPSIMBIX YYacTKOB: JyIMHA U pyMO (muHa 38,30 u pym0O
c3:35°1I"). Jlna KpuBBIX BBINMCHIBAIOTCS BEJIMYMHA YTJa IOBOpPOTA, 3HAUCHHE
paanyca KpyroBoW KpPUBOHM, TaHI€HCA, JIMHBI, OUCCEKTPUCHI U JOMepa.

BrimuceIBaroTCA Tak:Ke MUKETHI HAYala U KOHIIA KPYTOBOM KPUBOM.
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Pucynok 2 - [IpogonsHbIil mpoduie Tpaccel aBBTOMOOMIBHOMN TOPOTH

[MosokeHue TOYEeK HYJIEBBIX PA0OT BBIUUCISAETCS IO (hOpMyiam
dy = [ hy| - d/(] el + [ hal),
dz = hgl - d/(| hel + [ hal),
d=d;+d,
rae d; u d, - pacCTOsSHUS ONpeneNsIoIIre MOJOXKEHHE TOYKH HYJIEBBIX paboT Ha
orpeske d;
hy, hy, - paboume OTMETKH, KOTOpBIE HCIMOJB3YIOTCS B JaHHBIX (GOpMylax Imo

abcomoTHOM BennuuHe. TpeThs popMysia UCTIONb3YETCs B KAUeCTBE KOHTPOJIS.

[IpononbHbIA NPodUIb COMPOBOXKAAETCS HA KOCOropax MOMEpEYHUKAMHU, U
odopmIIsieTcs B I[BETaX: MPOCKTHBIC JAHHBIC - KPACHBIM I[BETOM, TOYKH ITYJIEBBIX

pa60T - CHHHUM, a BCC OCTAJIbHOC - YCPHBLIM LIBETOM.
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JlaGopaTopHuasi padora Ne3. BeprukajibHasi IVIAHMPOBKA

Heab u 3axaun padoThI
[lonyuynTh HaBBIKM MTPOCKTUPOBAHMS HAKJIOHHOW TIUIONIAJKHU; HAy4YUThCSA
BBIYHCIIATh NPOEKTHBIC, pabOuMe OTMETKH, CTPOUTH JIMHUIO HYJEBBIX padoT,
BBIYHCIIATh 00BEMBI 3eMIISTHBIX padOT
Hcnoab3yemble MaTepuaJibl 1 000py10BaHNe
[1nan penbeda MOBEpXHOCTH B TOPUZOHTAIISAX, KATBKYJISITOP, JIMHEHKA.
Hcxoanblie JaHHBbIE

Ncxonanoit mHpopmarmet 11 BEpPTUKAIbHONW TUTAHUPOBKU SBJISETCS IUIAH
HUBEJIMPOBAHUS y4aCTKa MECTHOCTH MO KBajaparaM co CTOpoHOU 20 M (pUCYHOK
1).
Teopernveckue mMoJI0KeHUs

[IpoexkTupyercs HaKJIOHHAs MOBEPXHOCTb CO CJIECAYIOIMMMHU HCXOIHBIMU
nanHbIMH: [IpoexTHass BbicoTa BepmmHbl ['S paBra 100.90 M. YkioH B Ha-
npasieHuu ['5-I'1 paBen — 0,015 = — 15%eo. [IpoektHas Bbicota AS paBna 99,20, a
yKJIoH B HanpasieHun AS5-Al pasen — 0,011= -11%eo.
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Pucynok 1 BepTukaibHasi aHUpOBKa y4acTKa
OnpenesieHue NPOEKTHLIX BHICOT, PA00YMX OTMETOK W JIMHUHU HYJIEBbIX

paodor
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[IpoektHbie yKIIOHBI IO cTBOpaMm 1, 2, 3, 4. 5 oTnuuarorcst Apyr ot apyra u
pPAcCCUMTHIBAIOTCS B KaXXJIOM CJIydae OTIEIbHO Ha OCHOBE YKJIOHOB Oa3WCHBIX
ctBopoB ' u A. Tak, A1t IEPBOTO CTBOPA BHIYUCIISIEM IMPOEKTHBIN YKIOH

Inp= (Hr1 — Ha1) = (99,70-98,32)/60 = 0,023 = 23%eo.

[IpoekTHbIE BBICOTHI PACCUUTHIBAIOTCS CTAHAAPTHBIM CIIOCOOOM, HAIpUMED,
11 BepuimHbl Bl HavanbHas NpOEKTHAask BBICOTA paBHA IPOEKTHOM BBICOTE
BepumHbl ['1 (H%, = 99,70 ™). PaccrosiHue Mexiy pacyeTHBIMH BepIIMHAMH
paBHO 20 M, a IPOEKTHBIN YKJIOH nepBoro crBopa paseH 0,023 mu 23%eo.

Hyp = Hyp + iy D =99,70-0,023 -20 = 99,24 M

Paboure OTMETKHM BBIUHUCISAIOTCS KaK Pa3HOCTh MPOEKTHBIX U (PAKTUUECKUX

BBICOT JJISI KaXKJI0i BEPUIMHBI KBaJApaTa.
hri = Hyp - Hpar = 99.70-98,25 = +1,45 wm.
hg1 = Hyp - Hypawr = 99,24-97,56 = +1,68 M.
h 51 = Hyp - Hypawr = 98,78-97,86 = +0,92 M.
h a1 = Hpp - Hpar = 98,32-98,12 = +0,20 m.

B Hamem npumepe nOpHBENEH NPUMEpP BEPTUKAIBHON IUIAHUPOBKUA C
nepexogoM oT jauHMM (I'1-I'S) ¢ ogHMM YKJIOHOM Ha NPOTHUBOIOJIOKHYIO
napaienbHyo guHuio (Al-AS) ¢ apyrum ykioHom. Bo3moxken Oosiee mpocToi
BAPUAHT TPOEKTUPOBAHUS HAKJIOHHOW IJIOCKOCTH C IOCTOSIHHBIM 3HA4€HUEM
IIPOEKTHOTO YKJIOHA B OJIHOM HalpaBJICHUH.

JIns TpOEKTUPOBAaHUS TOPU3OHTAIBHOW IUIOIIAJKKM B  ONPEACIICHHBIX
IPaHULIAX MOXXET MPUMEHATHCS (opMysa pacuera MPOEKTHOW BBICOTHI, COOT-
BETCTBYIOIAsA OanaHCy 3eMIISIHBIX paloT:

H,, = (X H; +2% H, +3Z H; +4X Hy)/4n,
rae Hi, Hp, Hs, Hy, — OTMETKHM TOYEK, pUHAIIEKAIIUX COOTBETCTBEHHO OJHOMY,
JIBYM, TPEM WM YEThIpeM KBajaparaMm, N-obmiee uucio kBaapatoB. [lomoskeHue
TOYEK HYJIEBBIX pa0OT BBIYUCIISIETCS 110 (hopMyiaM
dy = [ hy| - d/(| hel + [ hal),
dy =1 hgl - d/(| hel + [ hal),

d=d;+dy,
18



rae d; u d, - paccCTOsSHUS ONpeneNsoIIre MOJOKEHHE TOYKH HYJIEBBIX paboT Ha

orpeske d;

hy, h, - paboune oTMETKH, KOTOpBIC HCIOJIB3YIOTCS B JaHHBIX (hopMyliax Mo

a0OcoroTHOM BennunHe. TpeThbst GopMyIia UCTIONB3yeTCsl B KAYeCTBE KOHTPOJIS.
JIuHMs HYJEBBIX PabOT pa3rpaHUYMBACT YYAaCTKH BBICMKHA W HACBHITU U

TI03BOJISIET OIPEACTUTh 00BEMBI 3eMJIISIHBIX paboT (puc.l). Kpome nuHuN HyleBBIX

paboT Ha PUCYHKE MTOKa3aHbl TPOCKTHHIE TOPU3OHTAIIH.

Pacuer 00beM0OB 3eMJISIHBIX PadoT
Pacuet 060beMOB 3eMIIsiHBIX paboT odopmiieH B Tabmule 1.

Tabmuua 1 Beraucinenne o0beMOB 3eMIISHBIX paboT

No Briemka - Hacpmp +
ggig- S |hg V(Mm®) S hep V (v)
1 400 1,32 528
2 4001 1,08 433
3 1,6| -0,02 -0 398,4| 0,57 227
4 1494 -0,18 -27|  250,6/ 0,23 58
5 400 1,06 424
6 400| 0,83 332
7 28| -0,03 -1 3721 042 156
8 400 -0,31 -123
9 400f 0,69 276
10 400 0,69 276
11 123,2| -0,05 -6| 276,8| 0,28 78
12 400 -0,30 -120
=277 2788

OOBeM HACHITIA WM BBIEMKH OIPEACISICTCS OTACIBHO I KKI0N (UTYPHI
o ¢hopmyiie
Vi = F)i ) hcpa

rae P; - miomanp yacTHol Gurypsl, a hy, - ee cpennss pabouyas oTMeTKa.
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3areM yacTHbIE O0BEMBI CYMMHPYIOTCS, KaK 3TO NpHUBEACHO B Tabmuue 1, ams
onpeeneHuss o0ObeMOB BBIEMOK W HACBIIEH ISl BCErO ydacTKa BEPTUKAIBHON

IIAaHUPOBKH.
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JlabopaTtopHasi pa6oTa Ne4. BbIHOC TOYKH C IPOEKTHOM BBICOTOM

Heab u 3a1aun padoThI

N3yunth METOJIMKY BBIHOCA TOUKHM HA 3aJIaHHYIO (MMPOEKTHYI0) BhICOTY. [lomyuuTh
MPAKTUYECKHUE HABBIKY BBIMIOJHEHUS TaHHOW paOOTHI.

HcxoaHble JaHHbIE

VcXoaHBIMU JTaHHBIMH SIBJISIFOTCSI: BBICOTa periepa Hi (M3BECTHas OTMETKA) H
MPOEKTHas BbicoTa Hp, Ha KOTOPYIO HY>KHO BBIHECTH TOUKY (3a/laHHAsI OTMETKA).
Hcnoab3yemoe 060pynoBanue

Husenup, perika.

BoinosiHeHue padoTsbl

JInst BBIHOCA OTMETKHU Ha MPOEKTHYIO BHICOTY Hy HUBEIHP YCTaHABIUBAIOT MEXIY
TOYKaMHU C U3BECTHOM W 3aJIaHHON OTMETKaMHU. B3sB OTCUET & Mo 4YepHOH CTOPOHE
peUKH, CTOSIEd HAa TOYKE C HW3BECTHOM OTMETKOM, IOJCUYMTHIBAIOT TOPHU3OHT

uHCTpyMeHTa (puc.l) :
IN=Hp+a.

Haxonmat mpoekTHBIH oTcdeT b, mpu KOTOpOM peiika BCTaHET Ha 3aJaHHYIO

BEJIMUUHY Hy:

b=I¥-H,.

3amanHas
TOUKa

H, - npoekTHas
OTMETKa

YpOBCHHaSI NOBEPXHOCTH

Puc.1. BeiHOC TOUKM Ha IPOEKTHYIO BBICOTY
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JlBurasi peiiky BBepX WJIM BHU3, €€ CIEIyeT YAepKaTh Ha oTcuere b, u 1o msarke
peiiku Ha cToJ0€ MPOBECTH YEpTy. 3aTeM BPOBEHb C PEUKON 3a0MBaIOT KOJI

Hampuwmep,
Hr=120,300 m; a=1235; Hy=121,000 m

Torma

T =120,300 +1,235 =121,235 ; b =121,235 —121,000 = 0235
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JlaGopaTtopnasi padora NeS. Ilepenaua oTMeTKHM HA JHO KOTJIOBAaHA WJIH HA

MOHTAKHBIH TOPU30HT

Heab u 3agaun padoTbl
N3yuntp mnopsnok paboT mepeaayd OTMETKM Ha JHO KOTJIOBaHAa WJIM Ha
MOHTa)KHBI TOPU3OHT; MOJIYYUTh IPAKTUUECKUE HaBBIKU BEJICHUS TAKUX PadOT
Hcxoanbie faHHbIE
VcXOMHBIMU JAaHHBIMU SIBJISIFOTCS: BbICOTa pernepa Hpp;, PAcloONOKEHHOIO Ha
MOBEPXHOCTH 3€MJIM WM HA HU)KHEM MOHTaKHOM FOPHU30HTE.
HUcnoab3yemoe 00opynoBanme
Hugenup, pelika, pyJieTka, KalabKyJISATOP.
3ananue
1o pe3ynpTaTaM U3MEPEHHI ONIPENEIUTD BBICOTY penepa Hpp:.
ITopsoK BeINOJTHEHUsI padOThI

[Ipu nepengadye OTMETOK B ITyOOKHE KOTJIOBAHBI (TPAHILEH) WIIK HA BEPXHHE
ITaXH 3/IaHUH TIOJIB3YIOTCS HHUBEJIMPAMU U TOJBECHBIMH pyneTkamu (puc. 1, 2).
HaGnrogenust Beayt Ha AByX craHuusx. OTcyeTrsl OepyT Mo pyJieTKe U perKe B

Toukax A u B.

‘[ Y POBCHHAR TORCPXHOCT b

Hpn2

Hpul

Ypoucunar noweprmocrs

Puc.1 Puc.2

Torga nns nepBoro ciyvas (mepegaya OTMETOK B INIyOOKHE KOTJIOBAHBI):
Hpm =Hpm +a—(b—b’)—c’
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a JIUIs BTOPOTo ciiy4as (Imepeaada OTMETOK Ha BEpXHHE MOHTa)KHBIC TOPU30HTHI):
Hpm = Hpm +a+(b—b')—c.
B npouecce nsMepeHui K pyJIeTKE MOJABEIIMBAIOT THPI0 BecoM 10 Kr U OmycKaroT
B BEIPO C BOJOM, IEPEMENIAHHON C ONTUIKAMH.
HaOnronenus sxenateabHO BECTH MPU ABYX MOJIOKEHUSIX TOPU30HTA HHCTPYMEHTA,

coOJI10/1as1 paBEHCTBO PACCTOSHUNA OT HHCTPYMEHTOB 10 PEUKU U PYJIETKU.
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JlaGopaTopHasi padora Ne6. OnpenesieHne BbICOTHI HETOCTYIIHOIO 00beKTa

Heab u 3agaun padoTbl
M3yuuTh METOIAMKY BBIMIOJHEHHUS] PAOOTHI, TOJYYUTh NPAKTUYECKUE HABBIKU
OIPEENICHHS BBICOTHI HEIOCTYITHOIO OOBEKTA.
Hcnoan3yemoe o0opynoBanue
Teomonut, Belika, pyJieTka, KaabKyJIsToOp.
IopsiioK BbINOJIHEHHUS PadOThI
Ha paccrositnuu He Menee 1-2 H o0bekTa pa3duBaroT 0a3uc TOU ke JJIMHBI
(puc. 1). Hsmepenuss Oa3uca BBITIOJHAIOT PYJIETKOM HE MEHee JBYyX pa3 C
oTHOcuTenbHOU ommuOkoil He Oosee 1:2000. T'opusoHTanpHBIE YIIBI £, U 5,
U3MEPSIOT TEOJJOJIUTOM OJIHUM IOJTHBIM MPUEMOM C TIEPECTAHOBKOM TUMOA MEXKTY
nonynpuémamu Ha 90°.
BepTukanbHbie yIiibl U3MEPSIOT MPHU JIBYX MOJOKEHUSIX Kpyra. KonTpoiaem
MPaBUILHOCTH U3MEPEHU CITY>)KUT MOCTOSTHCTBO MecTa Hyst (MO).
I'opuzonTanbHbIE paccTosiHUS d;, U d, BRIYUCISIOT 1O (popMynam:

_ B-sing, d = B-sin S,
Yosin(g+8,) t sin(B+8,)

BricoTy coopyxenust H onpenenstor no Gpopmynam:
H, =d,- (tgvll —tgv;)
H,=d, '(tgvé -tgv,)

Ecnu pacxoaeHne He NpeBBIAET 3-5 CM, TO BBIYUCIISIIOT CPEAHIOI0

H, +H,
BBICOTY COOpY>K€HUA H , = —
N
- /
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Pucynok 1 — CxemMa BBITIOJIHEHHS] ©3MEPEHUI
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