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JlabGopaTopHas padora Ne 1. OnpenesieHne npeBbIIIEHUA 110 CHUMKaM
¢ 3JIeMEeHTaMHM rpagu4ecKkoro TpancGpopmMupoBaHus

1.1. Heas padoThl: ONpeNeIuTh BEIUYMHY IPEBBIICHUS h Mexay AByMs
TOYKaMH TI0 JBYM CHHMMKaM (CTepeomnape), a 3aTeM pacCUuTaTh MPEBBIIIEHUE YXKE C
y4€TOM IUIAHOBOI'O CMEUIEHUSI BTOPOM TOYKH, OOYCIOBJIEHHOTO peiabedom
MECTHOCTH.

1.2. UcxoaHble JaHHBbIE:
BricoTa dororpadupoBanus:

H, =300m+N; (1)

rae N — HoMep CTyZeHTa 110 CIIUCKY
®OKyCHOE pacCTOSIHUE KaMephl:

f=b+N; 2)
rae b — pokycHOe paccTossHUE U3MEPSIETCS TI0O CHUMKY B MM.

1.3. Xoa padoTbi:

1. B 30He mepeKkphITHS CHUMKOB BHIOMpAaeM JIBE XOPOIIO pacro3HaBaEMbIe
TOYKH.

2. U3mepsiem koopAMHATHI x, B x, HA 00OMX CHUMKAX C MOMOIIBIO JTHHEHKU C

MaKCHUMaJIbHOW TOYHOCTBIO 10 MM (puc. 1.1.) X, ; X, ;X5 X,,,.

JIeBbIld CHUMOK [IpaBblii CHUMOK
T
|
|
|
|
x1in : xin
l——— | B Y YS——
|
|
|
afl = ofl nHC bl ofl
|
|
|
x2n .2 : 2 . _X2n
|
|
|
|
|
|
|

Puc. 1.1. 3006pakeHne 371eMEHTOB HAa CHIMKAX.



3. Beruucasem IMPOAOJILHBIC MapaJlyIaKChbl TOYCK.

P =x,-x, ; (3)
P, =x,, =%, ; 4)
4. BeruncisieM pa3HOCTh NapaJljIaKCoB.
aP=P,-P, ; (%)
5. Beruucnsiem npeBsbiiieHre Mexay Toukamu 1 u 2 o popmyre:
aP
=—Hy; (6)
aP+b
rae aP - pa3HOCTH mapaylakcoB TOYEK.
b —6a3uc pororpadupoBanus B Macirade CHUMKOB (puc. 1.2.)
H , - BeicoTa oTorpadupoBaHus.
0, - MPOCKIUSI LIEHTpa
POELUPOBAHUS;
S, - y3/noBas TOYKa OOBEKTUBA
ChEMOYHON KaMepbl HA MECTHOCTH
o, - MPOCKIIUSI LHEeHTpa
IIpOCHUPOBAHUA S,
B - 0asuc ¢otorpadupoBaHus B
MPOCTPAHCTBE
b - 0Oasuc ¢otorpagupoBaHus B

maciirabe CHUMKA

o, - TIIaBHAas TOYKa (Hayajao padoueit

CUCTEMBl KOOPJIHMHAT Ha CHHMKE)
CHUMMKa P,

o, - I'llaBHasd TO4YKa Ha CHUMKC Pn

Puc. 1.2. O6mas cxema aspodoTocreMKu

6. Brruncienue maciraba CHUMKOB.



—-L (7)
TR

m H,

7. PaccunTaeM Iu1aHOBOE CMEUIEHUE JUIsi BTOPOM TOYKM Ha JIEBOM M NPABOM

CHUMKAX W BBIYHCIMM TPEBBIINIEHUE YKe C ero yuérom (Touka | JEKUT B CpeaHen
TIJIOCKOCTH).

BerumcnseM IIaHOBOE CMEIICHHWE TOYKH 2 Ha JICBOM WM IPAaBOM CHUMKAaX,
00ycCIoBIIEHHOE pelibe()OM MECTHOCTH, 10 (hopMyJIe:

h
5, =—
Uy qu I", (8)

rjae h — npesbienue Mexy Toukamu 1 u 2 (11.5)

H ¢ - BbIcOTa (poTorpapupoBaHus

7' - pacCTOSTHUE OT TOYKM Ha CHPUMKE J0 TJaBHOM Tuku O MO paguaibHOMy
HanpsieHuto (puc.1.3) s 1eBoro u npaBoro COOTBETCTBEHHO:

51@1 ZL.rﬂ;5rn ZL.rn.
qu Hd’

C ydeToM 3HaKa NPEBBIIICHHUS BBOAUM MOMPABKY B IUIAHOBOE MOJIOKEHUE
TOYKK BbImciIeHHOe mo (opmyne (7) mo mpaBwiny: mpu + h x mentpy O 1o
paananbHOMY HampaBieHHIO, a pH -h ot nentpa O.

Touka 1 JeXUT B CpellHEW MIOCKOCTH, IO3TOMY IJIAHOBOE MOJIOKEHHUE €€ He
meHsiercd. [locne BBeAeHUs MOMPAaBOK TOYKa 2’ MOJydaeT HOBOE MOJOKEHUE 2, Kak
Ha JIEBOM TaK U Ha IPaBOM CHUMKAX.

[Tocnie 3TOro MOBTOPUTH OMNpeEIEICHUE MPEBBIICHUS YK€ MEXTy Toukamu 1 u 2’

110 BBIIen3I0KeHHoi cxeme. [Ipu atom P, He Mensercs, a P, = X, —X,, (puc.1.3.)



JIeBbIld CHUMOK [IpaBblii CHUMOK

X' Xu P . Xn XU'

ey pp————

N
==

‘

=]

L=

o |
[§%]

Puc. 1.3. Cxema onpezienieHus MJIAHOBBIX CMELIEHU HAa CHUMKAaX

JlaGoparopHuasi pabora Ne 2. PacuéTr mapameTpoB a3podoTochEéMKN

2.1. IHeabp padoTBI: NOPOU3BECTHU PACYET OCHOBHBIX  MApPaMETPOB
a’pooTOChEMKHU: MacuTad, NPOJOJIbHOE U MONEPEYHOE MEepeKphITUsl, 0azuc
dboTtorpadupoBaHus, PACCTOSIHHUE MEXAY CMEXKHBIMA MapIIpyTamH, IIHPHUHA
a’po(OTOCHEMOYHOTO MapIIpyTa B HAType, YUCIO MAapIIPYyTOB, CHUMKOB B
MapuUIpyTe U YUCIO CHUMKOB Ha yYaCTKE.

2.2. Hcxonuble paaHHble: ¢GokycHoe paccrossaue f=84.15MM, BbIcoTa
dororpaduposanus H, =1039m, npessimienne 5 =64m, pasmepbl CHHMKA IO
KoopauHaTam [, x/ =18x18cM, macmrad xaptel mk=25000, mmpuHa ydyacTKa

Dy=5km, qnuna yyactka Dx=31km. (puc. 2.1.)

9 %)
2 Py i
3
TR
17 ¥ -y-l-
7

Puc. 2.1. [IpononeHoe (a) u nmonepedyroe (0) nepekpriTre adpohOTOCHUMKOB



2.3. Xox padoThI:
1. Beruncienue maciitada a3popoToChbEMKH.

1
i ©)

rie — f QokycHoe paccTosiHHE CheMOYHOW Kamepbl, H, - BbicoTa

dhoTtorpadupoBaHus.
2. Beruucienue mpoaoSbHOTO U TOMEPEYHOTO TMEPEKPHITUN BBIYHCIIACTCS TI0
dbopmymnam:

P =50(1+i)+10%
H,

P, =50(1+——)—20%
Hfl?
rac Py - HOHepeque HeperBITI/Ie CHHUMKOB Me)KI[y CHUMKaMH COCCIHUX

MapIIpyToB.
3.Briunciienne 6asuca.
_1,(100—P,)-m
100 ’

P. B (11)

rpe - P, - HOpOAOJbHOC MNEPEKPBITMEC CHHUMKOB MEXKXAY CHHMKaMH OJHOIO

X

MapuipyTa.

4. BelurcneHnue pacCTOSHUA MEXKYy CMEKHBIMUA MapIIpyTamu.

, _LO00—P)-m

T I (12)

rae L, - pacCTOSIHUE MEKIY UEHTPAMH COCETHUX MapILIpPYyTOB.
5. Beruucnenue mupuHbl a3podoTochEMOYHOTO Mapiipyra B Hatype (Lm) u
Ha Kapre(lk).
L,=1-m

L,-m ¢, (13)

m

[ =

K

rjae m, - 3HaMeHaTellb Maciirada KapThbl, m - MacmTad CHHUMKA.



6. Bpruncnenue uucia MapuipyToB N, , CHUMKOB B Mapuipyte N, U yucia

CHHMKOB Ha y4acTKe N .
Hucio MapuipyToB:

v D
J Ly
CHUMKOB B MapuipyTe:
D
N ==
B
CHHMKOB Ha YUYacCTKCE:
Ny = Nw ’ Nc >

JlabopaTtopHasi pad6ora Ne 3. OueHKa KayecTBa JETHO-ChEMOYHBIX padoT

(14)

(15)

(16)

3.1. Heanb padorwi: [IpousBectu OIeHKY KadecTBa JETHO-ChEMOUYHBIX padOT
10 HECKOJILKUM CHUMKAM MapIIpyTa: ONPEACIUTh MACIITa0 CHUMKOB BBITIOJTHEHHOM

CbEMKH; OIPENECIUTh IEPEKPBITHS CHUMKOB B MAapLIpyTeE;

IPSIMOJIMHEWHOCTh MapuipyTa.

3.2. UcxoaHblii JaHHBIE: HECKOJIBKO CHUMKOB MapIIpyTa.

3.3. Xox padothI:

1. Onpenenennie maciTaba CHUMKOB BBITTOJTHEHHON ChEMKH.

ONPENECTUTh HE

Macmrad cHUMKa BBIYUCIISETCS M0 aHAJOTUM ¢ MaciTadoM KapThl (puc. 3.1.)

o ¢opMmyiie:

CHHUMOK

KapTa

_lCH'HM'KFI

-\-.Qﬂp'ﬂﬂ

Puc. 3.1. Onpenenenue 3HameHaTeNs1 MaciiTada CbeMKU



lk

m,, =-—-m

CH
CH

2. OnpeneneHue NEPEeKPbITUI CHUMKOB B MapiipyTe (puc 3.2.).

[TepekpbITHsi CHUMKOB HaxXoaaTCs 1Mo (GopMyIie:

_al,

P

X

-100%,

X

TI€ al - BEIWYHMHA NEPEKPBITHS B MM.
[ - pa3Mep CHUMKaA.

Pe3ynbTarhl nepekprITUii IpUBeIeHbI B Ta0I. 1

lx

Alx

Puc. 3.2. Onpenenenrie nepekpbITUi CHUMKOB

PesynbTarsl BEIYKACIEHUM

(17)

(18)

Tabmura 1

Ne cHUMKOB P.%
4842 78
4843
4843 73,8
4844
4844 73,9
4845
4845 71,1
4846
4846 75,6

48447

4847 72,2
4848

4848 73,8
4849

4849 71,6
4850

4850 75
4851




3. Onpenenenue He MPSIMOJIMHEHHOCTH MapIIpyTa.

OnpeneneHne HE MPAMOJMHEHHOCTH MapHIpyTa CHEMKH 3aKIOYacTCs B
OTpeeNIeHUN MaKCUMaJIbHOTO OTKJIOHCHUS TJIAaBHOW TOYKHU OT JIMHWUW HAaIPaBJICHUS
cweMku (JIHC) (puc3.3.) onpenensercs no ¢popmyie:

A%%'IOO%SS%, (19)

raie d — MakcumanbHOE OTKJIOHEeHHe, D — paccrosiHue Mexay TIaBHBIMU
TOYKaMH Mapuipyta. Jlomyctumoe oTKIoHeEHUE — 5 %.

JIHC

:
|
|
|

a1
|
|
|
|
|
|

Puc. 3.3. Onpexnenenve He TPSAMOJIMHEHHOCTH MapuIpyTa

JlaGopaTopHas padora Ne 4. /lemunpupoBanne CHUMKOB

4.1. Heabp paborei: Ilpomssectu nemudppupoBaHHE CHUMKOB, U IO
pe3ysipTaTam AemuppUpOBaHUs COCTABUTh IJIAH.

4.2. UcxoaHnble JaHHbIe: CHUMKH (puc. 4.1.), cTepeocKon, YCIOBHbIE 3HAKU.

4.3. Xoa pab6orbi: /[lemudpupoBaHue CHUMKOB — 3TO paclo3HaBaHUE
00BEKTOB MECTHOCTH C OJIHOBPEMEHHBIM OMPEICIICHHEM HUX KOJIUYECTBEHHBIX U
KAUeCTBEHHBIX XapaKTEPUCTHUK IO UX H300pakeHUI0 Ha CHUMKax. KamepanbHoe
nemu(ppUPOBAHUEC BBIIOTHSAETCS MO MPSMBIM U KOCBEHHBIM Tpu3HakaMm. K mpsiMbiM
OTHOCSITCS: TOH, TE€Hb, pa3Mepbl, CTPyKTypa U T. 1. KocBeHHble mNpHU3HAKU
0OyCIJIOBJIEHbI B3aMMOJIEUCTBUEM OJHOTO OOBEKTa Ha JIPYroul, B3aWMOCBS3bIO.
PesynbTaTel nemmdpupoBaHus SIBISIOTCS MCXOJIHBIM MaTepualioM JJii OOHOBJICHUS
TonorpauYeCcKrX MIaHOB, KapT (puc. 4.2.).

10



Puc. 4.1. CHUMOK MECTHOCTH.

~

Q

%
2
-

1:3000
Puc. 4.2. I1nan MecTHOCTH, COCTaBJICHHBIN M0 pe3yJibTaTaM JeIHUPPUPOBAHUS.

11



JlaGoparopHasi pabora Ne 5. PucoBka pesnbeda noa crepeocKonom

5.1. leas padoThi:

BriOpaTh 1o omnpeaeneHHOMY MPaBWiy TOYKHM HAa CHUMKAX CTEPEOIaphbl B 30HE
nepekpeITrsi. BoimomanTh PoTorpamMmerpudeckoe HUBEIHpoBaHue. [1o momydeHHBIM
OTMETKaM METOJIOM HHTEPIOIUPOBAHUS C BHIOPAHHON BBICOTOM CEUEHUs MPOBECTH
ropusoHTagn. OPopMHUTH IJIaH.

5.2. UcxoaHble TaHHBIE:
Crepeomapa CTEpEOCKOIL.

5.3. Xoa pab6orhbi:

1.ITomyuuTs cTepeonapy.

2.C moMo1IbI0 CTEPEOCKOoNa MOCTPOUTh CTEPEOMOIETb.

3.1M3yunth ydactok paboT. HameTuTh CTpyKTypupoBaHHE JIMHUU. BnIOpaTh
XapaKTEPHbIE TOUKH.

4.ChopmupoBaTh HUBEJIUPHBIE XOJIBI.

5.BeimonuTh (hoTOrpaMMETpUYECKOEe HUBEIMpPOBAaHUE. Pe3ynbTaThl 3aHECTH B
Ta0uILy.

6.BpinmoHuTh 00pabOTKY XKypHajla HUBETUPOBAHMUS.

[IpeBbItieHns BEIYUCTATH IO (OpMYIIE:

AP
- . H
AP+b (20)
rae AP - pasnocts napannakcos Touek
b - 6asuc pororpadupoBanus B Macradbe CbeMKU
Hesi3ky Haxoaum 1o ¢hopmyie:
ﬁtzzhebm’ (21)

[Tpu oprann3anuy HUBEJIUPHBIX XOA0B MPEANOUTUTEIbHBI 3AMKHYTHIC.
[Tpumep 0OpabOTKHU npuBEEH B Ta0M. 2.

12



TabOmura 2

KypHuan ¢pororpamMmmeTpuiecKkoro HUBEITUPOBAHUS

Ne Koopnunats! x P,mMm | APMm | b, |[HyMm hm 1,MM hucn H.,
TOYKH| JIMMm ITvMm MM

1 23 -46 69 5.5 |71,5|1200 85.71 0.1 85.81 114.00
2 31 -43.5 74.5 -1.5 -24.66 0.1 -24.56 199,81
3 35 -38 73 0 0 0.1 0.1 175,25
4 40 -33 73 1 16.55 0.1 16.65 175,35
5 49,5 -24.5 74 0.5 8.33 0.1 8.43 192,00
6 52 -22.5 74.5 -2.5 40.54 0.1 40.64 200,43
7 62 -10 72 -0.5 -8.33 0.1 -8.23 159,99
8 72 0.5 71.5 0 0 0.05 0.05 151,76
9 84 8.5 71.5 1 16.55 0.1 16.65 151,81
10 70,5 -2 72.5 -1 -16.55 0.1 -16.45 168,46
11 60.5 -11 71.5 0 0 0.1 0.1 152,01
12 46 -25.5 71.5 1 16.55 0.1 16.65 152,11
13 61 -11.5 72.5 -0.5 -8.33 0.1 -8.23 168,76
14 64 -8 72 -0.5 -8.33 0.1 -8.23 160,53
15 64.5 -7 71.5 1 16.55 0.1 16.65 152,30
16 61 -11.5 72.5 0.5 8.33 0.1 8.43 168,95
17 48 -25 73 0 0 0.1 0.1 177,38
18 30.5 -42.5 73 -4 -63.58 0.1 -63.48 177,48
1 23 -46 69 >h=-1,75 >h=0 114,00

7. BpiOpaThb BBICOTY CeYeHHS pelibepa W METOJOM HHTEPIIATUPOBAHUS
MIPOBECTH TOPHU30HTAIIH.
8. OdopmuTh miaH.

JlabopaTopHas padora Ne 6. KannopoBka ¢cbéMOUYHOM KaMepbl COTOBOT0
TesedoHa

6.1. Ileap padoTBI: oONpeaencHUe 3HAYCHHM JJIEMEHTOB BHYTPEHHETO
OpUEHTHPOBaHUS KaMepbl (PoKycHOe paccTosiHuUE f)

6.2. UcxoaHble JaHHBbIE: COTOBBIN TeNedOH, TUIOCKHUIA TeCT-00bEKT.

6.3. Xox padoThi:

KanuOpoBka ¢ moMoIIp0 TeCT-00beKTa OCHOBaHA Ha BHIYMCICHUH TTapaMeTPOB
KaJIMOPOBKH IO PE3ybTaTaM U3MEPECHUH KOOPAMHAT TOUYEK CHUMKOB TECT-OOBEKTA.
TecT-00BEKT TpeAcTaBIsIeT COOOW CIENUaTbHbI O0BEKT C MHOXKECTBOM TOYEK C
W3BECTHBIMH KOOPJMHATAMHU.

1)  BBIOpaTh TECT-OOBEKT

B kxadecTBe muiockoro tect-o0beKkTa BhIOpaHa J0cKa.

N3mepsiem nivHbI CTOPOH TOCKH L; (puc. 6.1.).

13



L7

L3
L2

\\J

Puc. 6.1. Cxema kanuOpOBKU CbE€MOYHON KaMepbl

2)  Ha IITaTUBE YCTAHOBUTH KaMEPy COTOBOIO Tele(oHa.
N3meputs paccrosiaue D OT IIEHTpa TECT-00bEKTHRA JI0 IJIOCKOCTH 00BEKTHBA
COTOBOTO TeJie()OHA B MM.
3) caenatb Goro TecT-00bpekTa. Ha momydeHHOM n300pakeHNu ¢ TOMOIIBIO
U3MEPUTEIIS U MacIITAOHOW JIMHEWKH H3MEPUTh COOTBETCTBYIOIINE PACCTOSHHUS.

4) BBIYUCJICHUE YaCTHBIX MacIITaboB

1_r (22)

Cpennuii macmTa0:

1 1
m,, - Zmn /47 (23)
5) BBIUMCIIATH POKYCHOE PACCTOSHUE KaMephl 10 hopmyJie:
D
F=2
m (24)

6)  BBIYMCIICHHE pa3Mepa TeCT-00bEeKTa M0 CHUMKY, MOJyYeHHOMY KaMepoii
COTOBOTO TeJe(oHa.

HaBoaum xamepy Ha BBIOpAaHHBIM OOBEKT U JIeJaeM CHUMOK. 3Hasi (pOKycCHOE
paccTosiHue KaMephbl ¥ ITUHY 00beKTa Ha CHUMKE, BBIYUCIIIEM KaKoW pa3Mep J0JIKEH
uMeTh 00BeKT. B Hamem cinydae onpesensiach mupunaa asepu mkada. C momMomso
PYJETKM OnpejesseM IMMPHUHY JBepH IKada L, U CPAaBHUBAEM C BHEIYHUCIECHHOMU II0

bopmyre:

14



L, =1L, -m (24)

rJe m — 3HaMeHaTelbp Macirrada
OneHka TOYHOCTH
al=L —L

6bIY pax >

(24)

JlabopaTopHas padora Ne 7. [IpoBeaeHue JMHUM 32ITaHHOTO YKJIOHA

7.1. lleas padoThI:

N3 ucxoTHOM TOYKU MPOBECTH JIMHHUM 33JJAaHHOTO YKJIOHA Ly, .

7.2. UcxoaHbIe JaHHbIE:

1) crepeomnapa;

2) BoicoTta (hoTorpadupoBanus He = 300 Mm;
3) paccrosinue mexay Toukamu d = 100 m;

4)3a1aHHBINA YKIIOH L40 =0.16M (110 BApUAHTY);

5) 6a3zuc ororpadupoBanus b B macitade CheMKH;
6) poxycHoe pacctosinue f=100mm.

7.3. Xoa paéoThi:

1) moiyuyeHue crepeonapsi;

2) MOCTPOECHUE CTEPEOMO/IEIH;

3) BocTaHOBJIEHHE paboyeil cucTeMbl KOOPIMHAT CHUMKOB;

4)BpIOpaTh OJHY WCXOJHYIO TOYKY Ha CHUMKAaxX CTepeonapbl B 30HE
MEPEKPHITHUS;

5) Haiitu 6a3uc b cheMku B MaciTabe CHUMKA;

6) U3MEpUTh KOOPAUHATY X TOYKU | Ha JIEBOM U MPABOM CHUMKAX CTEPEOIAPbI
B BOCCTAHOBJICHHOU pabouel cucteMe KOOpIMHAT CHUMKA.

7) BBIUMCIIUTE TIapasiakc Touku 1 P, mo gopmyie:

Pl :(xljz _'xln)a (25)
8) mo dopmyie:
b-i_ -d
AP - _ 3a0
6blY l-gao .d —H¢ ) (26)

15



Bpruuciauth pa3HOCTh MapajuiakCoOB MEXIY MCXOAHOM TOUYKOM | W TOuko# 2,
KOTOPYIO HEOOXOAMMO HaWTU Ha CHUMKaX.

9) m3BecTHO, uTo AP = P, — P, (npwm usBectHbXx AP, n P, Haxomum)

P, .=aP_ +P., (27)

26b1y 8blY

10) BwIpe3aTh U3 Oymaru JBa Kpyxka paauycom d B maciradbe CHUMKa

1
= 28

f

11) 1eHTpBI KPY)KKOB COBMECTUTh C TOYKOM | Ha JIEBOM M IIPaBOM CHHUMKaX
Y IpUKIEuTsh (puc 7.1.).

12) nanee, Ha Kpasx KPY)KKOB HaXOJUM TOUYKY 2, COCIMHHUB KOTOPYIO C

TOYKOW 1 MOMyYUM JIMHHUIO 33aJIaHHOTO YKJIOHA. [[ns aToro Oepem no0Oyi0 TOUKY 2,

U3MEpPSEM €€ KOOPIAMHATHI x, U X,, W BBIYUCIISIEM P

2uzm

=Xy, Xy,

CpaBuuBaem ero c¢ P, .Ecin oHu paBHbl, TO BbIOpaHHas Touka Oyner

8blY

uckoMor. Ecmmu He paBHBI, TO HEOOXOIWMO B3SITh HOBYIO TOYKY W T. J. [0

BBIIIOJIHCHUS PABCHCTBA.! P2 =P

usm 2661y *

N
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™

N
\.

Y Y
Puc. 7.1. IIpoBeneHre TMHUM 33JaHHOTO YKJIOHA

13) coenuHuB 3Ty TOUYKY € TOUKOM | M MOJy4UTCA JIMHUA 3aJaHHOTO YKJIOHA.
IIpu sTOM HAjO y4YUTHIBaTh, YTO JJISl PEUIEHMs] TOM 3aJauM HeoOXoauMo Opathb
TpaHC(POPMUPOBAHHBIE CHUMKH.
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