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BBEJIEHUE

Kypc "®ortorpammerpusa" wusydaeTcs CTYJCHTAaMH-3a0YHHKAMHU C 1I€JIbIO
OCBOEHUSl TEOPETHMUECKUX OCHOB M MNPUOOPETEHUs MPAKTUYECKUX HABBIKOB I10
UCIOJB30BAaHUIO  METOJOB M TEXHUYECKHX  CPEICTB  (OTOrpaMMETpUU
IPUMEHUTENBHO K IMOJIyYEHUIO TOIOrpapuueckoid MH(OpMALMU O MECTHOCTU U K
PELICHUIO Pa3HOOOPA3HBIX HE TONOrpaUUECKUX 3a1a4.

CornmacHo  y4eOHOMY  IUIaHY  CTYACHTBI-3a0YHUKHM  CHELMAIBHOCTEU
"mpukianHas reone3us’, "Topoackoil kagactp" u "kaptorpadus" ITOIKHBI U3YUUTh
TEOPETHYECKYIO YaCTh JTUCHUILIMHBI "doTorpammerpus', BBIIOJHUTH KOHTPOJIBHYIO
U KypCOBYIO paOOTHI.

KonTposbHy10 padoTy CTyACHTBI BBIIIOJIHIIOT CAMOCTOSATEIBHO A0 NPUOBITHS
B By3 Ha CECCHIO U TPUCHUIAIOT €€ B JeKaHAT Ha MPOBEpKYy. UTOOBI BBHIMOIHUTH
3aJlaHds KOHTPOJIbHOW pabOThl, HEOOXOAMMO H3YYUTh TEOPETUYECKHE pa3JIeibl
JTAHHOT'O0 METOJIMYECKOTO MOCOOMS M pEKOMEHIALIMHU IO BBHIIOJHEHUIO 3TUX 3aJaHUM.

3aKpeIuICeHHE TEOPETUYECKOr0 Kypca M OCBOCHHE IPAKTHYECKUX HABBIKOB
(doTorpaMmMeTpuyeCcKOil 0OpabOTKM CHUMKOB CTYJI€HTHI BBIIIOJIHAIOT B By3€ BO BpeMs
71a00paTOpHO-3K3aMEHAIIMOHHON ceccur. B mepuoa ceccum cTy1eHThI BBINOIHSIOT U
3aIMIIAI0T KyPcOBYIO padoTty. IlosokuTeNnbHbIE Pe3ysbTaThl 3allUThl KYypPCOBOM
pabOThI OLIEHUBAIOTCS 3aYETOM.

[Tpy NONOKUTENBHBIX OLIEHKaX KOHTPOJBHOM U KypCOBOM pabOT CTYAEHTHI
JOMYCKAIOTCA K c/laye IK3aMeHa.



PABOYAS ITIPOT'PAMMA
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HEJb U 3AJAYU TUCIIUTTJINHBI

Llenpr0 MUCHMIUIMHBI SBISETCS U3y4eHUE Teopuu (HOTOrpaMMETPUH, METOIOB
U TEXHOJOTUU TONy4eHHUS U (HOTOrpaMMETPHUECKOW OOpabOTKH a’dpPOKOCMHUYECKHUX
CHUMKOB JIJI CO3/JaHHS W OOHOBJICHHSI TOTOTPAPUYECKUX W KaJAaCTPOBBIX KapT U
JIPYTUX JOKYMEHTOB O MECTHOCTH.

3agauv AUCUUIUIMHBI - TPUOOpPETEHHE CTYyJACHTAMHU 3HAHUW M HaBBIKOB,
JOCTAaTOYHBIX IS TUTAHUPOBAHUA KOMILIEKCa paboT 1o (HOoTOorpaMMETpHUIECKOM
00pab0TKEe CHUMKOB, MOJYYa€MbIX a3POKOCMUYECKUMU U HA3€MHBIMU ChEMOYHBIMU
CUCTEMAMHU.

TPEBOBAHMUS K YPOBHIO OCBOEHUSA COAEP KAHUSA
AN CIUITJINHBI

N3yunBmme aucuurmmnay «d®otorpamMmMeTpusd JOJKHBI 3HATH:

- TEOPETUUECKHE OCHOBBI ()OTOTPAMMETPHH;

- METOJIbl U CHUCTEMBI, UCIIOJIb3yeMbI€ NMPHU (HOTOrpaMMETPUIECKO 00paboTke
CHUMKOB;

- TEXHOJIOTUM CO3/IaHUsI 1 OOHOBJICHUS TONMOTpaPUUECKUX KapT U IJIAHOB.

N3yunBmme aucuurmmmay "dotorpammerpus’ JOJDKHBI YMETH:

- 00OCHOBaTh  BapuUaHThl  TEXHOJOTUM  CO3JaHUS W  OOHOBJICHUS
Tonorpauyeckux M KaJaCTPOBBIX KapT M IUIAHOB (DOTOrpaMMETPUUECKUMU
METOJIaMU;

- BBITIOJIHSTH BECh KOMIUIEKC (POTOTPAaMMETPUUECKUX PabdoT.

COAEPKAHUE JUCIHUIIJINHBI
Bsenenne

doTtorpamMMmeTpus U 00J1aCTH € TPUMEHEHHUSI.

Kpatkuit 0030p ucropum Qororpammerpun. Poib pOCCHUCKHX YYEHBIX U
WHXEHEPOB B pa3BUTUHU (OTOTPAMMETPHH.

I'eomeTpuYecKkue CBOICTBA A3POKOCMUYECKUX U HA3eMHbIX CHUMKOB,

MOJIy4aeMbIX KaJIPOBbIMH U CKAHEPHBIMH CbéMOYHBIMH CHCTEMAMM

[TpyHIMIIBI TOCTPOCHUST M300PAKEHUN CHUMAEMbIX OOBEKTOB KaJPOBBIMH U
CKaHEPHBIMU CBHEMOYHBIMH CHUCTEMaMH. [ €OMETpUYECKHE CBOMCTBA CHUMKOB,
MOJTy4aeMbIX KaJIpPOBBIMH M CKAaHEPHBIMU CHEMOYHBIMU CHCTeMaMHu. MeTo bl
MOJTYYEHHUsI CTEpeorap KaJApOBbIX U CKAHEPHBIX CHUMKOB.

Teopusi 0AUHOYHOTO KAZPOBOI0 CHUMKA

CucrteMbl KOOpAMHAT KaJIPOBOTO CHUMKA M O0OBEKTa ChEMKH, IPUMEHSIEMBbIC B
dboTorpammeTpur. DJIEMEHTHl BHYTPEHHETO W  BHEIIHETO OPUCHTUPOBAHUS
KaJIpOBOTO CHUMKA. MeToabl U (DOTOTpaMMETPUIECKUE CUCTEMbI, IPUMEHSIEMBIC IS
U3MEPEHUSI KOOPJMHAT TOYEK HA AHAJOTOBBIX M ITU(MPOBBIX OJAMHOYHBIX CHUMKAaX.
[IpeoOpazoBanue AHAJIOTOBBIX CHUMKOB B 1 HpoBYIO bopmy.
dortorpammerprudeckue ckaHepbl. CHCTEMBI KOOPAWHAT HU(PPOBBIX H300paKCHHM.



BHyTpeHHEE OpPUEHTHUPOBAHHME KaJPOBBIX CHUMKOB. Y4YE€T CHCTEMAaTHYECKHUX
MOTPENTHOCTEN CHUMKA M3-3a JUCTOPCUU 00BEKTHBA, AedopManiuud GporomaTepraia u
pedpakimu atMochepsl IPU BBHIMOIHEHUH MPOIecca BHYTPEHHETO OPUEHTUPOBAHMUS.
@opMyJbl CBSI3M KOOPJMHAT COOTBETCTBEHHBIX TOYEK CHHMKA M MECTHOCTH.
@opMyJibl  CBSI3M  KOOPJIHMHAT COOTBETCTBEHHBIX TOYEK HAa HAKIOHHOM H
TOPU30HTAJIBHOM CHHMKAaX, MOJYYEHHBIX M3 OJIHOM TOYKH (oTOrpadupoBaHUs.
BnusHue norpemHocTel BBICOT TOYEK OOBEKTa HA TOYHOCTH OIPEACNICHUS UX
IUTAHOBBIX KOOPJAWHAT MO OJAMHOYHOMY CHHMKY. MacmitaObl cHuMKa. Onpenenenue
AJIEMEHTOB OPUEHTUPOBAHMS CHUMKA 1O OMTOPHBIM TOYKaM.
Teopusi napbl KaApOBBIX CHUMKOB
bunokynsprHoe 3peHue. MeTOapl CTEPEOCKONMMYECKOTO0 HAOMIOACHUA U
U3MEpPEHHsS] aHaJOrOBBIX W IMQPPOBBIX CHUMKOB. KoopauHaTel W mMapaiakchl
COOTBETCTBEHHBIX TOUEK HA cTepeonape CHUMKOB. DopMyIibl CBSA3H KOOPAUHAT TOYEK
MECTHOCTH M KOOpPJMHAT UX HW300paXEHH Ha Tmape KaJpOBbIX CHUMKOB.
Onpenenenne KOOpAMHAT TOYEK MECTHOCTH IO ape CHUMKOB METOJOM JBOWHOMN
oOpaTtHOil (HOTOrpaMMETPUUECKON 3aceukd. YCIJIOBHE, YPaBHEHUS U 3JIEMEHTHI
B3aMMHOTO OpPUEHTHUPOBAHUS CHHUMKOB. OmpenelieHHe 3JIEMEHTOB B3aUMHOIO
opueHtupoBanus. Iloctpoenue  ¢dotorpammerpuueckoi  Monenu.  Breminee
OPUEHTHpPOBaHHE  (POTOrPaMMETPUUYECKON  MOJENH.  DJIEMEHThl  BHEIIHEro
OpUEHTUpPOBaHUs Mojenu. OmpeneneHue 3JIEMEHTOB BHEIIHETO OPUEHTUPOBAHUS
MOJIEIM U BJEMEHTOB BHEIIHErO0 OPUEHTHUPOBAHMS Mapbl CHUMKOB IO OIMNOPHBIM
TO4YKaM. TOYHOCTB OMNpEAeNeHHs] KOOPAUHAT TOYEK MECTHOCTH IO Hape KaJpOBbIX
CHUMKOB.
Crepeodororpammerpuyeckne CUCTEMbI
Ha3nauenue u kinaccuukanus crepeopoTorpaMMETPUIECKUX CUCTEM.
Hudposbie 1 aHATUTUYECKHUE CTEPEOPOTOrPAMMETPUUYECKHUE CUCTEMBI.
[IpuHIUTIBI aBTOMATHYECKOW WACHTH(PUKAIMU COOTBETCTBEHHBIX TOYEK Ha
cTepeornape CHUMKOB Ha HU(POBBIX CTEPe0(hOTOrpaMMETPUUECKUX CUCTEMAX.
ANTOpPUTMBI U METOABI BBIIIOJTHEHUS MPOIECCOB BHYTPEHHETO U B3aMMHOTO
OpPUEHTUPOBAHUS KaJPOBBIX CHUMKOB, MOCTPOCHHS W BHEIIHETO OPUEHTUPOBAHUS
dhoTorpaMMETPUIECKOM MOJIETH Ha (P poBHIX u AHAIUTUYECKUX
cTepeoPOTOrpaMMETPUIECKUX CUCTEMAX.
[Toctpoenne  1tudpoBeIX  Mozenel  penbeda W KOHTYpOB  Ha
cTepeooTorpaMMeTpUIECKUX CUCTEMaX.
TpauchopmupoBaHmne KaapoOBbIX CHUMKOB
Haznauennie u Metoasl TpaHcopmupoBaHusi cHUMKOB. Lludposoe
TpaHC(HOPMHUPOBAHUE CHUMKOB B OPTOTOHAJBHYIO MPOEKIUIO U B MPOEKIIMIO KAPTHI.
Coznanue (HOTOMIIAaHOB MO MEpeKpbIBAOIIUMCS CHUMKaM. OleHKa TOYHOCTU
TpaHC(HOPMHUPOBAHHBIX U300PAKEHHI.
IIpocTpancTBeHHast GOTOTPUAHTYJISIIAS
Haznauenue 51 KJIacCU(UKAITHS METOJI0B MPOCTPAHCTBEHHOU
doToTpuanrynsaiuu. Teopuss MapmIpyTHOW ©  OJIOYHOW  MPOCTPAHCTBEHHOU
dboToTpuaHTyIsIIMA. MeEToNbl HMCKIIOYEHUS CHUCTEMAaTHUYECKHX IOTPEUTHOCTEH
CHUMKA TpPHU TMOCTPOCHHM TPOCTPAHCTBEHHON (oToTpHanrymsiuuu. OcoOeHHOCTH



MOCTPOCHHUS CeTEH MPOCTPAHCTBEHHOW (POTOTPUAHTYISIIMM C HCIIOJIb30BAHUEM
3HAUYEHUW JIMHEWHBIX M  YIJIOBBIX JJEMEHTOB BHEIIHEIO0 OPUEHTHUPOBAHMS,
OTpEJICICHHBIX B TOJIETE C MOMOUIbI0 HHepuuainbHbiX U GPS cucrem. TodyHOCTB
MPOCTPAHCTBEHHON  (oTOTpUaHrydsauuu. TEeXHONOTMU  TMOCTPOEHHUS  CeTel
MPOCTPAHCTBEHHOMN (POTOTPUAHTYJISIIUH.

Ha3zemuas pororpammerpust

doTtorpaMMeTpuyecKue U HU(PpPOBbIE CHEMOYHBIE KaMephl, TP MEHSIEMBbIC B
HazeMHOM (doTtorpammerpun. DoTorpammeTpuyeckas KaauOpoBKa ChEMOUYHBIX
Kamep.

OcHoBHble cnyyan crepeodoTorpaMmerpuueckoil cbhéMkH. OcoOeHHOCTH
dotorpammeTpuyeckoil 00pabOTKM OAMHOYHBIX M CTEpeonap HAa3eMHBIX CHUMKOB.
Hcrnonb30BaHWE W3BECTHBIX 3HAYEHUN 3JIEMEHTOB BHEIIHEIO OPHEHTHPOBAHHS H
IPYTUX OINOPHBIX JAHHBIX MpU (POTOrPAMMETPUYECKON 00pabOTKE HA3EMHBIX
CHUMKOB.

TounocTs  HazemHOUM  cTepeodoTorpammerpudeckoit  chémku.  Bribop
ONTUMAJbHBIX TAPAMETPOB HA3EMHON CTEPEOPOTOrpaMMETPUUECKON CHEMKH.

dororpamMmeTpudeckiue U crepeooTOrpaMMETPUUECKUE METOAbl HAa3eMHOU
CbEMKH CTATUYECKUX U JUHAMUYECKUX OOBEKTOB.

TpexMepHbple Ja3epHblE CKaHEpPbl W MX IPUMEHEHHE B  HA3eMHOMU
¢ororpammerpun. [lpuHimn GopMupoBaHHUS AUCKPETHOM TPEXMEPHOH MOJAEIU
00BEKTa CHEMKHM TPEXMEPHBIM JIA3€pHBIM CKaHEepoM. BHeliHee OpHEHTHpPOBAaHHE
TPEXMEPHOH MOJEIM MO OHNOpHBIM ToukaM. OObEeIUHEHWE U  BHEIIHEEe
OPUEHTUPOBAHUE OTHENIBbHBIX JMCKPETHBIX MOJEIEH B OOIIYI0 MOJEIb OOBEKTA.
Coznanue nudpoBbix Mojenen penbeda u MUGPOBLIX BEKTOPHBIX MoJieNield 00beKTa
0 MaTepuajaM TpPEXMEpPHOro Jia3epHOro ckaHupoBanus. KomOuHHMpoBaHHas
doTorpammerpuueckas ~ 00pabOTKa  MaTepualioB  TPEXMEPHOIO  JIa3€PHOIO
CKaHUpOBaHUs U hoTorpadudeckoit ChEMKU 00bEKTA.

[Ipumenenne MeTONOB HazeMHOM  QororpamMmmerpud B Tomorpaduw,
IIPOMBINUIEHHOCTH, ApXUTEKTYPE U CTPOUTEIILCTBE.

doTorpammeTpudeckasi 00padoTKa OJUHOYHBIX M CTepeomnap
A3POKOCMHUYECKHX CKAHEPHBIX CHUMKOB

Knaccudukanus aspoKOCMHUUECKUX CKaHEPHBIX ChEMOYHBIX CHCTEM.

CucreMbl KOOPIMHAT CKAaHEPHBIX CHEMOYHBIX CHCTEM: ONTHUKO-MEXaHUYECKHUX
U ONTHUKO-DJIEKTPOHHBIX CKAaHEPOB, JIa3epHO-JOKAIMOHHBIX CBEMOYHBIX CHCTEM.
DNEeMEHThl BHEIIHErO0 OPUEHTHUPOBAHMS CKAHEPHBIX ChEMOYHBIX cuUcTeM. CHUCTEMbI
KOOPJIMHAT CKAHEPHBIX CHUMKOB.

Meroasl  (oTorpammerpudeckoii 00pabOTKM OJWHOYHBIX M  CTEpeorap
CKaHEPHBIX CHUMKOB.

Ocobennoctu udpoBoro TpaHcHOPMUPOBAHUS CKAHEPHBIX CHUMKOB.
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HEJb U 3AJJAYU JTUCIIUITJINHBI

[{enpr0 MUCIMIUIMHEI SBIISAETCS U3YYCHUE TEOpHH (HOTOTPAMMETPHH, METOIOB
U TEXHOJOTUH TONy4eHHUS M (OTOrpaMMETPHUECKOW 0OpabOTKH a’dpPOKOCMHUYECKHUX
CHUMKOB JIJIS CO3JaHHS W OOHOBJICHHSI TOTOTPAPUYECKUX W KaZaCTPOBBIX KapT U
JIPYTUX JOKYMEHTOB O MECTHOCTH.

3agaul JUCUUIUIMHBI - TPUOOpPETEHHE CTyJACHTAaMHU 3HAHUNW U HaBBIKOB,
JIOCTAaTOYHBIX I TUIAHUPOBAHUSA KOMILIEKca paboT 1o (oTorpaMMeTprUuecKoi
00paboTKe CHUMKOB MOJIy4a€MbIX a3POKOCMUYECKUMH U ChEMOYHBIMU CUCTEMAMH.

TPEBOBAHMUS K YPOBHIO OCBOEHUSA COAEP KAHUSA
JANCIUITJINHBI

M3yunBmme  gucuuminHy — «@DotorpamMMeTrpuss M IUCTAaHIMOHHOE
30HJINPOBAHKUE TEPPUTOPUI» TOJKHBI 3HATH:

- TEOPETHUYECKHE OCHOBBI ()OTOTPAMMETPHH;

- METOJbl U CHUCTEMBI, UCIIOJIb3yEMbIE MPU (HOTOrpaMMETPUIECKOl 00paboTKe
CHUMKOB;

- TEXHOJIOTUM CO3/IaHUsI U OOHOBJICHUS TONMOTpaPUUIECKUX KapT U MJIAHOB,

N3yunBmme gucuurmummny "dotorpammMerpusa’ JOKHBI YMETh:

- 0o0OCHOBaTh  BapuUaHThl TEXHOJOTUM  CO3JaHUA U  OOHOBJICHUS
Tonorpauyeckux M KaJaCTPOBBIX KapT M IUIAHOB (DOTOrpaMMETPUYECKUMU
METOJaMU;

- BBITIOJTHATH BECh KOMITJIEKC (DOTOTpaMMETPUIECKUX padoT.

COAEPKAHUE JUCIHUIIJINHBI
Bsenenne

doTtorpamMMmeTpus U 00JIaCTH €€ MPUMEHEHHUSI.

Kpatkuit 0030p ucropuu Qororpammerpuu. Posib pOCCHUCKHX YYEHBIX U
WHXEHEPOB B pa3BUTUU (OTOTPAMMETPHH.

I'eomeTpuyeckue CBOMCTBA AIPOKOCMUYECKUX U HA3€MHBIX CHUMKOB,

MOJIy4aeMbIX KaJIPOBbIMH U CKAHEPHBIMH ChEMOYHBIMH CUCTEMAMM

[TpyuHIMIBI TOCTPOCHUST U300PAKEHUN CHUMAEeMbIX OOBEKTOB KaJAPOBBIMU U
CKaHEPHbBIMU CBHEMOYHBIMH CHUCTEMaMH. [ €OMETpUYECKHE CBOMCTBA CHUMKOB,
MOJTy4aeMbIX KaJIpPOBBIMH M CKAaHEPHBIMU CHEMOYHBIMU CHUCTeMaMHu. MeTo bl
MOJTYYEHHUsI CTEpeorap KaApOBbIX U CKAHEPHBIX CHUMKOB.

Teopusi 0AUHOYHOT0 KAIPOBOr0 CHUMKA

Cucrembl KOOpJIMHAT KaIPOBOTO CHUMKA U 00BEKTa ChEMKHU, TPUMEHSIEMBIE B
dboTorpammeTpur. DJIEMEHTHl BHYTPEHHETO W  BHEIIHETO OPUCHTUPOBAHUS
KaJIpOBOTO CHUMKA. MeTobl U (DOTOTpaMMETPUIECKIE CUCTEMBI, IPUMEHSIEMBIC IS
WU3MEPEHHsSI KOOPJWHAT TOYEK HA AHAJOTOBBIX M ITM(GPOBBIX OJMHOYHBIX CHUMKAX.



[Tpeobpa3zoBanue AHAJIOrOBBIX CHUMKOB B 1 pOBYIO bopmy.
dotorpammerpruyeckue ckaHepbl. CUCTEMbl KOOPAMHAT LU(PPOBBIX H300paKEHHM.
BHyTpeHHEE OpHUEHTHPOBAHUE KAAPOBBIX CHUMKOB. YUYET CHCTEMAaTHUYECKUX
MOTPENTHOCTEN CHUMKA M3-3a JUCTOPCUU 00BEKTHBA, AedopManiuu poToMatepuaia u
pedpakimu atMochepbl IPU BBHIMOIHEHUH MPOIecca BHYTPEHHETO OPUEHTUPOBAHMUS.
@opMyJibl CBSI3M KOOPAMHAT COOTBETCTBEHHBIX TOYEK CHHMKA M MECTHOCTH.
@opMyJibl  CBSI3M  KOOPJIHMHAT COOTBETCTBEHHBIX TOYEK HAa HAKIOHHOM H
TOPU30HTAILHOM CHHUMKAaX, MOJYYCHHBIX W3 OAHOW TOYKH (hoTorpadupoBaHus.
BnusHue norpemHocTeld BBICOT TOYEK OOBEKTa Ha TOYHOCTh OIPEACIICHUS HX
IUTAHOBBIX KOOPJAWHAT MO OJAMHOYHOMY CHHMKY. MacmtaObl cHuMKa. Onpenenenue
AJIEMEHTOB OPUEHTUPOBAHMS CHUMKA 10 OMTOPHBIM TOYKaM.
Teopusi napbl KaApPOBBIX CHUMKOB
bunokynsipHoe 3peHue. MeToabl CTEPEOCKONMHYECKOTO0 HAOIOACHHUS U
U3MEpPEHUsI aHAJIOTOBBIX W IU(GPOBBIX CHUMKOB. KoOpIuWHAThI ¥ Mapaiakchl
COOTBETCTBEHHBIX TOUEK HA cTepeonape CHUMKOB. DOpMyJibl CBSA3M KOOPAUHAT TOYEK
MECTHOCTM M KOOpPAMHAT MX M300pa)KEHUH Ha Mape KaJpOBBIX CHHUMKOB.
OnpeneneHne KOOpAMHAT TOYEK MECTHOCTH IO IAp€ CHUMKOB METOJOM JBOWHOMN
oOpaTtHOil (HOTOrpaMMETPUUECKON 3aceukd. YCJIOBHE, YPaBHEHHUS U 3JIEMEHTHI
B3aMMHOIO OpUEHTHpOBaHUS CHUMKOB. [locTpoenue Qororpammerpudeckon
Mozenu. BHemiHee opueHTHpoBaHHE (DOTOrpaMMETPUUECKOW MOJAETU. DJIEMEHTHI
BHEIIHETO  OpUEHTUpOBaHUs Mozenu. OmnpenerneHue 3IEMEHTOB  BHEIIHErO
OPUEHTUPOBAHUS MOJEIH U AJIEMEHTOB BHEUIHErO0 OPUEHTHUPOBAHMS Napbl CHUMKOB
10 OTIOPHBIM TOYKaM. TOYHOCTb OINpPEAEIEHHS] KOOPIUHAT TOYEK MECTHOCTH MO Tape
KaJIpOBBIX CHUMKOB.
Crepeodororpammerpuyeckne CUCTEMbI
Ha3nauenue u kinaccuukanus crepeopoTorpaMMETPUUECKUX CUCTEM.
[MudpoBble 1 aHATUTHUECKHUE CTEPEOPOTOrPaMMETPUUECKNE CUCTEMBI.
[TpyHIMIIBI aBTOMATUYECKOM HJIEHTU(PUKALMU COOTBETCTBEHHBIX TOYEK Ha
cTepeornape CHUMKOB Ha HU(POBBIX CTEPe0(hOTOrpaMMETPHUUECKUX CUCTEMAX.
ANTOPUTMBI M METOJBI BBIIOJHEHHS IIPOLIECCOB BHYTPEHHETO W B3aHMMHOIO
OPUEHTUPOBAHUS KaIpOBBIX CHUMKOB, IIOCTPOEHHUS M BHELIHETO OPUEHTHPOBAHUS
dhoTorpaMMETPHIECKOM MOJETH Ha 1 (ppoBHIX u AHAIUTUYECKUX
cTepeoPOoTOrpaMMETPUIECKUX CUCTEMAX.
[Toctpoenne  mudpoBeIX  Mojueneld  peabeda ©U = KOHTYpOB — Ha
cTepeooTorpaMMeTpUIECKUX CUCTEMaX.
TpanchopmupoBanue KagpoOBbIX CHUMKOB
Haznauennie wu Metoasl TpaHcopmupoBaHusi cHUMKOB. Lludposoe
TpaHC(HOPMHUPOBAHUE CHUMKOB B OPTOTOHAJBHYIO MPOEKIUIO U B MPOEKIIMIO KAPTHI.
Coznanue (oTOmIIaHOB MO TMEpeKphIBalOIIUMC CHUMKaM. OleHKa TOYHOCTU
TpaHC(hHOPMHUPOBAHHBIX H300pakenuit. [{udpoBoe TpaHchopMHpOBaHWE CHUMKOB
3aCTPOEHHBIX TEPPUTOPHUU.
IIpocTpancTBeHHast POTOTPUAHTYJISIIAS
Haznauenue 51 KJIacCU(UKAITHS METOJI0B MPOCTPAHCTBEHHOU
doroTpuanrynsiuu.  Teopus MapmpyTHOH U OJOYHOM  MPOCTPAHCTBEHHOU



dboToTpuaHTyIsAIMA. MeETONbl HUCKITIOUEHUS CHUCTEMAaTHYECKHX IOTPEITHOCTEH
CHUMKA MpU TOCTPOCHUHM MPOCTPAHCTBEHHON GdoToTpuaHrysinuu. OcobeHHOCTH
MOCTPOEHUSI CETEe MPOCTPAHCTBEHHOW (OTOTPUAHTYISIMU C HCIOJIb30BAHUEM
3HAQUEHUN JIMHEWHBIX M YIJIOBBIX JJEMEHTOB BHEIIHETO OPUEHTUPOBAHMS,
OTpPEJICICHHBIX B TOJIETE C MOMOUIbI0 HHepuuainbHbiX U GPS cucrem. TouyHOCTB
MPOCTPAHCTBEHHON  (oTOoTpuaHryasauuu. TEeXHONOTMU  TMOCTPOEHUs  CeTel
MPOCTPAHCTBEHHOM (DOTOTPUAHTYJISIIUU.
doTorpamMmMeTpudeckKasi 00padoTKa OJUHOYHBIX U CTepeonap
23POKOCMHUYECKUX CKAHEPHBIX CHUMKOB

Knaccudukanus aspokOCMUYECKHX CKaHEPHBIX ChEMOYHBIX cucTeM. CHCTeMbl
KOOPAMHAT CKAHEPHBIX CHEMOUYHBIX CHUCTEM: OINTHUKO-MEXaHUYECKUX M OMNTHKO-
AJIIEKTPOHHBIX CKaHEPOB, JIA3€PHO-JOKALMOHHBIX CBEMOYHBIX CHCTEM. DJEMEHTBI
BHEIIIHETO OPUEHTUPOBAHUSI CKAHEPHBIX CHEMOYHBIX cHUCTEM. CHCTEMBI KOOpAMHAT
CKAHEPHBIX CHUMKOB.

Meronbl  (oTorpammerpudeckol 00pabOTKH OJWHOYHBIX M  CTEpeorap
CKAHEPHBIX CHUMKOB.

Ocobennoctu 1udpoBoro TpaHcHOPMUPOBAHUS CKAHEPHBIX CHUMKOB.
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PABOYASA ITPOTPAMMA
AUCHUNIMHBI «PoTOrpamMmeTpus»
PexomennyeTcs AJis HanpapieHUs MOATOTOBKU JUTUIOMUPOBAHHOTO CHEIUAINCTA
no cnernuanbHoctr 020501 - kapTorpadus

HEJIA U 3AJAYUN JUCHUTTJIMHbI

lensto mpenomaBaHusi  AUCHUIUIMHBL  "®oTorpamMmmerpusa”"  CTyAeHTam
KapTorpaduuecKkor CIEeNUaTbHOCTH SBJSETCS 00ECIeUeHUe WX 3HAHHMSIMH METOJIOB
dboTorpamMmeTprIecKoil 00pabOTKH CHUMKOB TIOBEPXHOCTEH 3eMIId M APYTHX IUIAHET
C LIEJIBIO CO3aHMS KapT pa3HOr0 HaA3HAYEHUS HA 3TH MIOBEPXHOCTH.

B cBia3u ¢ TeMm, 4YTO a’3poreo/ie3M4YEeCKOe MPOU3BOACTBO IEPENUIO Ha
U3rOTOBJICHHE LHU(POBBIX KapT, KOTOpble Hamboiee OMEepaTMBHO CO3AAIOTCS IO
a’POKOCMUYECKUM U Ha3€MHBIM CHUMKaM, KapTorpadsbl TOKHBI 3HATh COBPEMEHHBIC
MeTO bl HUGPOBOH (HOTOTrpaMMETPUIECKONH 00pabOTKH 3THX CHUMKOB.

3ajaun AUCHUIUIMHBI - TPUOOPETeHHE CTYACHTaMU 3HAHWW W HABBIKOB B
obnmactu  (ororpaMMeTpuyecKkoil  00pabOTKM  CHMMKOB  Ha  IU(POBBIX
dboTOorpaMMETpPUUECKIX CHCTEMAax C IEIbI0 CO3/IaHus HU(PPOBBIX M TpadUuecKUx
KapT pa3HbIX MAacIITa0OB M pa3IMYHOTO HA3HAYEHUS MO a’3POKOCMUYECKUM U
HA3eMHBIM CHUMKaM.

JIns  yCHEemHOro OCBOCHUSI TEOPETUYECKUX U NPAKTHUYECKUX OCHOB
"®oTtorpammeTpun" CTyA€HTaM HEOOXOAWUMBI 3HAHUS O AUCUUIUIMHAM: BbICIIAS
MaremaTtuka, (usuka (pazgen "Onrtuka'"), reome3us, Teopus omuOok. M3yueHwue
qucuuIuinHel - "@oTtorpammetpus”  OyneT CcnocoOCTBOBATh JYYIIEMY YCBOEHHUIO
JCLMUTIIVH: MaTeMaTudeckas Kaptorpadusi, nemudpupoBaHue,
reorHGOpMaIllMOHHOE KapTorpadupoBaHKe, MPOSKTUPOBAHNE U COCTABIICHUE KapT.

TPEBOBAHMUS K YPOBHIO OCBOEHUSA COAEP KAHUS
JAUCHUIIJIINHBI

I[To  okoHuanum  wu3ydyeHuss  kypca  "@ortorpammerpuss"  CTYAEHT
KapTorpaduuecKkol CrenUaTbHOCTH JOJKEH UMETh MPEACTABICHHE O COBPEMEHHBIX
TEXHOJIOTUSIX U METOJUKaX (poTorpaMMeTpudecKkoil oOpaboTKU HAa3eMHBIX, a’po- U
KOCMUYECKUX CHUMKOB C IIETBI0 CO3JaHusl MUGPOBBIX KapT MOBEPXHOCTH 3eMJIH U
riaHeT COJIHEUHOW CUCTEMBI.

COIAEPKAHUE JUCHUIIJINHBI

Beeoenue

[Ipumenenue (ororpamMmmerpuu B KapTtorpaduu u i PEHICHUS HAYYHBIX H
WHKEHEPHBIX 3a7ad. KpaTkuii ucropudeckuii 0030p pa3BuTHs (HOTOTpaMMETPHUH H
pOJIb OTEYECTBEHHBIX YUEHBIX.

Cmepeockonuueckoe naonioodenue u usmepenue CHUMKOE

Monokynsapaoe u  OuHOKyIsipHOe  3peHue. CnocoObl  HaOMIOACHUS
CTEPEOCKONMUYECKON MOJENN IO TMape NepPeKphIBalOIIMXCs CHUMKOB. (CBoiiCTBa
crepeockonuyeckod  moaenud.  CrnocoObl  CTEPEOCKONMHYECKOTO  M3MEpEHUs
cTepeornapbl CHUMKOB. TOYHOCTh HABEACHUS W3MEPUTEIBHOM MApKH HAa TOYKHU
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cTepeoIapsl.
Domozpammempuueckue npudopvl u

uugpposvie homozpammempuyueckue cucmemol

CrepeokoMmapaTtopbl. AHaTUTHYECKHE (OTOrpaMMETpUIECKHEe MPUOOPHI
(ADII). Hudpossie poTorpammerpuueckue cuctemsl (LIDC).

Teopu;l cmepeonapuol U O00UHOYHO20 CHUMKA

OCHOBHBIE 3JIEMEHTHl LEHTPAJIbHONM MPOEKIMM M HUX CBoWcTBAa. CHCTEMBI
KOOpAMHAT, NpPHUMEHsAEMble B (POTOTpaMMETPUU. OJIEMEHTbl BHYTPEHHETO U
BHEIIHEIO OpPUEHTUPOBaHUSA CHHUMKA. OIpenencHue JIEMEHTOB  BHEIIHETO
OpPUEHTHUPOBAHUS CHUMKOB BO BPEMSI ChEMKH.

@opMyJIBl  CBSI3M  KOOPAMHAT COOTBETCTBEHHBIX TOUEK MECTHOCTH W
crepeonapsl CHUMKOB. IIponosibHBII M monepeuHslii mapamiakcel. [locTtpoeHune
TFEOMETPUUYECKON MOJEIN OOBEKTAa IO CTEPEoNape M €€ BHEIIHEE OPUEHTHPOBAHUE.
@opMyIbl  CBSI3U  KOOPAMHAT COOTBETCTBEHHBIX TOUYEK MECTHOCTH M CHUMKA.
TodHOCTH oOmpeAeneHus KOOpAUMHAT TOYeK OObeKTa Mo crtepeonape. McrouHuku
OLIMOOK P POTOrPaMMETPUYECKUX U3MEPEHHUSIX.

Domompuanzynayus

Ha3znauenne u knaccupukanus Qororpuanrymssiauu. CrnocoObl MOCTPOEHUS
MapIIpyTHOU U 0104YHOM POTOTpHAHTYIALMHU. TOYHOCTD (POTOTPHUAHTYIISIUN.

Tpancgpopmuposanue cnumrkos. Monmuposanue opmogomonnana

Ha3znauenne u cmnocoObl TpaHCPOPMHUPOBAHUS CHUMKOB. BnusiHue yria
HakJIOHa a’podOTOCHUMKA M pefibepa MECTHOCTH Ha TOJIOKEHHS TOUEK Ha ITOM
cauuMke. [{udpoBoe TpanchopmupoBanre CHUMKOB. MOHTHpOBaHUE ITU(POBOIO
opTOo(OTOIIIaHA.

Co3zoanue u 0ono061€HUE MONOZpaAPuUUECKUX Kapm no a3poghomocHumMKam

Crepeoronorpadguueckas cbémka. Crepeodororpammerpudeckas oOpadboTka
cHuMKOB Ha [IDPC u ADII ¢ uenvio co3manust kapT u miaaHoB. [{udpoBeie Moaenu
MECTHOCTM U HUX HCIOJIb30BaHHWE [JIsi CO3JaHusl KapT MU I1aHoB. OOHOBIICHHE
TONOTrpaUIECKUX KapT MO ad9POCHUMKAM.

Co3oanue u oono6/1€HUE MONOZPAPUYUECKUX Kapm NO HA3EMHBIM OMOCHUMKAM

[IpumeHeHre Ha3eMHOU cTepeoPOTOrpaMMETPUUYECKON ChEMKHU ISl CO3JaHUs
¥ OOHOBJIEHUS TOMOTpadUUECKUX KapT U IJIAHOB, & TaKXKE JIsl PEIICHUs HAyYHbIX U
WH)KEeHEepHbIX 3anad. [lomeBoe u  kamepasibHOoe oOopynoBanue. IloneBbie u
KaMmepalnbHble paboThl. TeopeTudyeckrne OCHOBBI (HOTOTpaMMETPUIECKON 00pabOTKH
HA3eMHBIX ()OTOCHUMKOB.

Co3o0anue u obHOBICHUE Kapm no KoCmuvecCKum CHUMKaAM
HMcnonp30BaHue KOCMHUYECKUX CHUMKOB JJIA CO3JaHuA U OOHOBJICHUS KapT.
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Ocobennoctu (hoTOrpaMMETPHIECKOM 00pabOTKN KOCMUYECKUX CHUMKOB.
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1. POTOTPAMMETPUS U OBJIACTU EE NPUMEHEHUS

doTorpamMMeTpus MO3BOJISAET OMPEAEIUTh [0 CHUMKAaM UCCIIeyeMOro 00beKTa
ero (opmy, pasmepbl U MPOCTPAHCTBEHHOE TMOJOKEHUE B 3aJ]aHHON CHUCTEME
KOOpJIMHAT, a TAaKXKe €ro IUIONIa/lb, 00bEM, pa3IMUHbIE CEYCHHS] HA MOMEHT ChEMKHU U
M3MEHEHUS UX BEJIMYUH Yepe3 3aJaHHbIi HHTEepBaJl BPEMEHHU.

Ha3BaHue MUCHMITIMHBI IPOUCXOAUT OT rpedeckux ciioB photos (ceet), gram-
ma (3amuch) U Metreo (u3mepsiro), 4YTO B BOJBHOM IEPEBOJE O3HAYACT M3MEPEHUE
N300pakeHNT 00BEKTOB, 3aIMMCAHHBIX C TIOMOIILIO CBETA. ECIIM XOTAT MOTYCPKHYTH,
YTO NpPU H3MEPEHUH HCIOJIb30BAIOCHh 00BEMHOE H300paxkeHue OOBEKTa, TO Ha
OCHOBE I'PEYECKOro cjioBa Stereo (MpoCTpPaHCTBEHHBIN) TaKWE€ U3MEPEHUS Ha3bIBAIOT
CTEPEOCKONMUYECKUMH I CTePe0(hoTOrpaMMeTPUIeCKUMH.

dororpammerpudeckasi ~ 00paboTka  CHUMKOB  HMMEET  CIIEAYIOIINE
MIPEUMYIIECTBA:

1) GonbImast IPOU3BOAUTENBLHOCTh TPYJa Oarogaps TOMyY, YTO U3MEPSIIOTCS HE
caMu OOBEKTHI, a UX u300paxkeHud. [lo cHUMKaM O0O0BEKTa MOXKHO TMOJIYYUTH
udpoByr0 UHGOPMAIMIO O HEM TAaKOW T'YCTOTHI, KAKOW MPAKTUYECKH HEBO3MOKHO
JIOCTUYb IIPU HEMOCPEACTBEHHBIX IPOMEPAX;

2) BBICOKass TOYHOCTb HU3MEPEHHM, T.K. ChEMKA OOBEKTOB BBITIOIHICTCS
MPEIU3UOHHBIMU (POTOKaAMEPAMH, U CHUMKH 00pabaThIBAIOTCSI CTPOTUMHU METO/IAMH C
MIOMOUIBI0 KOMITBIOTEPOB;

3) uudpoByto u rpadudeckyro uHbopMalr 00 00bEKTE MOKHO MOJIYYUTh, HE
BCTYIIasi C HUM B KOHTAaKT, KOria OObEKT HEJOCTYNEH JJIsl YeJIOBEKa UJIM HAXOJIUTCSA B
cpene, OmacHOM ISl €ro KU3HU;

4) BO3MOXXHOCTh TOJIy4EHUSI B KOPOTKUU CpPOK HHGOPMAIMU O COCTOSHHUH
BCEro 00BEKTA U OTACIBHBIX €0 YacTeH;

5) BO3MOXXHOCTh HW3Y4Y€HHS HE TOJBKO HEMOJABMIXKHBIX, HO M JBIKYIIUXCS
00BEKTOB, a TAK)KE€ CKOPOTEUHBIX UM MEJICHHO TIPOXOIAIINX MPOIECCOB;

6) omeparop-GpoTOrpaMMETPUCT HAXOAUTCS B OJIATONPHUATHBIX IS YeIOBEKA
KaMepaJbHBIX YCIOBUSIX.

doTorpaMMeTpHsi UMEET TECHbIE CBSI3M C JPYTMMH JAUCHUIIMHAMHA -
MaTEeMaTUKOW, TMPOTpaMMUPOBAHUEM, Teojie3ueii, Kaprorpaduei, >IECKTPOHHOU
TEXHUKON, TOYHBIM TPUOOPOCTPOCHUEM, aBHAIlMEH, KOCMOHABTHKOH, (HU3UKOMH,
XAMUEH.

DoTOrpaMMETPUIO HCTIONB3YIOT B Pa3IMYHBIX O0JaCTAX HAYKH, TEXHUKU H
MIPOU3BOJICTBA, HAITPUMED:

- Ui omnpeneneHus AedopMaluii COOPYKEHUHW M MX OTHAEIbHBIX 4YacTew,
MPOUCXOJIAIINUX B XOJ1€ IKCIUTyaTalliy U C TCUEHUEM BPEMEHH,

- IIs1 OIIPEICIICHUS XapaKTEPUCTUK ABMKYIIUXCS OOBEKTOB;

-  TOpU  U3BICKAHUAX JKEJIe3HBIX M  aBTOMOOWJIBHBIX  JIOPOT, Tpacc
TpyOOTIPOBOIOB, IMHUMN AIEKTPOIEepeaad U IPYTruX TUHEUHBIX 00HEKTOB,;

- npu TUAPOTEXHUYECKUX, [ISIITUOJIOTUYECKHX, T€0JIOTUYECKHX,
reorpauIeCKUX U3bICKAHUSX U UCCIICIOBAHMSIX;

- TIpU pecTaBpaIlii MaMSTHUKOB apXUTEKTYPhI, CKYJIBIITYPHBIX MOHYMEHTOB,
YHUKaJIbHBIX PEMETOB;
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- g ¢GUKcaMM W COCTaBJIEHUS IUIaHA JOPOKHO-TPAHCTIOPTHOTO
MIPOUCIIECTBUS WJIM MECTA MIPECTYIUICHUS;

- JUISL ONIPEAEIICHUS 10 CHUMKaM, MOJyYEHHBIM B AJIEKTPOHHOM MHUKPOCKOIIE,
XapaKTepUCTUK MUKpopenbeda;

- JUIS JICYCHUS] CETYATKU IJ1a3 U YCTAHOBKM KOHTAKTHBIX JIMH3, U3TOTOBJIECHUS
3yOHBIX MIPOTE30B, U3YUYEHHUSI BHYTPEHHUX OPTraHOB YEJIOBEKA U €ro BHEITHEN (HOPMBI;

- TpH MOUIMBE OJCK/bl C YUETOM MHIAMBUIYAIBHBIX OCOOCHHOCTEN CTpOEHUS
TE€JIa YEIOBEKA;

- B BOCHHO-MHXEHEPHOM JI€Jie MO CHHUMKAM OIPEICISIOT KOOPJAWHATHI
OPUEHTHUPOB U LEIIEH, TPAEKTOPHUIO, CKOPOCTh U APYTHE MAPAMETPHI MOJIETA CHAPSIAA,
pakeTbl M JPYTUX JETIIMHUX OOBEKTOB, COCTABISIOT MU(PPOBBIE MOJIEITH MECTHOCTH
TUTst o0ecriedeHus ToJIETa HU3KO JICTAIUX PAKET U JICTAaTSIbHBIX ammapaTosB;

- CHUMKH, TTOJyYEHHBIE C UCKYCCTBEHHBIX CITyTHUKOB 3€MJIU, UCTIOJIB3YIOT IS
COCTaBJIEHUsI NPOTHO30B IOTOJbI, HAYYHOI'O IPOrHO3UPOBAHUS MECTOPOKICHUMN
IIOJIE3HBIX MCKOIIA€MBbIX, U3YUYCHUSI OKEAHOB U MOPEU, ONPEAECICHUS XapaKTEPUCTUK
CHErOBOI'0 IOKPOBA, AHAJIN3a CEJIbCKOXO3SIMCTBEHHOIO IPOU3BOJICTBA U OXPaHbI
IIPUPOIHOM CPEJIBL.

- IIUPOKOE MPUMEHEHHE (OTOrPaMMETPUS MOTyUYnia IpU KapTorpapupoBaHUH
noBepxHocTu 3emuid, JIynsl, Benepsl, Mapca u pyrux HeOECHBIX Tell.

MO0>XHO TIPUBECTH U APYTHUE MPUMEPHI UCTIOIB30BaHUS (POTOrpaMMETPHH.

2. OCHOBHBIE COBBITUA B UCTOPUU ®OTOI'PAMMETPUHN

[losiBiennto  ¢doTorpaMMeTpur TMPEANIECTBOBAl MHOTOBEKOBOW  MEpHO.
BO3HMKHOBEHUSI M COBEpPUIEHCTBOBAaHUA rpaUyecKoro crnocoda MoJydyeHUs
NEPCHEKTUBHBIX U300paKEHU MECTHOCTU M MpeoOpa3oBaHus UX B miaH. s 3Toro
UCIIOJIb30Bajach KaMepa-00CKypa (TeMHast), ABJIBIIAsCS TPOOOpa3oM POoTOKaMeEPHI.
Onucanust paboThl ¢ Hel uMerorcss B Tpydax Jleonapmo ma Bumum (Leonardo da
Vinci, 1500 r.) u Hemenkoro actpoHoMa u MaTematuka M.Kensepa (J.Kepler, 1611
r.). Jns yno6ctBa paboThl Ha CBeTy Oblla pa3paboTaHa Kamepa-Kjaapa (CBeTias).
HIsetiaper; M.A.Kanmesnep (M.A.Cappeler) B 1725 r. HapucoBain B¢ maHOPaMHbIC
KapTUHBI C IIEJIbI0 COCTaBJIEHUs KapThl ropHoro maccua [lumaryc. [[nst storo on
BIIEPBBIE  HMCIOJB30Bajl MPUHIMUI  TMPOCTPAHCTBEHHOM  3aC€UKH, Ha3BaHHOU
BriocneacTBUM  (ortorpammerpudeckoi. B 1759 1. Hemeukuii MaTeMaTHK
N.I'.JIam6ept (l.H.Lambert), ucmosnb3yss OpwHIMI NPOCTPAHCTBCHHOW 3aCCUKH,
U3JI0KHUIT TEOPETUYECKHNE OCHOBBI MEPCIEKTUBHBIX M300pakeHnit o0bekToB. B 1791-
1793 rr. Ha ocHOBe ATUX pa3padoTok ¢pany3ckuii ruaporpad HI.d.boran-bonpe
(Ch.F.Beautemps-Beaupre) nposen chéMKy kKamepoi-kinapa tepputopuii Bepa Kpy3
u Ban J[umeHcneHn M coCcTaBUII TUIaHBI C MOMOIIBIO pa3pabOTaHHOTO UM CIIOco0a
NKOHOMeTpHs (0T rpedeckoro cioBa eikon - m3oOpaxenue). OmHako TpedoBaICs
Croco0 3aKperyieHus: A JUIMTEIbHOIO XpaHEHUs H300pa)KeHHsl, MOJYyYEHHOTO B
kamepe-oockypa. B 1839 r. ¢pannys JL.JK.darep (L.J.Daguerre) u aHraumyaHuH
®.Tan6or (F.Talbot) oObsBHIM O pa3pabOTaHHBIX MMM CHOCO0aX MOTY4YEHUS
dboTouzoOpakeHnii B Kamepe-oOckypa, a anrnuickuii actponoM /[l.I'epiuesn
(J.Herschel) BriepBrie npumenmn TepmuH (ororpadus. lanpHeilmme JOCTIKEHUS B
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dotorpaduu U co3gaHUM MOOWIBHBIX (DOTOKAMEP OTKPHUIM AOPOTY TMOSBICHUIO
dhoTorpaMMeTpHH.

B 1852 r. ¢panmysckuii Tomnorpad, mmkeHep-maiiop Ime Jloccena (Aime
Laussedat) mepBbiM B MHpe BBINOJIHHI (OTOCHEMKY MECTHOCTH C IEJbIO
co3gaHMs 1O CcHUMKaM e€ miaaHa. C 3TOro rojJa HAa4yMHAETCS HCTOPHUS
dboTorpamMmmeTpum, XOTS OTO Ha3BaHME TOSBWIOCH TMO3ke. T.K. CbEMKa
MPOU3BOIMIIACH TSl TOTIOTpauUecKuX 1ieneit, e€ Ha3Baiau ¢poToronorpapuyeckoi. B
1858-1859 rr. mox pykxoBonactBoM J.Jloccena ¢ yuétom HaOpaHHOTO OmbITa ObLIa
U3TOTOBJICHA TIEpBasi B MUpPE ChbEMOUYHAsA CHUCTEMa, IPUCIIOCOOICHHAs AJI1 Ha3eMHBIX
doroTonorpapuyeckux ChHEMOK M Ha3BaHHas (oTOTEe0q0aUuT. Ero KoHCTpyKIHs
npeJcTaBsiiia co0oi couetanue GoTokaMepsl U TEOAOTUTA.

B 1858 r. d¢panmysckuit ¢ororpad @.Typuamon (F.Tournachon),
nyOJIMKOBaBIIHiA cBou cTathu 1oj riceBnonnmoMm Hamap (Nadar), mepBsiM B Mupe
BBINOJIHIJI (POTOCHEMKY MECTHOCTH € BO3AYIIHOrO mapa. OH B3suUl IPUBUIETHIO
Ha BO3AYIIHYI0 (OTOCHEMKY C ILIEJIBIO ONPEICIICHUS TPaHUI] 3€MEJIbHBIX YYacTKOB.
OnHaKo, CTOJKHYBLIMCh CO CIIOKHOCTSIMM TIpeoOpa3oBaHUs CHUMKOB B IUIaH,
OTPaHUYMIICA BBIIIOJHEHUEM U PEKIAMUPOBAHUEM BO3YIIHON (POTOCHEMKH.

B 1858 r. Hemeuxuii apxutektop A.Meiigendaysp (F.Meydenbauer)
HCIOJb30BAT (POTOCHEMKY ISl COCTABJICHUA IUIAHOB 3JaHMM U TEM CaMbIM
MOJIOKUJI HA4aJIo MPUKJIAJHOMY PUMEHEHUIO (POTOrpaMMETpUH, B JaHHOM CIy4yae B
apxutektype. OH ke B 1867 r. npeayoxun Ha3BaHue GoTorpaMMeTpus.

B Poccuu 18 mas 1886 r. mepByrw ¢oTOCHEMKY € BO3AYLIHOIO LIapa
npou3ssen nopyunk A.M.KoBaHbko (BIOC/I€ICTBUU reHepal-ieiTeHanT). B aTom xe
rony B.A.Cpe3neBckmii co3nan mepBbld B Poccum  ¢oroanmapar,
NPeIHAZHAYCHHBbIN ISl BO3AYIIHON (POTOCHEMKH U SABJIAIOIIMUCH MPOTOTHIIOM
aspodoroannapara. Otum (Poroanmaparom 6 wurons 1886 r JILH.3Bepunuen
npousBesl POTOChEMKY € BO3AYIIHOrO mapa, ympasisemoro A.M.Kosanbko. OnHu
nponerenu or Cankrt-IlerepOypra no KpoHmranra u OoTMETHIM BO3MOXKHOCTH
M3Y4YEeHUS TI0 BO3AYIITHBIM (POTOCHUMKAM pesbeda JHa.

B 1887-1889 rr. nemeuxuii mpodeccop K.Komme (C.Koppe) cosman
($OTOTEOI0IUT, Y KOTOPOrO BIlEPBbIe B MHpPe Ha NPHUKJAJAHON pamke Obun
YCTAaHOBJICHBl KOOPAMHATHBIE METKH, KOTOpbIE 3aKpEeNWId Ha CHUMKE
KOOPJIMHATHYIO CUCTEMY.

B nawane 90-x romoB 19 Beka wunxkeHep-nopyunk B.d.HaiineHos
(BHOCJIEICTBUM TOJIKOBHUK, Mpodeccop BoenHo-unxenepHour akanemun (BUA))
Hayayl MPOBOJAUTH PabOThl C LENbIO CO3/IaHUIO MJIAHOB MECTHOCTH MO BO3IYIIHBIM
dotocuumkaM u B 1907 r. Hamucan mnepBbli pycckuil yueOHUK "H3mepurenbHas
dboTorpadust U npuMeHEeHUE €€ K BO3yXOIUIaBaHUIO".

B 1891 r. unxenep myreit coobuienunii H.O.Busuiep Bnepsbie B Poccumn
IPUMEHUI Ha3eMHYI0 (POTOCHEMKY IIPU M3BICKAHUSAX KeJIe3HbIX gopor Ha KaBkase.

B 1892 r. nemenr ®@.1Toabu (F.Stolze) mpemnoxun mjst cTepeoCKOMUIECKUX
U3MEPEHUN CHHUMKOB C€IOCO0 MHHMMOW MAapKH, KOTOpPBIM BMOCIEICTBUU CTalId
WCIIOJIB30BaTh B OOJIBIIUHCTBE CTEPEOPOTOrPAMMETPUUYECKUX MPUOOPOB, B TOM
YHClie ¥ Ha COBPEMEHHBIX U(POBBIX (POTOrpaMMETPHUUECKUX CUCTEMAX.
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B 1895-1896 rr. ®.H.YepubimeB u axkagemMuk b.B.I'oaunbiH nposenu
HazeMmHble GoTtoTonorpaduyeckue cbéMku Ha HoBoit 3emie. B oruére b.b.I'onuibin
OTMETWJI, YTO TIO CPABHEHHUIO C MEH3YJbHOW ChEMKOW ATOT BUJ CHEMKH HMEET
MPEUMYIIECTBO BO BPEMEHHU BBIMIOJHEHHUSI CHEMKH M B KOJIMYECTBE H3MEPSEMBIX
TOYEK C OJTHOM MOCTaHOBKH MHCTPYMEHTA.

B konue 1896 r. u navane 1897 r. uwxkenep MIIC P.FO.Tuie Haxoguics B
3arpaHKOMaHJMPOBKE, B KOTOPYIO €ro MOCHalu C IeJIbI0 M3y4YeHUs pa3pabOTOK B
obnactu Qororonorpaduu. CodpanHas mHpopManus Obuia UM nu3mgana B 1897 1. B
Tpéx HoMmepax xypHarma MIIC, a 3atem B 1898 r. B Opommope "IlpakTuueckas
dotoronorpadus (pororpammerpusi)". Cam P.}O.Tune Obl1 Ha3HAYEH 3aBEAYIONIAM
dotoronorpaduueckumu padoramu MIIC. B 1908-1909 rr. oH u312)1 TPEXTOMHYIO
MoHorpadguro '"dororonmorpaguss B COBpPEeMEHHOM Ppa3BUTHH'', B KOTOPOW
prnepsble B Poccum B €IMHOM  CBSI3HOCTM ONMCAl HCTOPUIO  pa3BUTUSA
¢doTtorpammeTpun, €€ TEOPETUYECKUE OCHOBBI, CHEMOYHOE U OOpadaThIBaroliee
o0opynoBaHue, TNpuUMEHEHHEe  (GOTOrpaMMETpPUM B PA3NIMUHBIX  00JacTsIX
NEATEIbHOCTH YEJI0BEKa.

B 1898 1. ans cbémku ¢ Bo3aymHOro mapa nopyduk C.A.YJIbSIHMH CO31aJ
dboTokamepy MoJi Ha3BaHUEM 'TeJjieanmapat’, KOTOpbIA B TO BpeMs ObLI Hauboliee
COBEPILIEHHBIM U HCIOJb30BAJICA B TEUEHUE J0JITOI0 BPEMEHH.

B 1901 r. nayunsiii cotpyauuk Hemerkoi ¢upmber Carl Zeiss K.IIyabdpux
(C.Pulfrich) pa3paboTan KOHCTPYKIIHIO CTEPEOKOMIAPATOPA, KOTOPBINA OBLIT MEPBHIM
U CaMbIM BBICOKOTOYHBIM OINTHKO-MEXaHUUYECKUM CTepeo(PoTorpaMMeTpruyecKum
npudbopom B Teuenne 20 Beka. Kpome Toro, OBUIO MOJOXKEHO Haydajo
CYILLECTBOBAHMIO cTepeodoTorpaMMeTpHu.

B 1908 r. aBctpumiickuii BoeHHBIH Tomorpad I.0peab (E.Orel) ma ocHoBe
CTEpEOKOMITapaTopa paspaborain KOHCTPYKIIUIO 1epBoro
crepeooTrorpaMMeTpu4ecKOro npudopa AJsi COCTABJICHUS TONOTrpPapuuecKux
KapT N0 Ha3eMHbLIM (POTOCHHMMKAM U Jall eMy Ha3BaHue "aBtroctepeorpad'. B
corpyaanuectBe ¢ K.Ilynedpu-xom mnpubop OBUT yCOBEpIICHCTBOBAaH M IO
Ha3BaHUEM cTepeoaBTOrpad cepuitHo Boimyckaics ¢upmoit Carl Zeiss B pasHbIx
Moudukanusx 10 70-x rr. 20 Beka.

B 1910 r. B Poccun ObLIM BBHITIOJIHEHBI NMepPBble ONBbITHbIE (POTOCHLEMKH €
camouiéra nétunkamMu CeBacTonofibckon mkobl; C.A.YJIbSIHUH cO3/aj NMePBbIil B
Poccun ¢oroanmapar, npeaHasHAYeHHbIH a1 CbEMKH ¢ Oopra camoJéra;
C.M.ConoBbeB omnyonrkoBai opoirtopy "O crepeodoTorpammeTpun’.

B 1911 r. nmponuu nepBble ucnbiTanud U ¢ 1913 r. Havanace sKcCruTyaTanus
NepBOr0 B MHpe MOJYaBTOMATHYECKOI0 IUIEHOYHOro ajspodoroannapara
nosnkoBHuKa B.M.ITorTe. KoHCTpyKIIKa 3TOr0 a’podoToanmnapara Obljia B TO BpeMs
Jy4IlIed B MUPE, U Y HAC OH MCIOJIB30BaJICA 10 KOHIA 20-X TT.

B 1915 r. B I'epmanun M.I'accep (M.Gasser) ckoHCTpyupoBaji JABOHOM
NPOEKTOP, KOTOphI ObUT mMepBbIM (GOTOrpaMMeTPUYECKMM NPHOOPOM ISl
co31aHus TONOrpaguyYecKux IJIAHOB M KApT mo a3podorocHumMKkaM. OaHAKO OH
HE Haleal TMpUMEHEHHs, T.K. He ObUIO HCHOJb30BAHO CTEPEOCKOMUYECKOE
HAOMIOJICHUE M W3MEpPEHUE CHUMKOB. DTOT MPUOOP MOJOXKWI HAYajJo CO3JIaHUIO
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HOBOTO KJIacca TPHOOPOB - YHHMBEPCAJBbHBIX CcTepeodoTorpaMMeTpudecKux
npudopoB (YCII), xoTopble MO3BOJSIN ONEPATOPY BBIIOJIHUTH BCE IMPOIECCHI,
CBSI3aHHBIC CO CHEMKOM TUIAHOBOM M BBICOTHOM 4HacTel Tomorpaduueckoi KapThl MO
a’pocHuMkaMm. B Hauane 20-x romoB B I'epMaHuu ObLI co3llaH aBTOKapTorpad, y
KOTOPOTO HaOJIOACHUE M M3MEPEHHUE CHUMKOB IMPOM3BOAWINCH C HCIOJIb30BaHUE
CTEPEO3PEHUS.

B 1917 r. B Poccum  P.B.KuBoroBckmii  Hanucan  "Kypc
a’podoTorpamMmmeTpun'’, YTO yKa3plBa€T HA CMEHY TEpMHUHA "BO3AyIIHAS
dorochéMka" Ha a3POPOTOCHEMKY.

B Poccun B 1920 r. H.M.AnekcanmoJbCKkM# Hayal 4YTEHUE Kypca IO
dbororpammerpun B MockoBckoM MexkeBoMm uHctuTyre (MMU), a B 1921 1. Ha
reogesndeckom  ¢akynerere BHUA. B 1925 r. mox  pyKOBOACTBOM
H.M.Anekcanonasckoro B MMMU Oblnia opranuzoBana kadenpa ¢ororeonesuu (¢ 1939
r. ¢ororpammerpun). OH ke ¢ 1932 1. ObUI MEpBBIM HAYATBLHUKOM Kadeapbl
dbororpammerpun B BUA. H.M.AjnekcanonbCKuii ObUI 3HTY3HACTOM BHEIPEHUS
a’pOCHEMKH B Tonorpaduyeckoe Mpou3BOJCTBO U CBOUMH paboTaMu CIiocoOCTBOBA
Pa3BUTHIO KOHTYpHO-KOMOMHUpOBaHHOU ChEMKU. CoBMecTHO ¢ [L.II.Coko.10BBIM
H.M.Anekcanonbckuii pazpaboran ¢pororpanchopmarop MI'N.

B pazpabotrky Teopuum Qororpammerpurd U (POTOrpaMMETPUUYECKOTO
pUOOPOCTPOCHUS, KPOME YIOMSHYTHIX COOTEUECTBEHHUKOB, CBOW BKJIaJ BHECIH
®.B.[Ipo-0bimieB, A.C.Cxupunon, H.A.booup, H.H.Becenorckuii, H.A.Ypmaes,
M.J1.KoHnmus, I'.B.PoMaHOBCKHUiA, A.H.JIo6GanoB, B.b.J1lyOuHOBCKMH,
P.I1.OBcannukoB, E.M.Kanan-tapoB u ap. @.B.JlpodbiieB co3nan JMHENKY IS
MOCTPOEHUSI KOOPJAMHATHOM CETKH, CTEPEOMETp JIsi PUCOBKM TOPU3OHTANEH IO
cTepeonape, crepeorpad ans coszgaHus Tonorpauueckux KapT MO crepeonapam
a’3pOoCHUMKOB U japyrue npuOopbl. A.C.CKHPHAOB TOJIy4YUS aBTOPCKHE
ceugerenbctBa (1927, 1929, 1933 rr.) Ha aBTOMAaTHYECKOE BHIYEPUYMBAHUE
TOPU30OHTAJIEH MyTEM CpaBHEHMs TIEPEMEHBI IJIOTHOCTEN (POTOM300pakeHN BOKPYT
COOTBETCTBEHHBIX TOUYEK Ha JIEBOM M MpaBoM (PoTocHMMKaxX. TOJIBKO TMOSBIICHUE
KOMITBIOTEPOB TO3BOJIWIO pemuTh AaHHyo npobiemy. H.H.BecenoBckuii Obl1 B
YHCJI€ TIEPBBIX, KTO BBIMOIHSIT OMBITHBIE TPOU3BOJACTBEHHBIE PAOOTHI IO a9POCHEMKE
rOpoJIOB B KPYMHBIX Maciitabax. Pa3paboTaHHbIe B XOJI€ BBITIOJIHEHUSI BCEX ATHX
paboT METOJMKH JIETIIN B OCHOBY MOJOOHBIX Tocienyromux chéMok. H.A.YpmaeB B
1941 r. onyOnukoBasn "OnemeHTH (oTorpaMmeTpuu”, TIe U3JI0KWI TEOPHUIO
dboTorpaMmMeTpUM C HUCIOJb30BAaHWEM BEKTOPHOM anreOpbl. JTta pabota, crana
OCHOBOH ISl HamMCaHUsl y4eOHUKOB U MoHorpaduii no ¢ortorpammerpun. Tpyzas
M.A.Konmuna  crnocoOCTBOBaiM  pa3pabOTKaM  TEOPUM W TEXHOJOTHUHU
nudpepeHIupOBaHHOTO METOJa CO3JaHus Tomorpapuueckux kapt. Ero Tteopus
00pabOTKH a’pOCHUMKOB € MPeoOpa30BaHHBIMU CBA3KAMH MPOEKTUPYIOIIMX JTy4yei
Mo3BoJIMjIa co3faTh B cepeauHe S50-x rr. oredectBeHHble YCII: cTepeompoekTop
(I'.B.PomanoBckuii, E.U.Kanantapos u np.), crepeorpad (@.B.JIpoodbimes).
A.H.Jlo6anoB, B.b./lyounoBckuii, P.II.OBcsiHHMKOB cBoMMHU  paboTamu
CIIOCOOCTBOBAJIM BHEJIPEHUIO B HAIICW CTPaHE aHAIMUTHUYECKHX METOJI0B 00padOTKU
CHAMKOB C MWCIIOJIb30BAHUEM BBIYMCIUTEIbHON TeXHUKU. ['.B.PomMaHOBCKuMil u
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E.N.Kanan-tapoB pa3zpaboTanu aBTOMaTU3UpOBaHHBIN cTepeokommaparop CKA c
MHCTPYMEHTAJILHON TOUHOCTBIO 2 MKM.

B 1957 r. kananckuii potorpammerpruct FO.B.XemaBa (U.V.Helava) na 1-m
MexayHaponHoM  (GOTOrpaMMETPUYECKOM  ChE3[ieé  MPEJIOKUI  CO311aTh
aHaauTnyeckuii gororpammerpudeckuii npudop. IlepBblii B mMupe oOpasen
sToro mnpubopa, co3manubli pupmamu OMI (Mrtanms) u Bendix (CILIA) mon
nasBannem AP-1 (analytical plotter), 6s1 mpomemoncTpupoBan B 1960 T.
Konctpykuus nmpubopa cocrosiia U3 U3MEPUTEIHHOr0 0JI0Ka, B KAYeCTBE KOTOPOTO
ObUT  HCIONB30BAaH  CTEPEOKOMIIApATOp, KOMIbIOTEpa U  KoopauHatorpada
(rpadomnoctpoutens). [Iporpammuoe obecneuenue coctapun KO.B. Xenasa. 910 66110
HAYaJIoM repexojaa (oTorpaMMeTpHH Ha UCIIOJIB30BaHNE KOMIIBIOTEPHON TEXHUKH.

B 90-e romer 20 Beka mpou3OWIEN MOJHBIA IEPEXOJ Ha KOMIIBIOTEPHBIE
TEXHOJIOTUU U 1U(PPOBYI0 00pabOTKY CHUMKOB, TIOJYYEHHBIX pPa3IUYHBIMU
CbEMOYHBIMU cUcTeMaMU. KoMIbloTep ¢ mporpaMMHbBIM TAKETOM MOJHON 00paboTKH
CHUMKOB cTasl uM¢poBoii ¢pororpammerpudeckon cucreMoii. Ilossuics tepmun
uudpposBasi pororpaMMeTpusi U HOBBIE BHJIBI KapTOJOKYMEHTOB - HHM(ppoBasi
Kapra, uugpoBoii oprodoromian, Huudpposass MoJejlb MECTHOCTH, HUPpoBas
MoJeab peabeda. beul co31aH BBICOKOTOUHBIA (POTOrpaMMeETPUUYECKUN CKaHep,
npeoOpasyrouii B 1uppoByro (HOpMy CHHUMKH, IOJYyYEHHBIE C IOMOIIBIO
aHaJIOrOBOM (pOTOKaMepbl, C COXPAHEHUEM UX T€OMETPUUECKUX, (DOTOMETPUUECKUX U
TOYHOCTHBIX ~ XapaKTEPUCTHUK. AHaIoroBble (OTOKAMEphl YCTYMAIOT MECTO
uugpoBbiM (oTOKaMepaM, TO3BOJSIONIUM BBOJUTh CHUMKHA B KOMITIBIOTEp 0O€3
UCITIOJIb30BaHUs CKaHepa.

WNurepecyromuecss ucropueil pasutug ¢otorpammerpun B 19 - 20 Bekax
MOryT npounTath 00 3ToM B MHTepHeTe: bvkras.narod.ru

3. IUPPOBBIE KAPTBHI (II'TAHBI)

B nHacrosiee Bpemsi Mo a’3po-, HA3EMHBIM U KOCMHUYECKUM CHHMKAM KapTbl
(T1aHbl) CO3MAIOTCS, XPAHATCA, OOHOBJISIOTCA W TEpefaloTCs TOJIb30BaTeNIIM B
uudposoii popme. [Ipexnss rpadhuyeckas popma kapt (TUTAHOB) UCIIOJIB3YETCS TIO
mpoch0e MOJB30BATENS WM M0 APYTUM MpuurHaMm. KoHeuHOUM mpoayKiuen, KpoMe
uuppoBoii kapThl (MJaaHa), MOXeT ObITh HUGpoOBOH (oTomaan u uudposas
¢oTokapra, y kKoropoii mHbOpMaIKs B BEKTOPHOM BHUJE HAJIOKEHA HA PacTPOBOE
n3o0pakenue. Takxe Mo CHUMKaM co3ziatoTcsi nugposbie moaenu peiaseda (LIMP)
u uudposbie moaeau MmectHoctu (LIMM).

HudpoBas kapra, Kak U ee NpeILIECTBEHHULIA «OyMaXHasi KapTay, SBISETCS
MOJIEIBI0O MECTHOCTH, OOBEKThI KOTOPOW IO KOOpAMHATAM IMOBOPOTHBIX TOYEK
3amucaHbl B IIU(POBOM BUJIE TI0 OMNpeeaeHHbIM TTpaBuiiaM. C 0JHOM CTOPOHBI - 3TO
npaBuia O0TOOpaXXKeHUsI rpaduyecKux 00BEKTOB c ONpEAECICHHBIMU
TOMOJIOTUYECKUMU CBSI3SIMU (TOUYKH, JIMHUH, IMOJUTOHBI, U T.J.), C APYTOMl CTOPOHBI -
3TO O0TOOpakeHHE OOBEKTOB IO MPaBHJIaM, KOTOPhIE TIPEANMUCHIBACT KIIacCUPUKATOP
(moma, oporu, jeca, peKu 1 T.1.).

Cornacuo [4]: Iludposas kapra (IIK) - uudpoBass kaprorpaduueckas
MOJeJib, CO/Jep:KaHHe KOTOPOM  COOTBETCTBYET  COJNEPKAHMI0  KAPTHI
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omnpeeJIeHHOT0 BUIa U MacliTada.

B [5] maetcst onpenenenue 1muppoBoii MOACTH MECTHOCTH, KaK MHOKECTBA,
3JIeMEHTAMHM KOTOPOIro SIBJISKOTCH Tomorpado-reoaesnyeckasi nHpopManus o
MECTHOCTH U MPaBUWJIa O0pallleHNs ¢ Hel.

O6a nonstusa «udposas kapta» (LIK) u «udpoBsie MOAETH MECTHOCTHY
(IMM) npakTU4ecKu TOXKAECTBEHHBI, C TEM TOJIBKO OTIMYUEM, YTO MEPBBIA YETKO
ONpENENsieT COACpXKAHUE «MOJACIM» M  TOKa3blBaeT  «KapTOrpapuuecKoe
IPOUCXOXKICHUE OMpPEICICHNUs, a BTOPOM HMMEET MPETEeH3UI0 Ha Oojee IIMPOKOe
TOJIKOBaHUE.

B [6] ompemenena knaccupukanuss mu@POBBIX KapT MO COACPKAHUIO U
Ha3HA4YCHHWIO, Hampumep: I1mdpoBas Tomorpaduyeckas Kapta, LudpoBas
KaJacTpoBas kaprta, nudponas aBuanmonHas kapra u ap. Lludposas kapra sBusercs
OCHOBHBIM TMPOIYKTOM KapTorpaduueckoro mnpousBoicTBa. s ee co3manHus,
OOHOBJICHUSI, MAHMUITYJUPOBAHHMS C HEW - pEIICHHs KapTOMETPUUECKUX 3ajad,
IPOEKTUPOBAHUA M T.JA. HCIOJIb3YIOTCS aBTOMAaTHU3UPOBaHHBbIE KapTorpaduueckue
cuctembl (AKC) u reorpaduueckue napopmanuonusie cuctemsl (I'MC). Hudponas
KapTa siBisieTcss 6a3zoBoit mHpopmaimonHoit ocHoBor ['MIC u 3ToO HOBOe Ka4yecTBO
CYLIECTBEHHO M3MEHSET U paclIMpseT o0JacTU HCMOJIb30BaHUS KapTorpapuueckon
OPOAYKIIUH.

B HauanpHBINM nIepro epexoia OT «OyMaXKHON» KapThl K IU(PPOBON COCTOSIT
B OIU(pOBKEe KapTorpaduyecKux IMPOU3BEACHUNA Ha TBEpIOM HocuTene (Oymara,
IUTACTHK, pa3felieHHbIE KOMWU Ha allOMUHUEBON ocHOBe). HempomomxurenbHoOe
BpeMsl JUIS OTOTO WCIOJb30BaJNCh JAWUTHTAii3epbl, ceiddyac TBEpAbIE KOMHUU
CKaHHUPYIOT Ha INIAHIIETHOM WM 0apa0aHHOM CKaHepe, a 3aTeM OLUU(POBHIBAIOT
(BEKTOPU3YIOT) B PA3IMUHBIX TpauuecKux pegakTopax, padoTarolux ¢ pacTpaMu.

B Hacrosimmee Bpemsi OCHOBHBIMH CIIOCOOAMH CO3JaHMSI W OOHOBJIEHUSI
(axryammsanuu) LK sBistores:

- Ha3eMHas TaXxeoMeTpUYeCcKas ChEMKA,

- Ha3eMHas ChEMKAa C HUCIOJIb30BAaHUEM CIYTHUKOBBIX CHUCTEM TJ100alIbHOIO
MO3UIIMOHUPOBAHHS,

- (pororpammeTrpudeckas 00paboTKa JAaHHBIX adPOKOCMUUYECKON (DOTOCHEMKH,

- 00paboTKa JaHHBIX BO3MYIIHOTO JJA3€PHOTO CKAHUPOBAHUSI.

O4eBHIHO, YTO MEPEUUCIICHHbIE BBILIE CIIOCOOBI co3anusi U oOHoBieHus LK
UCTIONB3YIOTCS, KaK CaMOCTOSITENIbHO, TaK M B KOMOHWHAIMHM, YTO OOYCIIOBICHO
BBIOOPOM ONTUMAIHLHON TEXHOJIOTHH.

[Ipunagnexxnocts 1mMdpoBoir kaptel k ['MC mnpuBena k ToMy, YTO
nepeurcieHnble  crnocoObl  co3manus UK craim  HaszeBath  cOOpom
NPOCTPAHCTBEHHBIX JAHHBIX.

[Iporpammuoit  cpenoii  cozmanust u  oOHOBieHus I[K wMoryr ObITh
CHEIUAIN3UPOBAHHBIE  MPOTPaMMbl  OOpaOOTKM  MPOCTPAHCTBEHHBIX  JAHHBIX
(Hampumep - Ja3€pPHOTO CKAHUPOBAHMS WM TaXEOMETPUUYECKOM CHEMKH),
aBTOMATU3UPOBAHHBIC KapTorpaduueckue CHCTEMBI, reorpaduyeckue
nH(pOpMaIMOHHBIE CUCTEMBI, UPpoBbie GoTtorpammerpuueckue cucrtembl (I[DC).
Habmionaercss TeHAeHIMs Ha MHTErpalui0 (yHKIMOHAIBHBIX BO3MOXKHOCTEH
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paznuunbix cucteM, Hanpumep LIDC ¢ ['UC, kak cucrema cOopa MpoCcTpaHCTBEHHBIX
JAHHBIX 1 MAHUITYJIUPOBAHUS UMHU.

Hudporsie KapThl ITO3BOJISIIOT CO3/1aBaTh 0aHKH uuppoBou
Tonorpaguyeckoii m kaprorpapuyeckoii uHGpoOpMaAUMU, KOTOpas MOXKET OBITh
UCII0JIb30BaHA MHOTOKPATHO, MOJTHOCTHIO MJIK YACTUYHO MO0 Mepe HaJI0OHOCTH.

4. MUPPOBASA ®OTOI'PAMMETPUYECKASA CUCTEMA

B koHue 20 Beka NosIBICHUE KOMIIBIOTEPOB € OONBIIMMH 00BbEMAMH MAMATH U
OBICTPOACHCTBHEM, JOCTHKEHHUS B 00JaCTH KOMIBIOTEPHON TpaduKu U IUPPOBBIX
METOJOB  3allUCh  HM300paXKEHUH NpPUBEIM K  CO3JaHMI0  HOBOTO  THIIA
(doTOorpaMMeTpHUUECKO TEXHUKU - HU(POBOil (POoTOrpaMMeTpHUYECKOl CHCTEMBI
(@C), 3ameHuBIIeH K Haday 21 Beka ONTHKO-MEXaHWUYCCKHE W aHATMTHYCCKUE
pUOOPBHI.

H®C - »>T0 anmapaTHO-MPOTPAMMHBIN KOMIUIEKC, MPEAHA3HAUYECHHBIA IS
¢doTtorpaMMeTpuyeCcKOil 00pabOTKM a’pOKOCMUYECKOM M Ha3eMHOH (POTOCHEMKH.
«upposoii» poTorpaMMeTprUECKyO0 CUCTEMY Ha3BaJld B CBSI3U C TEM, YTO HA HEH
o0pabaTbIBalOTCS M300pa)kKeHus, MpeacTaBlieHHble B 1udpoBoMm Buae. B LOC
U3MEPAIOT CIIETYIOIINE CHUMKH:

- KaJpoBble AaHAJIOTOBble CHUMKM, IIOJyYye€HHble Ha (OTOIUIEHKE B
¢doTtokamepe u rmepeBeAEHHbIE B LU(poBYIO ¢GopMy Ha (POoTOrpaMMeTpUUECKOM
CKaHepe;

- KaJpoBble HM(POBbIe CHUMKH, IOJy4YeHHbIE U(POBOI POTOKaAMEPOH;

-  HU(ppPOBbIE CKAHEPHbIC W300pPaKEHHsI, IIOJYYECHHBIE a3p0 WIH
KOCMHYECKOM CKaHEPHOU CUCTEMOM;

- PaaMoOJIOKAIMOHHbIE H300pPa:keHHsl, TOJYYCHHbIE PATUOJIOKATOPAMHU
o6oxoBoro (PJIBO) u kpyrosoro o63opoB (PJIKO).

B JAHHOM METOAMYECKOM nocoouu paccMaTpuBaeTcs
(poTorpammerpuyeckas 00padoTKa TOJIbKO NMEPBbIX ABYX BH/I0B CHUMKOB.

[Tepepie IPC mnosBunuce B 80-Xx IT. MPOHUIOr0 BEKa C IMOSBICHUEM
JOCTATOYHO MPOU3BOAUTENBHBIX MEPCOHAIBHBIX KOMIIBIOTEPOB M NPHIIINA HA CMEHY
aHATUTHYECKUM (OoTOrpaMMeTprudecKuM pubdopam. [ 1aBHBIM (GakTopoM repexoja K
U(GPOBBIM CUCTEMAM SIBIISIETCS BO3MOXHOCTh aBTOMAaTH3al[MM IIHPOKOrO KpyTra
3aady  (OTOrpaMMETPpUYECKOH OOpaObOTKH CHHMKOB, TOJYUYEHHBIX Pa3IUYHBIMU
CbEMOUYHBIMU ~ CHUCTEMAMH: ONTHYECKMMH, ONTHUKO-MEXAaHWYECKUMH, ONTHKO-
AIEKTPOHHBIMHU.

Buenme H®C (0600ménHas 00K-cxeMa MoKa3aHa Ha puc. 1) oTauyaercst OT
NEPCOHAILHOTO KOMIIbIOTEPA TOJBKO HaJU4YMEeM HaOMIOAaTeIbHOW CHUCTEMBI IS
CTEPEOCKOIMMYECKOTo HabmoaeHus (cM. ¢. 23-25), a 11 HaBeIeHUsT U3MEPHUTEILHON
MapKyd Ha CHUMOK WJIM TIPOCTPAHCTBEHHYIO MOJENb 00BbEKTa KPOME «MBIIIN» MOTYT
OBITh UCIIOJIB30BaHBI CIIEIMATIbHBIE MAHUITYJIATOPHI, HAIIPUMED: IITYpBaJIbl, TPEKOOI,
crenuaibHble Kypcopbl. Bo Bcex cucremMax HaBeleHHE MAPKHU Ha TOYKY BBINOJHAETCS
KaK HENOCPEJACTBEHHO OIEPAaTOPOM, TaK U C UCIOJIb30BAHUEM KOPPEIATOPA.
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[TporpamMmbl 06pabOTKH CHIMKOB N HoC

N
[Hudposas /" Ipoueccop || MonuTop
dboTokamepa /
/ f
Amanorosas | rem o e ) CkaHep Yerpoiicrsa Cucrema
dboTokamepa YIIPaBJICHHS U cTepeoHabro-
BBOJIa UH(OPMAIIIH: JCHUSA:
KJIaBHATYDa, OUKH,
"MpIIIB", TpEK-0011, CTEPEOCKOI
p-Kypcop,
Puc. 1 IITYPBAJIbI

OyHKIUOHAIBHBIE BO3MOXHOCTH [[DC omnpenenstorcss pa3BUTHEM €€
MIPOrPaAaMMHOM COCTABJISIIOIIEH, KOTOpas ISl PEUICHHS IIUPOKOro Kpyra 3aaad
dboTorpammeTpuueckoii 00pabOTKH a’POKOCMUYECKON M Ha3eMHOU (POTOCHLEMKH
JOJDKHA 00€CIeYMBATh BBIMIOJHEHHUE CIEAYIONIMX MPOIECcCOB: (POTOTPHAHTYISALMSA
A5 0JIOKA CHHMMKOB, CTEPEOBEKTOPHM3allUl KOHTYPHOW 4YacTH KapThl H
kapkacoB s 3D-mopesieil 3JaHMA M COOPYKEHHil, CO3JaHHMe OPUIMHAJIA
peiabeda u apyrux ¢popm uudposBoii Moaeau pesbeda, co3aanue (oTonJIaHa,
BEeKTOpH3anus 1o goromianam.

B Poccun cpenu cucteM mupokoro npoduiis UCHONIb3YIOTCS OT€UECTBEHHBIE
HDC: «Tankay, «@oToMoa», YyKpauHckasa cucreMa «Jlenbra», n3pectHas B Poccun
non HazBanueMm - L[OC [HHUUI AuK, 3apy6exnbie cucremsl «Inpho» (Iepmanus),
«l/S-Intergraph», «DPW-Helava» (CIHA) wu np. Kpome Ha3BaHHBIX CHCTEM
CYIIECTBYIOT CIHEHHUAIU3UPOBAHHBIE CHUCTEMBI, KOTOPBIC TMPEIHA3HAYECHBI IS
peleHus 3aiad oOpabOTKU TOJIBKO KOCMUYECKUX JAHHBIX WU MPUMEHUTEIBHO K
pEIIEHUIO 3a]1a4y TPUKIIAIHON (POTOrpaMMETPUH, HATPUMEP aPXUTEKTYPHI.

OcHoBHbIMM  TeHAeHUUAMH pa3BuTuss LDOC sBIArOTCAS: aBTOMAaTHU3ALUS
MIPOIIECCOB M3MepeHHs B GOTOTpHAHTYIIAIIUK, TTocTpoeHust LIMP u oprodoromnianos,
unrerpauusa ¢ ' UC, coBepiieHCTBOBAHUE IPOTPaMM TPEXMEPHOTO MOJIETUPOBAHUS.

5. CTEPEOITIAPA U CTEPEOCKOIIMYECKASA MOJAEJIb

Hcnonb30BaHne BOCHPUATHS UYEJIOBEKOM TJIyOMHBI TNpU HAONIOAEHUU U
U3MEPEHUH CHUMKOB OCHOBAHO Ha TOM, YTO CHUMKH MTOCTPOEHBI IO TEM K€ 3aKOHaM
NEPCHEKTUBHON, IEHTPATBHON MPOEKIMH, YTO U M300paKeHHs] Ha CEeTYaTKax TIJias.
JIBa CHUMKA, HA KOTOPBIX U300pa3uiics OAUH U TOT ke
00BEKT, Ha3bIBAIOT CTEPEOCKONMUYECKON mapoil uim

COKPAILEHHO CTepPeonapoii.
M [Ipeanonoxum, 4To U3 IBYX Touek Sy U Sy (puc.
2), OTCTOAIIMX APYT OT JIpyra Ha pacCTOSIHUU, PAaBHOM

N

Pr m/n q Py T7asHomy 6a§Hcy br, ObLIN TOJTyYeHbl CHUMKHU Py u Py
' doTokameporr ¢ (QOKyCHBIM paccTosiHueM f, paBHBIM
fl=do paccrosuuro Hamayumero spenus do. Eciv 3T1 cHUMKH
2% b o
r
n © m'



YCTAaHOBUTH TIEpe] TJla3aMH 4YeJIOBEKa B TAaKWE >K€ IOJIOKEHHUS, B KOTOPHIX OHH
HaXOJWIIUCh BO BpeMsi ChEMKH, TO TOYKH CHHMKOB, SIBIITIOIIMECS N300pakeHUSMHU
touyek (M, N) oObekTa, CIIPOSKTUPYIOTCS Ha CETYATKH TJ1a3z (M, N u M', N') yenoBeka
Tak, Kak OyATO OH HaOmrojaeT 3TOT 00BekT. PasHbie orcTosiHUS Touek M u N
BBI3BIBAIOT B3aMMHBIE CMEIICHUS WX M300paKCHWI Ha CHUMKAX. OJTH CMEIICHHS
(m'n') mpm paccMaTpUBaHMM CHHMKOB TIpeoOpa3yroTcsi B  (DHU3HOJIOTHYCCKHE
napajuTakchl G, MO BEIIMYMHE W 3HAKY KOTOPBIX TOJIOBHOW MO3T CTPOHUT OOBEMHBIN
obpa3 chororpadpupoBannoro obOwvekra. Habmomaemoe oO0BEMHOE H300pakeHUE
HA3bIBAIOT CTEPEOCKONMMYECKOH MOJeJBbI0 WIH CTepeoMoebio. 300paxeHus
TOYKH OOBEKTAa HA JICBOM M MPABOM CHHMKAaX HAa3bIBAIOT COOTBETCTBEHHBIMH
Toukamu. Hanpumep, n300pakeHuss TOUkd M - TOUkr m ¥ m', a ©300pakeHUsT TOUKU
N - Touku n u n'.

PeanbHble yclOBHS TMOMy4Y€HHUS CHUMKOB HE COOTBETCTBYIOT IapaMeTpam
3peHus  4YeloBeka. B pe3ymbrare crepeoMojenb He  Oymer  1moJo0Ha
chotorpadupoBaHHoMy 00BeKkTy. EE BepTukanpHbiii MacmTad 1:mg Oyzer
OTIMYaThC OT TOpU3OHTaIbHOro Macmraba I:m. CooTHOUIEHHE MEXKIY

. m 250
Macmtadbamu omnpejaensercs Qgopmynoin: — =——

B
pacctosiHun gorokamepsl f = 100 MM cTepeomojens OyAeT BHITSHYyTa BBEpX B 2,5
paza, a mpu f = 350 mm Oynmer cxkara B 0,7 pa3. V3MmeHeHue yBenu4yeHUs
HaOJII0JaTEIbHON CUCTEMBI HE U3MEHSET ATOT KOAPPUIUEHT, T.K. OHO OJJHOBPEMEHHO
U3MEHSET KaK TOPU30HTAJbHBINA, TaK U BEPTUKaIbHBIA MaciiTaObl. B TO ke Bpems
BBITSITMBAaHUE peibeda Ha cTepeoMojenu OOJeryaeT €ro BOCHPUSTHE, a TaKxkKe
CBhEMKY perbeda.

Jpyroit 0COOEHHOCTBIO CTEPEOMOJICNN SBIISIETCA TO, YTO OHA BHITATUBACTCS B
CTOPOHY HaOJoAaTeNnss NpH MEpPeMENICHUH TOJIOBbl 4YEJIOBEKa BJIEBO-BIPABO
OTHOCUTEJIBHO cTepeonapbl. YnaneHue (MpUONMKEHHE) CTepeonapbl K ria3zam
HaOo/aTeNss  BBI3bIBACT pacTsbkeHue (cxatue) crepeomojenu. HeOosbime
pa3BOPOTHl CHUMKOB OTHOCHUTEIBHO JPYT JApyra M OTHOCHUTEIBHO TJla3 YelIOBeKa
IPUBOJAT K HAKJIOHAM W Pa3BOpPOTaM CTEPEOMOJICIH B MpocTpaHcTBe. MMerommuecs
Ha CHUMKax CMEUICHMsS TOYEK, BbI3BAHHbIC HAKJIOHAMU CHHUMKOB M JPYTUMHU
IpUYMHAMU, IPUBOAAT K AeopMmaiuu crepeomozenu. CyMMupys Cka3aHHOE, HYKHO
OTMETUTh, UYTO  CTepeoMoJejb He  SIBJsIeTCA  CTPOrMM  Mogo0uemM
chororpapupoBanHoro oobekra. OHAKO M3-3a TOTO, YTO Ha IIJIAHOBBIX CHUMKAaX
CMEILIEHUsI TOUEK, BBI3BAHHBIE PA3HBIMU MCTOUYHUKAMHU, UMEIOT CPABHUTEIBHO MaJlble
BEJIMUMHBI, HAOII0AaeMast 0 3TUM CHUMKaM CTEpEOMOJeINb NagT, B LEJIOM, BEpHOE
MPEICTaBICHUE O pefibe(pe MECTHOCTH.

Kpome TepmmHa cTepeomMojeb, UCIHONB3YIOT JPYro TEpMHUH -
crepeodddexr. Paznuuaror mnpsiMol, 0OpaTHBIM U HyJEBOW cTepeodrDPEeKTHI.
IIpsmoii crepeodddeKkT BO3HUKAET NMPHU pacCMATPUBAHUU JICBOTO CHHMKA JICBBIM
rJa30M, a MpaBoro - mpaBbiM (puc. 3, a, TMEPEeKPHIBAIOIIMECS YacTH CHHUMKOB
MOKPBITHI CeTYaThiM MoseMm). Eciu cHuMKM momeHsTh mectamu (puc. 3, 0), TO
duznoNornuecKre mapaiakChbl TOMEHSIOT 3HaK, M OyJeT HaOMI0JaThCs 00paTHBIM

Hampumep, npu ¢oxycHoM
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crepeodddekr, T.€., HaIpUMEp, BO3BBIIICHHOCTH OYIyT BOCHPUHHMATHCS Kak
yrayonenusa. Eciu o06a cHMMKa TOBEpHYTh Ha 90° u cmectuTb BBEpPX-BHU3
OTHOCHUTENIbHO Jpyr apyra (puc. 3, B), To OyneT HaOI0AaThCsS HYJIeBOH
crepeodddekr, T.c. 1Ba IUIOCKUX H300pa)KEHHUS COJILIOTCS B OJIHO IUIOCKOE. DTO
OOBSCHSETCS TEM, YTO BJOJIb TJA3HOrO 0Oa3uca YCTAHOBATCS OPJUHATHI TOYEK,
Pa3HOCTH KOTOPBIX BBI3BIBAIOTCS PA3HBIMU TOJIOKCHUSMH CHUMKOB B TIPOCTPAHCTRBE,
a He perabe)OM MECTHOCTH.

a) JI I1 B) —

0)

Puc. 3

N3mepenus crepeornapsl BRIIOIHAIOT NpU NpaMoM ctepeodpdexre. OOpaTHbIi
cTepeo’r(p(PEeKT MOKHO HMCHOJB30BaTh NMPU U3MEPEHUU Y3KOW TIIIyOOKOW JoJMHBI. B
TOM ClIy4ae JHO JOJUHBI OyIEeT BOCHPHUHMMATBCA KaK BOIOpPA3lel M YHUCTO
MICUXOJIOTUYECKH MApKy OyJIeT Jerye HaBOAUTh Ha HETO.

6. YCJIOBUSA TTOJYYEHUS CTEPEOITAPBI N
CIIOCOBbI HABJIIOAEHUSA CTEPEOMOJIEJIN
JJist mosty4eHusi cTepeonapbl HYKHO BBIIIOJTHUTH JIBA YCIOBHSI.
1. CHUMKH J0J5KHBI ObITH MOJYy4Y€HbI U3 PA3HBIX TOYEK NMPOCTPAHCTBA.
VYcaoBue sBhseTcs  O0S3aTENbHBIM  JUIsl  TOJIYYEHHUS H3MEPUTEIHHOTO
CTEPEOU300PAKEHHUS.
2. PaszHoMacmITAaOHOCTH CHUMKOB He J0JI’kHa ObITH 0oJiee 16%.
Ecnu na doTorpaMMmeTprueckoM MNpUOOPE MOMXKHO HM3MEHSITh MAaCIITa0bl
M300pKEHUA KaKJIOTO CHUMKA CTEpEeomapbl HE3aBUCHMO APYT OT Jpyra, TO ATO
YCIIOBHE HE SIBJISICTCS 00S3aTCIIBHBIM.

JIns HaOgogeHusi 00bEMHOIO M300paKeHUs 10 CTepeomnape HYXHO
BBITIOJIHUTD JIBA YCIIOBHS.

1. Kaxplii rina3 gomKeH paccMaTpuBaTh TOJIBKO OJJUH CHUMOK.

2. CHUMKH HE0OXOJAMMO pa3BepHYTh B CBOUX IUIOCKOCTSX TaK, YTOOBI JIMHHH,
COEUHSIONINE COOTBETCTBEHHBIE TOYKM Ha OOOMX CHUMKAax, ObUIM HapauieIbHBbI
rJIa3HOMY 0asucy.

YToOb! BHIMOIHUTD YCa0BHeE 1, HCTIONB3YIOT CAEAYIOLIUE CIIOCOOBI.

Ontnyeckuii cmocod OCHOBaH Ha pacCMaTpUBaHWM CHUMKOB 4Yepes
ONTUYECKHE CHUCTEMBI. [IpOCTOM ONTUYECKOM CHUCTEMOW SABJISAETCS 3€pPKaJIbHO-
JMH30BBIA CTEPEOCKOI, KOTOPBI MOXHO HCHOJIb30BaTh U MpH 00pabOTKE CHUMKOB
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Ha KOMIbIOTEpE. B 3TOM ciydae CTepeocKoln yCTaHaBIMBAIOT NEPEN 3KPAHOM, Ha
KOTOPBIN OJTHOBPEMEHHO BBIBOJIAT 002 CHUMKA: JIEBbII CHUMOK - Ha JIEBYIO MOJIOBUHY
HKpaHa, a MpaBblii CHUMOK - Ha MPaBYIO MOJOBUHY.

[Ipunnmn anarauduyeckoro cmocoda ObT myOnukoBaH B 1853 T.
B.PoarpmanoM, HO Tonbko B 1858 r. JDk.JI'AnpMmeiine mOpoieMOHCTpHUPOBAI
MoJIyuyeHHe 00BEMHOTO M300paxkeHus 3TUM criocobom, a B 1891 r. Jlym [lykac mro
OpOH MU3rOTOBUII MEPBHIE CTEPEOOTKPHITKH.

CHUMKM MPOEKTUPYIOT HAa SKpaH OJJHOBPEMEHHO, HO B Pa3HbIX IIBETAX: JICBBII
CHUMOK - B KpPacHOM LIBETE, a IpPaBblii CHUMOK - B CHHe-3el€HOM. HaOmromarenb
HAJ€BAa€T OYKM, Yy KOTOpPBIX IM€pel JIEBbIM TIJa30M YCTAHOBJIEH KpacHBIA
CBETOMUIIBTP, a Tepe MPaBbIM IJ1a30M - CHHE-3eIEHBINA. B pe3ynpTaTe Kaxaplid ria3
OyZeT BUJETh CHUMOK C COOTBETCTBYIOIIEH OKPACKOM, U orepaTop OyneT HaOI01aTh
00BEMHOE n300pakenne. Hemoctatku criocoba: 1) Hajawune 0ukoB; 2) CBETO(PMIBTPHI
JOJDKHBI OBITH TIIATENHHO MOJA00PAHBI IO YACTOTHBIM XapPaKTEPUCTUKAM KaK MEXKIY
co0Oi, TaK U C COOTBETCTBYIOIIMMH H300pakeHHsIMH Ha dKpaHe. Ecim 310 He
COOJIIO/TaeTCS, TO KAXJIBIHA IJIa3 BUIAHUT C1adoe M300pakeHHE COCETHEr0 CHUMKA; 3)
NOTEPHU CBETa B CBeTOGUIbTpax; 4) npu HAOJIFOCHUH IBETHBIX CHUMKOB TIPOMCXOTUT
UCKaKEeHHE 1BETOBOW rammbl. Crioco0 HCMOIB3YIOT MpU 00pabOTKE CHUMKOB Ha
HDC.

Cnoco0 yepenoBanust cHUMKOB (Tipeiioker [I'Anbmeiize B 1858 r.) ocHoBaH
Ha TIOOYEPEAHOM TMPOCKTUPOBAHMHA CHHUMKOB Ha 3KpaH. C Takol K€ 4YacTOTOH
CUHXPOHHO OTKpBIBAETCA JIeBas WM IMpaBas BETBU HaOMIOAATENIbHOW cucTeMbl. J{iis
paccMaTpUBaHUsl  CTEPEOU300pa)K€HUsT  MPUMEHSAIOT  3aTBOPHBIE  OYKH  C
KHUIKOKpHUCTaTnIeckumMu rutbtpamu. HemoctaTku crocoba: 1) Hannuue o4koB; 2)
noTeps cBeTa B GUiIbTpax. ITOT CHOCOO MCHOJIb3YyeTcs Mpu 00pabOTKE CHUMKOB Ha
[{DC.

Hoasiponanelii cnocod (rpemioxen XK. Aunepronom B 1891 r.) ocHOBaH Ha
TOM, YTO CHUMKHU IPOEKTHUPYIOT Ha H3KpPaH OJHOBPEMEHHO YeEpe3 IMOJSPOUIHbBIC
CBETOGUIIBTPHI C YIJIOM TMOJISIPU3AIMN MEXIYy HUMHU, PaBHBIM 90°. Habmoxatens
HAJICBa€T OYKU C TMOJSPOUIHBIMU CBETOPWIBTPAMU U C TaKUM XKE€ YIJIOM
nonspuzanuu. Hemoctatku cmocoba: 1) Hamuume OYKOB; 2) MMOTEps CBETa B
nosisiponaax cocrabisieT 50%; 3) mpu OTpakeHHWH OT dKPaHa MOXKET MPOMCXOJIUTH
YacTUYHAas JENOospHu3alus, 4TO YXYyAIIAeT cTepeon3oOpaxkenue. JlaHHbI crnocob
UCIIONB3YIOT mpu 00paboTrke cHUMKOB Ha [[PC, HO I 3TOro MNPUMEHSIOT
CHeUaIbHbIi MOHUTOP, Y KOTOPOTO MUMEIOTCS JIBa JKUJKOKPUCTAIUTMYECKUX JKpaHa,
pacronoxernsix mog 90° apyr k mpyry. Ha Kaxplid 9KpaH BBIBOAUTCS OIMH H3
CHUMKOB CTEpEOIapbl, HO B MOJISIPU30BAHHOM O] 90° cBeTe OTHOCHTENBHO Ipyr
apyra. Mexay SKkpaHamu pacmonoxkeHa mox yrmoM 45° Kk KakmoMy SKpaHy
MOJIyIIpO3pavHasl CTEKJISTHHAS TIJIaCTHHA, KOTOpasi MO3BOJISIET ONEepaTopy HaOIIOAATh
00a n300pakeHUsI Yepe3 MOSIPOUTHBIC OUKH.

IIpu pacTpoBoM cnocode, nipeanoxkeHHoM beptbe u JIuzeranrom B 1896 r.,
JIBa CHUMKa MPOEKTUPYIOT HAa SKpPaH, COCTABJICHHBIA W3 JIMH3 ILMJIAHJIPUYECKOU
dbopmbl. OnTHYECKUE JIy4H, HECylIre H300pa)K€HUsl JIEBOrO U IMPABOrO CHUMKOB,
OTpaXaroTcs MPOTHUBOMOJIOKHBIMU T'PAHSIMU JIMH3 U TIOMAJIal0T B COOTBETCTBYIOLIUN
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ria3 HaOmogaress. Hemocratku cniocoba: 1) n3-3a uHTEpdEpEeHIINU CBETOBBIX Jyde
HApYyIIAeTCs PaBHOMEPHOCTh OCBCIICHHSI II0 MO0 CTepeon300pakeHus; 2)
OTpaHUYEHHE pa3MepoB crTepeon3oOpakeHus. J[aHHBIA CIOCOO HMCHOJB3YIOT MpHU
0€304YKOBOM MPOCMOTPE CTEPECOKMHOKAPTHUH, a TAKKE MPU U3TOTOBICHUU OOBEMHBIX
OTKpHITOK. B poTorpammerpun 3ToT crioco0 He Halllesl MPUMEHEHUS.

7. CHOCOBbI CTEPEOCKOIIMYECKOI'O U3SMEPEHUS
CHUMKOB

JlJis CTepeoCKONMUYECKOTO W3MEpPEHUs] CHHMKOB HCIOJB3YIOT JiBa CHOC00a:
MHHUMOUW MapKH U pealbHOM MapKH.

Cnocod wmuHumoii mapku (puc. 4, a), npemioxeHubii @.Iltonbiem
('epmanust) B 1892 r., OCHOBaH Ha TOM, YTO Ha KaXJbli CHUMOK CTEpEOIaphl
MPOCKTUPYETCS OAMHAKOBOE H300paKeHHE HU3MEPUTENIbHOW Mapku. B pesynbrare
HaOJIIOAATeNb KaXIbIM TJ1a30M BUAUT y4aCTOK CHUMKA ¢ Mapkoil. T.K. Mapku UMeroT
OJIMHAKOBYIO (hopMy, pa3Mep U IBET, TO MPHU MNPUOIKEHUH K COOTBETCTBEHHBIM
TOYKAaM OHH CJIMBAIOTCS B OJHY MHHMMYI0O CTe€pPeOCKONHYecKylw Mapky. [lpu
COBMEIICHNN MapoK C COOTBETCTBEHHBIMH TOUYKaMHM (m M m') CTepEeOCKONMUYecKas
Mapka OyJeT BOCTIPUHUMATHCS JISKAIIed Ha TTOBEPXHOCTH CTEPEOMOICI B ToOUke M.
[Ipn cMmemeHuy, Hampumep, MNpaBOM Mapkd € TOYKM m' Ha TOuky k'
CTEPEOCKOITMYECKasi MapKa OyJIeT BOCIPHHMMATHCS TIEPEMEIIAFOIICICS TI0 BBICOTE B
IPOCTpaHCTBe cTepeoMonenu ¢ Touku M Ha Touky K. CrnemoBarenbHo, mepemernas
o0e MapkKu MO CHUMKaM W COBMEIIas WX C COOTBETCTBCHHBIMH TOYKAMH, MOKHO
U3MEpPUTh KOOPJUHATHI TOYEK B MPOCTPAHCTBEHHOW CHUCTEME KOOPAMHAT MOJIEIH.
Otor cmocod Obut  ucmons3oBaH  K.Ilynmbgpuxom mpu  KOHCTPYMPOBAHUU
CTEpEOKOMITapaTopa - TMEpPBOro  crepeodoTOorpaMMETPUUECKOro mpudopa
MPUMEHSIETCS B OOJIBITUHCTBE CTEPEOPOTOrPAMMETPUUECKHIX TPUOOPOB M CUCTEM.

Cnocoé peaabHoii Mmapku (puc. 4, 0), TPENTOXKECHHBIH KaHAJICKUM
dororpammerpuctom E.JleBunem (E.Deville) B 1902 r., 3akarodaercss B TOM, 4TO B
MPOCTPAHCTBO CTEPEOMOJICIIH BBOJUTCS DKpaH, UMCIOIIMK B IIEHTPE CBETSIIYIOCS
TOYKY, KOTOpas CIYXHUT peaibHONl H3MepuTeNbHOH MapKoi. DTOT crnocod He
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HAaIIeJ IUPOKOro MPUMEHEHHUS B (POTOrpaMMETPHH.

@opMy, pazMep U LBET U3MEPHUTEIbHOM MAPKHM OIIEpaTOp YCTAaHABIIMBAET C
yu€ToM ocoOeHHocTel HalmogaeMbIX n300paxkeHuil. Mcnonb3yeMble popmMbl MapKu
3TO KPeCcT, TOYKA, KOJbLO U Ap. l[BeT Mapku ycTaHaBIMBaKOT B 3aBUCUMOCTH OT
nBera CHUMKOB. [Ipm u3MepeHuu 4EpHO-OENBIX CHUMKOB LIBET MApKH JIydllle
YCTaHABJIMBATh KENTHIA WM CBETIIO-3€IEHBINA, T.K. 3TU LBETA MO3BOJIIOT XOPOIIO
Ha0JII01aTh MapKy Ha TEMHBIX y4acTKax M HEe yTOMIISIIOT I1a3a. Ha cBeTsbIxX yyacTkax
MO’KHO MCIIOJIb30BaTh CUHUI 1BeT. [Ipu ucnonp3oBanum aHarnu@uyeckoro crnocoda
I[BET MapKH JTOJIKEH OBbITh KENTHIN, OeNbIil UK YEPHBIN.

8. OCHOBHBIE JIEMEHTHI HIEHTPAJIbHOM NEPCIIEKTUBHOM
MPOEKIUU KAJIPOBOT'O ®OTOCHUMKA

Kanposblii porocHumMok mnpeacrasisier coO0d M300pakeHHE OOBbEKTa Ha
IUIOCKOCTH B LEHTPAIbHOM TMEpPCHEeKTUBHON Tmpoekiuu. CoriacHo 3akoHaM
MOCTPOEHUSI U300PAKEHUSI B ITOM MPOEKIIMM ONTUYECKUE JIy4YH, UIYIIHE OT TOYEK
oOwekta (Ha puc. 5 Toukn O, K, M) cxonmdarcs B mepenHed y3jJI0BOM TOYKe Sy,
pacroyIoKEeHHOW B mepenHed TiaBHOW T1iockocTd Hp oObekTHMBa Ha TJIABHOM
ontuueckoM Jsyde OSpSzo. Touka Sy sBJAsAETC LEHTPOM NPOEKIUM B
NMPOCTPAHCTBE 00bEKTA.

OnTuyeckue Jy4d BBIXOASIT W3 3aJHEM Y3J0BOM TOYKH S3 OOBEKTHBA,
pacrmoJIO)KCHHOW Ha TJaBHOM onTudeckoM Jjyde OSpS;0 B 3amHel riaaBHOM
wiockoctd Hs oOwvexktuBa. Touka S3; sBJsIeTC UNEHTPOM TMNPOEKIUH B
NMpPOCTPaHCTBe H300paxkeHHsl. Buliias W3 TOYKHM S3 ONTHYECKHE JIy9H CTPOST
n300pakeHre To4eK (Ha puc. 5 Touku o, K, M) oObekTa Ha (HOKATLHON MOBEPXHOCTH
oObekTHBa @, KOTOpass NPEACTABISIET CcOo0OW CcPepuyecKyr0 IOBEPXHOCTbD.
Paccrossane ot Toukm S3 10 (POKAIBbHON MOBEPXHOCTH HA3BIBACTCS (POKYCHBIM
paccrossnueM obobekTmBa T3, B mpemenax  (okasbHOW — MOBEPXHOCTH
YCTAaHABJIMBAETCS IJIOCKOCTh P (MJIOCKOCTH CHUMKA), B Ka4eCTBE KOTOPOH MOIKET
ObITH (OTOIIEHKA WJIM MaTpHIla, PUKCUpYIOITHEe n3o00paxkeHne ooOnekTa. [1nockocTh
P orcrouT OT TOYKM S3 Ha pacCTOSHUU, ABISIONIEMCS (DOKYCHBIM PACCTOSIHHEM
doTokamepsil f,.

LenTpsl mpoekiuu Sy ¥ S3 y 00beKTUBOB U3MEPUTETBHBIX (POTOKaMep OTCTOAT
JIpYyT OT JApyra Ha pacCTOSHUU A, KOTOpOE€ HE YUYUTHIBAIOT MPU CHEMKE OOBEKTOB,
pPacroNOKEHHBIX Ha OOJBIIOM pPAcCTOSHUM OT (OTOKaMephl, M 00s3aTeIbHO
YYUTHIBAIOT MPU CHEMKE OOBEKTOB C KOPOTKHUX OTCTOSTHHIA.
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OCHOBHBIE TOYKM U JIMHUU IIEHTPAJIbHOM TMEPCHEKTUBHON IPOCKIINH,
HCIOJIb3yEMbIE J1ajie€ B TEKCTE, NTOKa3aHbl HA PUC. 6 U JaHbl UX ONMCAHUS: TAE OHU
pacnoJiararoTcsi 1 Kakue CBOMCTBA UMEIOT.

P - nmaockocTh
HAKJIOHHOTO CHUMKA.

S - UeHTp mNpoeKIHH.
N3 Hero monydeH HaKJIOHHBIN
CHUMOK P.

SO - IJIABHBIH
ONTUYECKUH JIY4Y HAKJIOHHOT O
CHUMKA - TMEPNeHAUKYISp K
IJIOCKOCTH CHUMKA P.

0 - TIJaBHaAfg ToO4YKa
HAKJIOHHOT0 CHHMKA - TOYKa
nepeceyeHus IJ1aBHBIM
ONTUYECKHUM Jy40M SO
IUIOCKOCTH CHUMKA.

Puc. 6 HIOBEPXHOCTH OTHOCHMOCTH So = T - dokycnoe
paccTOsiHMe CHHUMKA  WJIH

dboTokamepsl fi.

SN - oTBecHast TMHUSA, IEPIICHIUKYJIAP K TOBEPXHOCTH OTHOCUMOCTH.

Z0SN = 0y - YroJ HAaKJOHA CHUMKA, OMNpENEseT OTKJIOHEHHE TIJIABHOTO
onTtudeckoro jiyda SO oT orBecHOM TuHUU SN.

H = SN - BeicoTa ororpadupoBanus.

N - TOYKA HAAMPA HA HAKIIOHHOM CHUMKE - TOUKA MEPECEUEHHUs ITOr0 CHUMKA
orBecHoi nuHHEH SN. B Touke Hammpa cXomsTcss M300paKeHUS BEPTUKAIBHBIX
JUHUA Ha MECTHOCTU (Hampumep, H300paKEeHUs JEpPEBbEB, YIJIOB 3/IaHUN).
PaccTostHre 3TOM TOYKH OT IIaBHOM Touku on = -f tgoL.

9. PABOUYME IIVIOIAIN CHUMKA U CTEPEOIIAPDBI
PeanbHbie OOBEKTHBBI BBI3BIBAIOT YXYJIICHUE TEOMETPUU TOCTPOCHHUSI U
KauecTBa U300pakeHHs TI0 MEpe CMEIIEHUS OT IIEHTpa K Kparo CHUMKA. [loaTomy mipu

28



dboTorpammeTpuueckoii 00pabOTKE CHHMKOB HCIONB3YIOT IIEHTPAJIbHBIE YaCTU
CHUMKOB, KOTOPbIC Ha3bIBAIOT PA0OYMMH MJIOIIAISIMHU.
Pabouasi miomaabr CHUMKa (Ha puc. 7, a OHA 3aIlITPUXOBaHA) ITO €ro

20% 20%
60% 60% / \
20% 20%
30% | 40% | 30% | 40% | 40% |
a. Puc. 7 0.

HEeHTPaJbHAS YaCTh, OrPAHMYEHHAsl JIMHUSIMM, TPOXOASIIIIUMH IMOCPeInHE
NPOAOJBHBLIX M monepe4yHbIx mnepekpoiTHid. Ilpu 60% mnpomonsroM n 40%
MOTMEPEYHOM TMEPEKPHITUSAX JIMHUU OYyIyT TMPOXOJAWTh OT KpaeB CHUMKa Ha
paccrosaausx, paBHbIX 30% u 20% OT AJIMHBI CTOPOHBI CHUMKA, COOTBETCTBEHHO.
CnenoBatenbHo, pabodas IUIomaab Oyner uMeTh (opMy MNPSIMOYTOIbHUKA,
BBITSHYTOI'O B MONEPEYHOM HAMNPABJIEHUHU, CO CTOPOHaMU, coctaBistommmu 40% u
60% OT ITMH CTOPOH CHUMKA.

Ha crepeonapax Taxke BbIACISIOT padovyue MJIOMIAAM, B IIPEACIIAX KOTOPBIX
BBIYCPUYUBAIOT KOHTYPhl W TOPU3OHTAIM, a Ha TpaHUIAX COCEAHHX pabounx
IJIOIAJCAd BBIMOJHAKOT HMX CBOAKY. Padoyas mjiomaab crepeomapbl 3TO
HEeHTPAJbHAs 4acTh MPOJ0JbHOI0 MEePEKPHITHS ABYX CHUMKOB, OrPAHMYEHHAS
JUHUSIMH, TPOXOIAIIMMHU MOCPeAUHE TONMEPEeYHbIX U TPOWHBIX NMPOAOJIbHBIX
nepexkpsiTuii. Ha puc. 7, 6 uzo0Opaxensl Tpu cHUMKa: 1, 2 U 3, cOCTaBIAOIINE
cocennue crepeonapbl. CTepeomnapbl NEPEeKPHIBAIOTCS B MpeAesax 30HbI TPOMHOIO
MPOJIOJBLHOIO TMEPEKPBITUS CHUMKOB, TJ€ HaxXOJWTCS TIJIaBHAs TOYKa CHUMKa 2.
CrnenoBatenbHO, JIEBbIE U MPaBble TPAHUIIBI pabOUUX TUIOMIA/ICH CTEpeorap JT0KHbI
MPOXOAUTh MNPUMEPHO YEpe3 LEeHTpalbHble TOYKKM 1, 2 u 3-ro cHUMKOB. [lpum
MPOA0JILHOM mNepekpblTUM 60% paccTossHUS MEXaAy HUMH cocTaBisitoT 40% ot
JUTMHBI TPOAOJIBHON CTOPOHBI CHUMKAa. BepxHss M HWXKHSS TPaHUIBI pabounx
IIolaAe crepeonap npu nonepeyHoMm nepekpbitun  40% mpoxodsT  OT
COOTBETCTBYIOIIMX KPaeB CHUMKOB Ha pacCTOSHUSAX, cocTaBistomux 20% OT JIMHBI
CTOPOHBI CHUMKA.

10. CUCTEMbBI KOOPJIUHAT, IPUMEHSAEMBIE IT1PU
®OTOI'PAMMETPUYECKOM OBPABOTKE CHUMKOB

IIpu ¢doTorpammerpuueckoii o0pabOTKE CHUMKOB HCHOJB3YIOT CIEIYIOLIUE
CUCTEMbI KOOPJAUHAT.

«I'nodanbHbIe» (IU1aHETapHbIE, MPOCTPAHCTBEHHBIE):

- TeoleHTpHWYeCKasl. >SJUIMIICOMaanbHas, reonesndeckas (B, L, H) wm
npssmoyrojbHas (X, Y, Z), IpUMEHSIOTCS )i IPUBS3KH OMO3HAKOB MpH 00paboTKe
KOCMHUYECKHX CHUMKOB M JIAaHHBIX CITyTHUKOBBIX HAOJIO/ICHUN;
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- TomouenTpuyeckas (X, Y, Z) nmpumensiercss npu o0OpabOTKe OOMIMPHBIX
0JIOKOB CHHMKOB C HayajJOM CHCTEMbl KOOPIMHAT, PACIOJIOKEHHOM Ha 3€MHOMU
MOBEPXHOCTU MPUMEPHO B LIEHTPE TEPPUTOPUH, M300pa3UBIICHCs Ha OJJOKE CHUMKOB.

Kaprorpaguueckue (Tuiockue, npsMoyroibHbIE):

- ["'aycca-Kprorepa,

- UTM (YnuBepcanbHas npoekiius Mepkaropa),

- U JIp.

IIpu coznanuu TomorpaguyecKUX KApPT UCHOJIB3YIOT CIECAYIOIINE CHUCTEMbI
KOOPJAUHAT:

MeCTHbIe (pPETHOHAIBHBIC) - TPOU3BOJIHBIE OT «KAPTOTPAPUUECKUX» WIH
MPOU3BOJIBHO 3a/laHHbIE, TMPUMEHSIOTCS TMPU CO3JaHUM KapTOJOKYMEHTOB O
MECTHOCTH PETMOHAJIBLHOTO 3HAUCHUS;

CHCTEMbl KOOPAMHAT O0ObEKTAa - TPOCTPAHCTBEHHBIC, MPSIMOYTOJILHEIE,
CBSI3aHHBIE C 0OBEKTOM, IPUMEHSIOTCS MIPU PEIICHUH MPUKIIAIHBIX 3a/1a4.

doTorpammeTpulecKue (IIPOCTPAHCTBEHHBIE, TPSIMOYTOJILHBIC):

- CHCTeMa KOOPAMHAT CHHUMKA (aHAJIOrOBOro M IU(POBOro), MPUMEHSIETCS
JU1S UBMEHEHU KOOPJIMHAT TOYEK HA CHUMKE,

- CHCTeMa KOOPAUHAT (poTOrpaMMeTpU4ecKoil MOAeaH (I Tapbl CHUMKOB
Wi Uit O0JoKa CHHUMKOB), TIPUMEHSIETCS Il TOCTPOCHHUS  CBOOOIHOM
(oTorpamMmMeTpuUecKoii MoiesH, ITOJJOOHON CHUMAaeMOMY OOBEKTY.

T.k. ¢ororpammerpuyeckasi 00padO0TKa CHHUMKOB 3aKJIK4Yaercsi B
npeo0pa3oBaHUM KOOPAMHAT M3 OJHOW CHCTeMbl KOOPAUMHAT B [PYIYIo,
Heo0XoauMO 00paTUTH 0c000¢ BHHUMAHHE HA JAHHbIA pa3jges. 3allOMHHB, Kak
3a1a€TCA TOJIOKEHUE KAXKIOM M3 YKa3aHHBIX CHUCTEM KOOpAMHAT, M KAaKOBO HX
B3aMMHOE TIOJIOKCHHE, JIerYe TMOHITh OMHUChIBAEMbIC B JaJbHEWIIEM MPOIECChI
nepexofa M3 OJHOM CHUCTEMBl KOOpJAMHAT B JpYryr0. B OoJblIMHCTBE Cciy4yaes
UCIIOJIB3YIOTCSl  TPUBENEHHBIE B CHOPABOYHHUKAX IO MaTeMaTuke (OpMyIibl
npeo0pa3oBaHus MPOCTPAHCTBEHHBIX KOOPIUHAT.

Ha puc. 8 npuBeneHa TexHOJOTHYECKas cXeMa MPeoOpa3oBaHUl KOOPIWHAT
pu 00paboTKe cTepeonapbl U OJUHOUYHOTO CHUMKA.

Koopaunatel Toyek crTepeomapbl BHadalle MEPEBOIAT K3 CHCTEMbI
KOOpPAMHAT ¢'X'y'Z' ckaHepa B CHCTeMbI KOOPAUHAT JIEBOIO0 0' 1X;1Y1Z;; M IPABOIO
0'nXnYnZn CHHUMKOB, a 3aT€éM B CHCTE€MbI KOOPAMHAT SjyXjpYnZn M SpXnYnZp C
HayajaMu B IIEHTpaX MPOEKIUHU Sy U Sy, COOTBETCTBEHHO.

Jiss cHuMKa 1npeoOpa3oBaHKME BBIMOJIHAETCS AHAJIOTMYHO: CHayalga Wu3
cUCTeMbl KOOpAMHAT ¢'X'y'z' ckaHepa B cHCTeMy KOOPAMHAT 0'XyZ CHHMMKA, a
3aT€M BO BTOPYIO CHCTEMY KOOPAMHAT SXYZ ¢ HA4aJIOM B IICHTPE MPOEKIUU S.

Ecin cHuMOK mosiydyeH ¢ moMombi uHudposou ¢gorokamepbl, TO cpa3sy
BBINOJIHAETCSl Mepexo U3 cucteMbl koopauHat C'X'y'z" matpuisl [13C B cuctemsl
KOOPIUHAT SyXnYnZn ¥ SpXnYnZn U1 apbl CHUMKOB U B CHCTEMY KOOpJIWHAT SXYZ
JJIs OIMHOYHOT0 CHUMKA (YKa3aHO MyHKTUPHOW JIMHUEM ).

Koopaunatel To4Yek cTrepeonapbl 1 CHUMKA MOXHO MpeoOpa3oBaTh cpaszy B
cucremy koopauHat OXYZ o0beKTa, €clii MU3BECTHBI C JOCTATOUYHOW TOYHOCTBIO
AJIEMEHTHl BHEIIHETO OPUEHTHUPOBAHMSI CHUMKOB, ONPEACISAIONINE UX TOJIOKEHUS B
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Cucrema KOoOpaAuHaT Cucrema KOOpAHHAT

CKaHepa 1 poBoit poToKaMepbl
c'X'y'z' c'X'y'z’
l |
R T E—
I— Cucremsl - : : | — Cuctemer |
| O nXnYaZa KOODIHHAT O nXnYnZn | | || 0'Xyz |koopmuHar |
| cTepeonapsl v | v CHUMKa |
| | SaXayaZn [« | SuXnynZn ‘JI' — —o— —»[ Sxyz |
| o - S d
——— T T T T EEpi—
? [0, 1]
| 0 | 1
v
CucTtema KOOpAUHAT C -
nucTeMa KoopJIMHAT 00beKTa
Moien 00beKTa 1 OXYZ
SixmYmZm 7y
Puc. 8

NPOCTPAHCTBE KOOPAUHAT 00BbeKTa (Ipeodpa3oBanre 0003HaueHO udpoii 0).

Eciu  »siemMeHThl BHEIIHETO OPUEHTHPOBAHUS  OJAMHOYHOIO0 CHUMKA
HEU3BECTHBI WJIM U3BECTHBI C HEJIOCTATOYHOM TOYHOCTHIO, TO C MOMOIIIBIO OMOPHBIX
TOYEK, KOOPJAMHATHI KOTOPBIX U3BECTHBI B CUCTEME KOOPAMHAT 00BEKTA, BEIYUCIISIOT
AJIEMEHTHI BHEIIHETO OPHUEHTHPOBAHUS CHUMKA, a 3aT€M OCYIIECTBISIOT TIEPEXO] B
cucremy koopauHaT OXYZ o6bekTa (3TOT BapraHT 0003HaueH nupoi 1).

Jlist  crepeomapbl TpU  TakKWX JK€  YCIIOBUSX KOOPAWHATHI  TOYEK
MIEPECUUTHIBAIOT U3 CUCTEM KOOPAWHAT SjyXnYnZny ¥ SpXnynZn B CUCTEMY KOOPAWHAT
SiXmYmZym Moaenu o0bekTa. 3aTeM, WCIOJB3YS OMOPHBIC TOYKH, BBIUYUCISIOT
DJIEMEHTHI BHEITHETO OPHEHTHPOBAHUS MOJCIH W TIEPECUUTHIBAIOT KOOPJAMHATHI U3
cucteMbl KoopauHaT SyXyYmZm Moaeau B cuctemy koopauHaT OXYZ o0bekra
(3TOT BapuaHT 0003HAYEH IUPpOit 1).

11. CUCTEMA KOOPAUHAT ®OTOITPAMMETPHUYECKOI'O
CKAHEPA

JIsist TOro 4TOOBI AaHATIOTOBBIN CHUMOK MOXHO OBLIIO 00padoTaTh C TTOMOIIBIO
KOMITBIOTEPA, €T0 HYXHO IMpeoOpa3oBaTth Ha (POTOrPpaMMETPHUYECKOM CKaHepe B
muppoByro ¢dopmy. Cucrema koopauHat ckanepa C'X'Y' (puc. 9) 3ama€res
Harnpasisitoei (Y') 1 nepeMearnieiicss o Hell KapeTKon X', pacioIoKeHHOU MoJy
YTJIOM 90° K Hanpasisiomed. Ha kapeTke 3akperuieHa CBETOUYYBCTBHUTEIbHAS
Juneiika [I3C (nmpubop c 3apsmoBoii cBs3bio). [I13C cocTouT W3 KBaapaToB-
MUKCeNlel, cojaepxamux HHPopManuio 00 ONTHYECKON IUIOTHOCTH W IBeTe (Tpu
OCHOBHBIX IIB€TAa: KpacHbIM, 3eJEHBIM, CHUHMI) JAHHOTO ydYacTKa H300pa’KeHHS.
M3MeHeHne onTUYeCcKOi MIOTHOCTH OT 0€0ro 10 YEPHOIo LBETa 3aJaéTca HUPpaMu
oT 0 10 256, 512 unu 1024. Taxxe 3a7a10TC TPU OCHOBHBIX I[BETA.
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1 y' Y10o0nI YCTPaHHUTH T€OMETPUUYECKUE

UCKWKCHHS, BHOCHUMBIC  (OTOrPaAMMETPHUCCKUM
CKaHEepOM, €ro TINATEIbHO KAIMOPYIOT U FOCTHPYIOT
mepea BBIMOJHEHUEM CKaHUPOBaHMS (oTOodHIbMA.
Jlnst  hoTorpaMMETpHUECKOr0 CKaHepa TOYHOCTh
MO3UIIMOHUPOBAHUS KaXKIOTO ITHUKCEIS N300paKCHHUS
JIOJDKHA OBITH He 0oJblie 2-3 MKM, a MUHHUMAaJIbHBIN

n3cC pa3Mep MUKCels ONTUYECKOTO pa3perieHns paBeH S-
ﬂ | » 8 MKM. Jlng cpaBHEHMA CKaXXeM, 4YTO TOYHOCTb
-+ Puc. O L X' TO3WIMOHUPOBAHWS  THUKCENIs I OOBIYHOTO
HuC.

IUTAHIIETHOTO  MOJUrpauueckoro  ckaHepa B
TIECSITKH pa3 XyxKe.

KanubpoBky ckaHepa TEpUOAMYECKH BBIMOJIHIIOT MO KOHTPOJIBHOM CETKe,
MPEACTABIAIONICH COOOM CTEKISHHYIO IJIACTUHKY C BBITPABUPOBAHHBIMU Ha HEH
B3aMMHO TMEPHNEHIUKYISIPHBIMUA JIMHUSIMHU, OTCTOSIIIMMH JIpyr OT Jpyra Ha
pacctossnuu 10 wim 5 wmMm. To4YHOCT, HaHeCeHMs] JHHHM paBHA | MKM.
HNHcTpyMeHTalIbHBIE MOTPEIIHOCTH (Pa3HOMACIITAOHOCTh, HEMEPIEHANKYIISIPHOCTD U
JIp.) 3alUCBHIBAIOTCS B TMaMsiTh CKaHepa U TMPU CKAHUPOBAHUM CHUMKOB UX
WCIIOJIB3YIOT JIJIs1 BBEJICHUS B KOOPJIMHATHI TOYEK CHUMKOB.

[Ipu ckaHMpOBaHWK aHAJIOTOBOTO M300PAXKEHHS CIEIYyEeT MPaBUIHLHO BHIOpATH
pa3Mep THKCeNls CKaHWPOBAaHMS, U OH JOJKEH COOTBETCTBOBAThH pa3periaromiei
criocoOHOCTH CHUMKA. Eciin nHTerpanbHas pa3peniaroiias CmocOOHOCTh POTOCHUMKA
(mnéuka + obwvexTHB) R = 50 nuu/MM, pasmep mukcens nobkeH Obith A = 1/2R =
0,01 mm. CxaHupoBaHHE C MEHBIIIUM pa3pelIeHneM HEPAIMOHATIBHO, TIOCKOIBKY ITO
HUKaK HE TOBBIIIAET TOYHOCTh M3MEPEHUH, a JHIIb TOJBKO YBEIWYUBACT paszMmep
CHUMKA ¥ IPUBOJIUT K PACXOJly PECYpCOB MaMSITH U BPEMEHH Ha 00pabOoTKYy.

B pesynbrare ckaHuUpOBaHHS TOJIy4aeTcs IUGPOBOM CHUMOK, KOOPAUHATHI
TOYEK KOTOpPOTO 3allMCaHbl B CHUCTEME KOOpAMHAT ckaHepa. llpu nanpHenien
00paboTKe uX Mpeodpa3yloT B CUCTEMY KOOPJIUHAT CHUMKA.

12. CUCTEMA KOOPAMHAT CHUMKA. 2JIEMEHTBI
BHYTPEHHEI'O OPUEHTUPOBAHUSA CHUMKA

Hayanom npocTpaHCTBEHHON NPSAMOYrofibHOU CUCTEMBbI
KOOpAUHAT KagpoBOro CHUMKa SIBRAETCA UEHTP npoekuun S
(cMm. puc. 5 n 6). NamepeHnss KoopaAUHaAT TO4YeK OOBLEKTA Ha
KagpoBOM CHUMKe BbIMOJNIHAKTCA B CUCTeMe KoopauHaTt
CHMMKa, KoTopas 3apaetcs nNMb6o KoopAUHATHbLIMM MeTKaMun Ha
aHanoroBoM CHUMKe, NGO cCUCTEeMOM KoopaAuHaT MaTpuubl
LmMpposon poTokamepbl.
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Ha amnanoroBom cuumke (puc. 10, a) deTblpe KOOPAMHATHBIE METKHU

Z A y
S X
z f
5
X JO
. Yo
74
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’Mé a) AaHAJIOT OBl p=—"
?‘ //I
P y y0 C 7

Puc. 10 z b) uu¢posoii

pacnoJsiaratorcsd JMOO TMOCPEIMHE KaKIOW CTOPOHBI CHUMKA, JIMOO B €ro yriax.
KoopaunaTHbie METKHM UMEIOT BUJ KpEeCTa WU KPECTOOOPa3HBIX IITPUXOB C TOUKOMH
nocpeaune. Ochb X CHUMKa IPOXOAUT Yepe3 METKHU | 1 2 v HanpaBieHa BAOJb MOJIETa
HocuTensd. Hayajiom cucTeMbl KOOPAMHAT CIYKUT TOYKA O' IEPECEUEHUS OCU X
nuHUer, coeguusomenn mMetku 3 u 4. Ochb 'y TpPOXOAUT YEpe3 TOUKYy O
MEPIEHINKYJIIPHO K OCH X, 4 OCh Z - YEPE3 TOUKY O' MEPIIEHANKYISIPHO K TUIOCKOCTH
Xy. IoJ10kuTEIbHOE HANIPABJIEHHE OCH X 33/1al0T OT METKU | K METKE 2, OCH Y - OT
METKHU 4 K METKE 3, a 0CH Z - BBEPX OT IJIOCKOCTH XYy.

Jist mugpoBoro m300pakeHUs METKH HE HYXKHBI, MOCKOJIbKY TMOJIOKEHUE
KaXJOTO IHKCENsl ONPENEICHO B OPTOIOHAJIBHOW CUCTEME KOOPAWMHAT MaTPHULIbI
0'Xyz (puc. 10, 6).

JIBe cucTeMbl KOOpJAWHAT CHUMKAa SXYZ W 0'XYZ mapaienbHbl U HMEIOT
napaMeTpbl CMEIICHHS OTHOCUTENBHO APYT IpyTa: Xg, Yo, T, T2 Xo U Yo KOOPIUHATHI
TJIaBHOW TOYKM O B CHCTeMe KoopawHaT 0'Xyz, a f - ¢okycHoe paccrosiHue
¢dorokamepel. [lapameTpbl Xg, Yo, [ Ha3pBarOT 3JieMeHTaMH BHYTPEHHEro
OPMEHTHPOBAHMSI CHUMKA.

JJIeMeHTbl BHYTPEHHEr0 OPHMEHTHPOBAHHMS OIpPeNesiiOT B Ipouecce
KaauOpoBKU (orokamepnl. Takke B mporecce KaTUOPOBKM —ONPENEsIOT
napamMeTpbl aAMCTOpcHM  (OTOKamepbl, KOTOpas XapakTEepU3yeT HapylleHue
OPTOCKOIHUH MPHU MOCTPOEHUHU n300paxeHus. Juctopcus Moxer ObITh 3a/1aHa B BUJIE
MOTIPABOK WJIA KOD(PPHUITMEHTOB MOTUHOMA.

[TockonbKy 3JIEMEHTBI BHYTPEHHETO OPUEHTUPOBAHUS ONPENCISIOT B CUCTEME
KOOpPJIMHAT CHUMKA 0'XYZ TIOJIOKEHHUE IEHTPA MPOSKIUH S, T.€. MOJOKEHUE TOUYKH
yepe3 KOTOPYIO MPOXOAAT BCE NMPOEKTUPYIOIIME JIyYH, TO TOBOPAT, YTO AJIEMEHTHI
BHYTPEHHETO OPUEHTHUPOBAHUSA MO3BOJISIFOT BOCCTAHOBUTDH CBSI3KY
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npoekTupyomux Jyded. [lockonbKky  OHCTOpCHs  ONKCBIBAET  CBOMCTBA
IIPOCKTUPYIOLUX JIy4el, TO U €€ TaKKe OTHOCAT K 3JIeMEHTAM BHYTPEHHEro
OpHeHTHPOBaHus (OTOKAMEPBHI.

13. OCOBEHHOCTHU U3MEPEHUS KOOPIAUHAT HA
HUPPOBOM CHUMKE
[HudpoBoe wnzoOpaxkeHue MNpPEACTaBISET COOOM TPSIMOYTOJBHYIO MAaTpHILY,
KaXKJbIA AJEMEHT KOTOPOM — NMHKCeJb - UMEET CBOE OMPEACIICHHOE IMOJI0KEHUE,
3aJJaHHOE€ HOMEPOM CTOJIOIA | U CTPOKH |, KOTOPBIC B CHJIY CBOSH MPSMOYTOJIBHOU
CTPYKTYPBI U 33JIaI0T CUCTEMY KOOPJAHHAT I poBoro nzodpaxenus (puc. 11, a).
' OTta cuctemMa KOOpPJMHAT - JIEBasl.
'IC' = Xj,‘X' Hagajmo xoopaMHAaT HaXOAUTCA B JIEBOM
112[3]4]|5]6]7] =~ .. BEpPXHEM YTy (TOuka ¢'), TJe paciooKeH
= HyneBol mHkcenb. Och Xj HampaBleHa
1 ﬁ% BIIPABO M BJIOJIb He€ UACT CUET CTOJIOLOB J.
Ocbh Yj HampaBlieHa BHU3 U BJIOJIb HEE UAET
cuét cTpok I. KoopauHate! meHTpa ar00ro
MTUKCEJIS ONPEIETSIOTCS TaK:
@ Xj:j+0,5,yi:i+0,5,
rae ] U I — HOMepa CToJ0La M CTPOKHU
Vi @ Puc. 11 Matpulpl 1UppoBoro uzodpaxkenus. s
v 3akparrenHoro mukcens (J = 5, i = 3)

U

~Njojo|h|lw[N|—|o
WO

KOOpAMHATHI Oy IyT X; = 5,5 ny; = 3,5.

JUist mepexola OT MHUKCEIbHBIX KOOPJIMHAT K METPUYECKHM KOOpJIWHATaM
HY)KHO YMHOXXHTh MHKCEIbHBIC KOOPAMHATHI Ha METPUUYECKHHA pa3Mep MHKCceIs A,
3aJIaHHBIN TIPU CKaHWPOBAaHWUM CHUMKA WM MPHU U3TOTOBICHUU MATPUILI UPPOBOH
dboToKamepsl, T.€.

X"=AxX; u y' = Axy;.
Ecim A = 10 MKM, TO MeTpuYecKHe KOOpPAMHATHI 3aKPAIIEHHOTO TMHKCEsS OyayT
X'=55x10=55Mkm u y' = 3,5x10 = 35 MxMm.

B H®C wyacto cucreMy KOOpAMHAT MCXOJHONM MaTpUIbl LUPPOBOTO
M300paKEHHSI TIEPECUUTHIBAIOT W3 JIEBOM CHUCTEMBI B MpaBylO, MEPEHOCS Hayajo
CHUCTEMBI KOOPAMHAT U3 JIEBOI'O BEPXHEIO B JIEBbIM HWKHUM yroj. B pe3ynbrare ocu
METPUUYECKUX KOOPAMHAT OyAyT MMETh HAIpaBJIEHHs: OCb Xj - BIPABO, a OChb Y; -
BBEPX.

B I®C wusmepenus uudpoBOro M300paKEHUS BBIONHIIOTCS Ha HKpaHE
MOHUTOpa NYTEM  MO3UIMOHUPOBAHUSA HU3MEPUTEIBHOW MAapKH Ha  TOYKY
nzoopaxkenus. [Ipu BbIBoJe Ha sKkpaH mUGPOBOro m3oOpakeHwss B mMacmrtade 1:1
(takoit BBIBOJ e€Ille HA3bIBACTCS HWCTHHHBIA pa3Mep) IHUKCEIb HCXOTHOTO
M300paKEHMSI COBIAJAET C MHUKCEJIEM 3KpaHa MOHUTOpa. B »Tom cnyuae, ecnu
pa3Mep MHUKCENs] UCXOAHOTOo HM300pa)keHus, Hampumep, paBeH 12 MkM, a pasmep
MUKceNs dKpaHa MoHUTOpa - 240 MKM, TO oTOOpakeHHE M300paKEHHS Ha dKpaHe
MOHHTOpPA COOTBETCTBYET ONTHYECKOMY yBennueHutro 20 kpar. Ilpm Takom
YBEJIMYEHUH AUCKPETHOCTh NEPEMELIECHUS] U3MEPUTEILHON MapKU paBHA MHUKCEIIO U,
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COOTBETCTBEHHO, H3MEPEHHbIE KOOPAMHATHI OyayT 3a(UKCHpPOBaHBI 1O OJHOTO
MTUKCEJIS.

VYBeauueHue TOYHOCTU H3MEPEHUs KOOPAMHAT MOXKHO JOCTHUYb 34 CUET
YBEJIMYEHHSI MCXOJHOTO H300pakeHHs B N pa3. B sTom ciyyae oamH mnmMKceJab
UCXOJTHOTO H300paXeHUsT 0TOOpakaeTcsi B HECKOJbKHMX MHKCEJIX JIKPaHa
MOHMTOpPA, HanpuMep, Npu yBenudeHu 2:1 Ha 4 mukcensix MoHuTopa, 3:1 Ha 9
nuKcensax W T.J1. I[IponopuuoHasbHO YBETWYEHUIO YBEIMYMBAECTCS JAUCKPETHOCTH
NepeMeIIeHUs] U3MEPUTENbHOM MapKd, a 3HAYUT M TOYHOCTh (PUKCHPOBAHUSA
koopauHat. KoopAauHaTel  yBEJIMYEHHOIO  M300pa)KE€HUs  ONPENENSIoTCS 10
dbopmymnam:

. j'+0,5 . 1'+0,5
Xj =]+, y| =1+ - .

n n

Ha puc. 11, 6 noka3zaHo, Kak Npu yBEIWYEHUU B 4 pas3a MUKCEIb UCXOJHOTO
n300pakeHust otoOpaxaercss Ha 16 mukcensx moHutopa. Ha mcxonmHol matpuiie

3aKpallleHHBIH MUKCeNb HMeeT Hymepammio J = 5, I = 3. Ha mnoamarpuie

3aKpalleHHBIA MHKCeab HMeeT Hymepanuto | = 2, 1I' = 1. CriemoBaTellbHO,

MTUKCENIbHBIC KOOPIAWHATHI IICHTPA 3aKPAIICHHOTO MTHUKCEIIS IO IMATPHIIBI OyayT
2+0,5 1+0,5

Xj = 5+T = 5,625, Vi = 3+T = 3,375,

a meTpuieckue koopauHaTsl pu A = 10 mxMm OyayT X' = 56,25 MxMm, Y' = 33,75 MKM.

OpHako 3a cueT yBeJlnYeHUs] N300pakeHNsl YBEIMUYUBATh TOYHOCTh U3MEPEHUN
N0 OECKOHEYHOCTH Heb3d. MaKCUMalbHO pa3yMHble yBeJlW4YeHHs 2-3 Kparta.
JlanbHeiiliee yBelquueHue MPUBOJUT K MOTEPE U3MEPSIEMBIX 0OBEKTOB (TOUEK), T.K.
Ha DKpaHe TMOSBIAIOTCS H300pakeHUsl MHKcenell, a u300paxeHue oO0beKTa
pa3MbiBaeTcs. OHaKO omepaTopy HEOOXOIUMO HM3MEPATh HE MUKCENIH, a OOBEKT
(Hexuit 00pa3), KOTOPHIN CKIAIBIBACTCS U3 MHOXKECTBA MUKCEJICH.

JlocT)keHuEe MOAMUKCEIbHOW TOYHOCTH BO3MOKHO HE TOJBKO 3a CYET
yBeNIMYEHUS] U300pakeHus. B HacTosmiee BpeMsl CYIIECTBYIOT —alTOPHUTMEI,
MO3BOJIAIONIME  BBIMONHATH  BUPTYaJNbHBIM  TIEpecYeT  MaTpPUIBl  HUCXOIHOTO
M300paKeHHsI OTHOCUTEIIHFHO TOJIOKEHHUS U3MEPUTEIBHON MapKH, ¥ TaKUM 00pa3oM
YBEJIIMYUBATH TOYHOCTh U3MEPEHUII.

14. CUCTEMA KOOPIUHAT OBBEKTA
9JIEMEHTHI BHEIHIHEI'O OPUEHTUPOBAHUSI CHUMKA

[TonoxxeHne CHUMKa B TPOCTPAHCTBE B MOMEHT (oTorpadupoBaHUs
OTIPEJIEIISIIOT 3JIEeMEHThI BHEIIIHEr0 OpueHTUpoBanus. [1og MOHATHEM CHUMOK HAJ0
MO/Ipa3yMeBaTh CBS3KY IPOCKTUPYIOMIMX JIydel, BOCCTAHOBIICHHYIO Ha JTare
BHYTPCHHETO OPHCHTHPOBAaHMS, KOTaa OBUIM 3aJaHbl JJIEMCHTBI BHYTPEHHETO
OPUCHTHPOBAHUS CHUMKa Xo, Yo, T M ompesesieHo MoNoKeHHe LEHTPa MPOSKIHA S
OTHOCHUTEIBHO CHCTEMBbl KOOpAMHAT CHHMMKa P. Ecmm paccMOTpeTh CBSI3KY
MPOSKTUPYIOIIUX Jy4ell Kak «TBEpAOE TeJ0», TO TOJOKEHHWE TBEPJOTO Tela B
IPOCTPAHCTBE B JCKAPTOBOM CHCTEME KOOPAMHAT OIpPEAeTSIoT 6 MapaMeTpoB.
[TockonbKy CBsI3Ka MOCTPOCHA B CHCTEME KOOPJMHAT CHUMKA, TO ITH TMapaMeTphl,
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CyThb TIapaMeTPhl CBS3M JBYX IPOCTPAHCTBEHHBIX IMPSAMOYTOJBHBIX CHCTEM
KoopauHat. TakuMm oOpa3oM, IS OPUEHTHUPOBAHMS CHUCTEMBI KOOpPAWMHAT CHUMKA
OTHOCHUTEJIHHO CHCTEMBI KOOPJIUHAT 00BEKTa HEOOXOAMMO 3HATh IIECTh 3J1€EMEHTOB
BHENTHEr0 OPUEHTHPOBAHUS CHUMKA.

Ha puc. 12 mnokazana cuctema koopauHat oObekta OXYZ, cucrema
KOOpJIMHAT CHUMKa 0XYZ. BekTop Rs ompenenser moiokeHue MeHTpa MPOSKINH S B
cucTeMe KoopauHat oonrekra. Bektop Ry, onpenensier nonoxenue Toukn oobekra M
B CHCTEeME KoopaAuHAT 00beKkTa. BekTop R onpenenser noynoxeHue Touku oorexkra M
OTHOCUTEJIBHO CHCTEMBI KOOpDJMHAT CHUMKa. BekTop I ompenenseT B cHUCTEME
KOOPJIMHAT CHUMKA MOJIOKEHUE Ha CHUMKE M300pakeHrs M Touku 00bekTa M.

DJieMeHTAMHU BHENIHEr0 OPMEHTHPOBAHUS CHUMKA SIBIISIOTCS KOOPIUHATHI
Xs, Ys, Zs TeHTpa MpoeKmuu S B cuctemMe koopauHaTt oObekta OXYZ u yribl
MOBOPOTa ), O, K CHUCTEMbl KOOpPJIWHAT CHUMKA OXYZ OTHOCHTEIHHO CHCTEMBI
koopauHat oobekTa OXYZ. Yroa moBopoTa @ Ha3bIBaeTCA MONEPEYHbIM (TaHTaX
JUIS caMmoJjieTa) W ONpeNeNsieT BpalleHHe BOKPYT OCH OX, Yroj TOBOpOTa @
Ha3bIBAETCSA MPOAOJBLHBLIM (KpPEH) U ONpeeisieT BpallleHHue BOKPYT OCH OY, yroj K
Ha3bIBAETCS Pa3BOPOTOM (CHOC) U OTpEIeNsIeT BpallleHue BOKPYT OCH OZ.

KoopauHatel TO4Yek OOBEKTa M HMX HW300pOKEHWHW HA CHUMKE CBS3aHBI
BEKTOPHBIM YpaBHCHHEM, KOTOPOE HA3bIBACTCS YPABHEHHEM KOJLJIHHEAPHOCTH:

R=R g t R. (1)
WU B KOOpAUHATHOM (hopme:
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X:XS+(Z—Zs)§|
Gt o)
Y=Y5+(Z—Zs)?

riae: X, Y, Z - KoopJauHaThl TOUKH M B cCTEMEe KOOpAUHAT 00bEKTa;
Xs, Ys, Zs - KOOpJIMHATHI LIECHTPA MPOEKIUHU S B CUCTEME KOOPJIMHAT OOBEKTA;
X', Y', Z' - xoopauHaThl BEeKTOpa I B cHCTeMe KOOpAMHAT OOBEKTa, KOTOPHIE
OTIPEEIISIIOTCS TI0 (hOpMYyIIE:

X' X—Xg
Y |=A y_yO ’ (3)
Z —f

rie A - Marpuna mnpeoOpa3oBaHMs KOOpJAWMHAT (MaTpulila HaNpPaBJISIOIIMX

KOCHHYCOB), DJJIEMEHTBI C€jj KOTOPOW OIpPENENSAI0TCd IO 3HAYEHHUSAM YIJIOBBIX
AJIEMEHTOB BHEIIHETO OPUEHTUPOBAHUS CHUMKA @, O, K.
C y4eToM NOCHENHETO BBIPAKEHNS YPABHEHUE KOJUIMHEAPHOCTH IPUMET BHI:

C11(X—Xg)+C —VYo) —C3f
X:XS+(Z—ZS) 11( O) 12(y yO) 13
C31(X = Xo) +C32(Y — Yo) — Caaf
C21(X =Xo) +C22(Y — ¥o) — Coaf
C31(X = Xg) +C32(Y — Yo) — Casf
Ecii u3BeCTHBI 37IEMEHTHI BHEITHETO OPUEHTUPOBaHUs cHUMKA Xs, Y5, Zs, O,
0, K ¥ BBICOTHI TO4eK Z, TO 110 hopmyie (4) MOKHO OTPECTUTh KOOPAUHATHI TOUYEK
o0BeKTa.
DneMEeHTHI BHEITHETO OPUEHTUPOBAHUS MOTYT OBITh OIIPEICIICHBI B PE3yIbTaTe
dboTorpammeTpuuecKkoil 00padbOTKH CHUMKOB 110 OMIOPHBIM TOYKAaM WJIM TOJyYEHBI BO

BpeMsl ChbEMKU IO JaHHBIM 00PaOOTKH OOPTOBBIX CIYTHUKOBBIX KHHEMATHYECKUX
M3MEPECHUHN U U3MEPEHUN NHEPIUAIBHON CUCTEMBI.

(4)
YIYS —l—(Z—Zs)

15. 9JIEMEHTBI BHEHTHEI'O OPUEHTUPOBAHUSA ITAPBI CHUMKOB
IMoJi02keHne Mapbl CHUMKOB B KoopauHaTHoW cucreme OXYZ (puc. 13)

A7 7 ‘
Sa
Y
ZSJI
o)
Xs, Ys,/ Xs,, X Puc. 13

»

o0beKkTa ompenensiercs 12 3jieMeHTAMH BHEIIHEr0 OPHMEHTHPOBAHUSA: IIECTHIO
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AJIEMEHTAMH BHEIIHEr0 OPUEHTUPOBAHMS JIEBOTO CHUMKA M IIECTHIO 3JIEMEHTaMU
BHEIIIHETO OPUEHTUPOBAHUS MIPABOTO CHUMKA:
XSJI’ YSJI’ ZS.JI’ O, O, Kj, XSH’ YSH’ ZSII’ ®n, Oy, Ki. (5)
KoopauHatel mpaBoro LEHTpa MNPOEKIMH MOXKHO BBIYUCIUTH YeEpe3
KOOPAMHATHI JIEBOTO LIEHTPA MPOEKIUU U NpoeKuuu 0asuca ¢ororpapuposanus B
Ha KoopauHaTHble ocu: Xsg = Xsy + Bx, Ysg = Ysg + By, Zsg = Zsy + Bz
Brraucnenne 6a3ucHbIX cocTaBisiionux By, By, Bz mponsBoautcs mo opmymnam:

By COSVCOST
By |=BA,; =B|cosvsint |. (6)
BZ sinv
Ha ocHoBe (6) 3HaUeHUs yII0B V ¥ T MOKHO BBIYUCIIHTD O PopMysam
. B B B
v =arcsin—% = arctg < . T=arctg—r.
B \/sz +By2 Bx

C yuéroM »>IeMEHTOB OpUEHTHUpOBaHMsS Oaszuca ¢dortorpapupoBanus 12
AJIEMEHTOB BHEUIHETO OPHUEHTHUPOBaHUA (D) mapbl CHUMKOB B KOOPAMHATHOW CHCTEME
OXYVYZ MOXKHO 3anucaTh B BUJE:

XSJI’ Ysﬂ, Zsﬂ, My, O, Ky, B, v, T, ®On, O, Kn. (7)

B cucreme koopamuHar S;XVYZ, napauienbHOM KOOPAWMHATHOW CHCTEME
OXVYZ, Hauano oTcu€Ta KOOPJIMHAT PACHOJIOKEHO B IIEHTPE MNPOCKIHUU JIEBOTO
CHUMKA, TMOATOMY Xs; = Ys; = Zs; = 0. B pesynpraTe misi mapbl CHUMKOB B
KOOpAMHATHOM cucTeMe S;XVYZ u3 12 371eMeHTOB BHEIIHEI0 OPUEHTHPOBAHUA
(7) He paBHBIMU HYJIIO OYYT JIE€BSIThH:

@1, o5, K1, B, v, T, on, on, Xn (8)

16. CUCTEMbBbI KOOPJIUHAT MOJIEJIM OBBEKTA.
SJIEMEHTBI B3AUMHOI'O OPUEHTHUPOBAHUS TITAPBI CHUMKOB
[Ipu mnoctpoeHun MoJeau OOBEKTAa HCIOJB3YEeTCS CHUCTeMa KOOpJIUHAT
SixmYmZm, Y KOTOpOM Hadajgo OTCY€Ta KOOPAWHAT PaCIOJIOKEHO B IICHTPE
MIPOCKITUH JIEBOTO CHUMKA, T.€. Xysa = Ymsa = Zmsa = 0. CaenoBarensHo, B CHCTEME
KOOpAMHAT MoJiesid 00beKkTa U3 12 3JI€MEHTOB OPUEHTUPOBAHUSI Maphl CHUMKOB HE
pPaBHBIMH HYJIIO OyayT AeBATh aHaaorudHo (8). UToObl OTiMYaTh MX OT 3JIECMEHTOB
BHEIITHETO OPHEHTUPOBAHUS 3THUX CHUMKOB B CHCTEME KOOPIAWHAT OOBEKTa, BBEIAEM
uHaekce "mrpux", a 6a3uc 00603HaunM OyKBO# D, T.K. ero mnHa 3amaércst B Macirade
MO/IEJIA, U OH Ha3bIBaCTCs 0a3MCOM NMPOEKTUPOBAHMSI.
o5, oy, x5, b, v, 1, o, on', kn'. 9)
Jlns oOJsieryeHuss TMOCTPOEHUS MOJIENH, PACHOJIOKEHHE Tapbl CHUMKOB B
CHUCTEME KOOPJMHAT MOJICTU 33JIal0T TaK, YTOObI YaCTh JIEMEHTOB OPUEHTHUPOBAHUS
(9) cranmm Takxke paBHbIMH HyI0. C 3TOW IICNIBIO HCIOJB3YIOT JIBE CHCTEMBI
KOOPJIMHAT MOJIENIN: OA3UCHYIO U JIEBOTO CHUMKA.
1. ba3sucnas cucrema koopamHat S;XyYyZwm (puc. 14, a) Ha3BaHa Tak
MOTOMY, YTO OCh Xy COBMeEIIEHa C 0a3uCOM MpoeKTUpoBaHMs S;Sp, a och Zy
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pacriojio’)keHa B IJIaBHOM 0a3MCHOM MJIOCKOCTH Vj JICBOTO CHUMKA, MPOBEAEHHON
yepe3 0a3uc b u rmaBHbIM onTtHdecKui ay4d Sj0y;. Ock Yy JOMOJHSIET CHCTEMY JI0
IIPaBOM.

B 0asucHoOii cucTeMe KOOpAWHAT U3 3JIEMEHTOB opueHTupoBaHus (9) mapbl
CHUMKOB PaBHBI HYJIO TPU YIJIOBBIX dJIEMEHTa OpUEHTUpOBaHUsA: @y = V' =1 = 0.
B pesynpraTe B 0a3zuCcHOM cuCTeME KOOpJMHAT AJsl Mapbl CHUMKOB YHCJIO
3JIeMEHTOB OPHMEHTHPOBAHUSI, He PABHBIX HYJII0, COKPAIIAEeTCsl 10 IEeCTH:

a.j[', Kj[', b, (DH', (X,Hl, KH'. (10)

2. Cucrema koopauHat JeBoro cHuMka SyXyYmZm (puc. 14, 6) HazBaHa
TaK, TOTOMY 4YTO OHa TMapajuiebHa CHCTEME KOOPIUHAT SyXjYnZy IEBOrO CHUMKA. Y
HEE OCh Z)y COBMEIIEHA C OCBIO Zj, @ OCH Xy M Yy NapajienbHbl OCAM Xj1 U Vi,
COOTBETCTBEHHO. B cHcTeMe KOOpJIMHAT JIEBOIO CHHMKA PaBHBI HYJIO BCE IIECTh
AJIEMEHTOB OPUEHTUPOBAHHMS JICBOTO CHUMKA: Xysy = Ymsy = Zuvsy = O’ = O’ = Ky’ =
0. CiienoBatenbHO, B 3TOM CHCTEME KOOPAMHAT M3 AJIEMEHTOB opueHTupoBaHus (9)
HE PaBHBIMH HYJIIO OYyJIeT TaK)Ke IIECTh:

b, v, ', on', on', ¥n'. (11)

Kak BumHO, B 00eux cucTeMaxX KOOPJAWHAT MOJEIH OOBEKTa AJIEMEHTHI
opueHTupoBanus (10) m (11) mapbpl CHUMKOB, HE paBHBIC HYIIO, COCTOST U3
JUHEWHOr0 3jeMeHTa (0a3uca MPOSKTHPOBAHUS b) M ISITH YIJIOBBIX 3JIEMEHTOB.
YrioBble 3j1eMeHTbI HAa3bIBAIOT 3JIeMEHTAMM B3aUMHOI0 OPHUEHTHPOBAHMS MapPbl
CHUMKOB.

17. MPOJOJIbHBIA U MOMEPEUYHBINA MAPAJIJIAKCBI

[Tpu u3mepenun crepeomnapbl KpoMe KOOPAMHAT TOUEK HCIOJIB3YIOT Pa3HOCTH
TUX KOOpPJIMHAT Ha O0OOMX CHUMKAax, Ha3blBacMble mapauiakcamu (puc. 15). Ipu
CTepeoChEMKE TOUKH 00BEKTa M300pakaroTCsl B Pa3HBIX YACTSAX JICBOTO W TPABOTO
CHUMKOB. Hampumep, Ha JIeBOM CHHMKE TOYKa 00bekTa m300pa3uiack B Touke m. B
CUCTEME KOOPJIMHAT O'jX;Yy 3TOr0 CHUMKA OHa OyJeT UMETh KOOPAUHATHI Xy, Y. Ha
IpaBOM CHUMKE Ta ke TOo4dka OoOBbeKTa M300pazujach B TOYKE m', U B CHCTEME
KOOpAMHAT 0'Xyy OHa UMEET KOOPAUHATHI Xy, Y.
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m gV
m e m'ieP *q

Vi ) A R I N

, | Yo o, Y [To koopmunartaMm Xy, Yi
0 H. | o | 0 H. | o .

Xi T Ixo[ T Xo | Xn T [x; HAHCCEM Ha mpasoM  CHHMKE
' TMoJIOKeHHe TOYKH m. CMemeHus
TOYKH mM' OTHOCHTEIHHO TOYKH M
BJIOJIb KOOPJMHATHBIX OCeil X U y

Puc. 15 ABJISIFOTCS, COOTBETCTBEHHO,
NpPoa0JbHLIM (OyKBa p) U MonmepevYHbIM (OykBa () mapauiakcaMu. VX BeIMYuHbBI
paccUuTHIBAIOT 1O opmynam: P = Xy - X, d = Y - Y-
IIpoaoabHblii mapajuiake p siBjiasieTcst 6a3ucom ¢ororpadupoBanus b B
MacurTade CbEMKHU JaHHON TOYKH. DTO BUIHO U3 HOPMYIIBI

f 1 1
H
H % m

rae B - 0asuc dororpaduposanus, H - Beicota ¢ororpadupoBanus, T - hokycHoe
paccrosinue ¢hoToKamMepsl, M - 3HAMEHATENIb MacIlITada ChEMKH.

N3 (12) cnemyer, 4TO NPOAOJbHBIN NMApaIaKC P HMEET ICPEMCHHYIO
BEJIMYMHY I10 TUIOIIAIM CHUMKA M3-3a U3MEHEHUN BBICOTHI (oTorpadupoBanus H B
3aBUCUMOCTH OT penbeda MecTHOCTH. CremoBaTenbHO, M3MEPHB Ha CTepeomnape
CHUMKOB ITPOJIOJIBHBIC MTAPAIAKChI, MOKHO PACCUMTATh BBICOTHI HA MECTHOCTH.

Yro kacaeTcs MonmepevHoro napajiakca (, TO OH BOSHHKAET U3-3a Pa3IHdns
B BEJIMYMHAX DJICMEHTOB BHEITHETO OPUEHTUPOBAHUS JICBOTO M MPABOTO CHUMKOB.

Bx = Xgy - Xs; HE U3MEHSIET KOOPAUHAT Y IO CPABHEHUIO C KOOPAMHATAMU Y
H, CJICIOBATEIHLHO, HE BBI3BIBACT MOSBIICHUS MTONIEPEUHOTO Tapaijiakca.

(12)

By f
By = Ysu - Ys; U3MEHSIET OpJIMHATHI HA TPABOM CHUMKE Ha BEJIUYUHY T :
Bz = Zs,, - Zs, u3MeHsieT MaciTad mpaBoro CHUMKa OTHOCUTEIILHO JIEBOTO.
Pa3HocTh yIiioB @y ¥ @y, Oy ¥ Oy, K1 U Ky BHI3BIBAIOT U3MEHEHUSI KOOPAUHAT
Ha CHUMKaxX OTHOCUTEJILHO APYT JpyTa.

18. TOYHOCTbBH ONNPEJAEJEHUSA KOOPAUHAT TOYEK OBBEKTA
11O USMEPEHUSM CTEPEOITIAPBI

UtoObl TONMYYUTH (POPMYJBI, MO KOTOPHIM MOXHO pPaccUUTaTh TOYHOCTh
ONpeaeNeHus] KOOpJIMHAT TOYeK c(ororpadupoBaHHOTO O0BEKTa MO H3MEPEHUSIM
cTepeonapbl, BOCHOJb3yeMcs (opMynaMu HIEaTbHOTO Cliydass a’dpOChEMKH.
NneanbHblii ciydya a3pocbEMKH MOAPA3YMEBAECT CICAYIONIME YCIOBHUS.

1. ba3uc ¢ororpadpupoBanus B mnapasuiesieH koopauHATHOH ocu X,
MO3TOMY €T0 IIPOSKINKN Ha KoopAauHaTHbIe ocu By = B, By = Bz = 0.

2. CHUMKH PacnojioKeHbl TOPU3OHTAJIBHO, T.€. YTIIbI W = Oy = Kjj = O =
og = kg = 0, U1 CUCTEMBI KOOPAWHAT JIEBOTO Sﬂxoﬂyoﬂzoﬂ Y TIPaBOTO SHXOHyOHZOH
CHUMKOB IapajuiebHbl cucteme koopauHat OXYZ oObekTa.

dopmyiibl moryduM B cucteme koopauHat SyXYZ, 1.e. Xg; = Ys, = Zs; = 0. B
dbopmynax oOmiero ciuydas a’poChEMKH TPHUPABHSIEM HYJIIO YKa3aHHBIC BBIIIIC
AJIEMEHTHI BHEIITHETO OPUEHTUPOBAHUS U MTOYIUM CIIEyIONTUe (hOPMYJIBI.
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x=BX y-B ,__Bf (13)

P p P
BuIHO, YTO TOYHOCTH BBIYMCIICHHUS TUIAHOBBIX KOOpAUHAT X W Y 3aBHUCHUT OT
TOYHOCTH M3MEPEHHS Ha CTepeornape KOOPIUHAT X, y U MPOJI0JILHOTO Mapajuiakca p, a
TOYHOCTh BBIYMCIICHUS BBICOTHI Z - TOJIBKO OT TOYHOCTH HM3MEPEHHS IPOJIOJIEHOTO
napajurakca p. C yaérom storo, npoauddepeniuposas popmyssl (10), momyanm

ax=Sax-Zap,  av=2ay-Dap,  az=lep,
p p P p? p*
HepCﬁHCM K CpCaIHUM KBaaApPaTHICCKHUM IMOTPCIIHOCTAM, Y4UUTHIBAA
B -Z H Bf 2 B%?
CIeAYIOIINE 3aMEHbl: — = — = —, =p=b wu p = —. B pesynprare
p f f' H HZ
MTOJTYYUM
H 2 X 2 2 H 2 (Y g 2 H
My =—4/M +— 1 Mm , My =—4/M + =1 m , m- =—my,
X7\ X (bj P YT\ (bj P Z7p P

rae My, My, Mz - CpeaHUe KBAAPATHUCCKUE TOTPEIIHOCTHA BBIUMCICHUS KOOPAUHAT
TOYEK OOBEKTA,
my, My, M, - cpefHHe KBaAPaTHIECKHUE IOTPEHIHOCTH M3MEPEHHs KOOPIAUHAT H
IIPOJIOJIBLHOTO MMapajiakca Ha cTepeorape,
b - 6asuc doTorpadupoBanus B MacmTade CHUMKOB.
Ecnu npuHATH, 9TO NOTPEUTHOCTH U3MEPEHUH My, My, M, IPUMEPHO PaBHBL, TO

Hmy V1+ x2 /b2 Hmy\1+y? /b Hm,

My = ; , My = - , mZ:T.

Btopeie 4neHBI MOAKOPEHHBIX BBIPAKCHUH OYIyT HWMETh MaKCHUMaJIbHBIC
BEJIMYMHBI IPU MAaKCUMAJbHBIX 3HAYEHHSIX KOOPAUHAT X U Y, T.€. MOTPEIIHOCTH My H
My OyAyT MMETh MaKCHMaJIbHbIC BEJIMYMHBI HAa TOYKAaX, PACIHOJIOKEHHBIX B YIJiax
crepeonapsl. B aTom ciywae x =y = b, u E b2
pacdéTra TOYHOCTH OMpEETICHUSI KOOPAUHAT TOoYeK CHOTOrpa@upOBaHHOTO OOBEKTA
10 U3MEPEHUSIM CTEPEOTapbl MPUHUMAIOT BUJI:

_HmX\/E m _Hrny\/E

~— =1. B pesynbrare (hopmyisl

rae myy = \/mxz +mY2 U my, = «,mxz +my2 - CpelHHE KBaJpaTUYECKHE

MOTPEIIHOCTH TJIAHOBOTO TOJIOKEHUS TOYCK Ha 0OBEKTE U Ha CTepeornape.
Ecnu npennosnoxurs, 4To:
1) CHUMKH MOJTYYEHBI B UICATLHON EHTPATbLHOM MTPOSKIINH,
2) TIOCTPOEHUE MOJICIIH 00BEKTa BBIMOJIHEHO 0€3 MOrPEeIIHOCTEH,
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3) u3MepUTENHHBIA TPUOOP HE BHOCKHII CBOHX ITOTPEITHOCTEH,

TO My, My ¥ My OyIyT MOTPENIHOCTSAMHU HABEACHUS U3MEPUTEIILHONM MapKU HA TOYKH
CTepeonapbl, 3Ha4eHHs KOTOPBIX My ® My ® My, = 5 MKM. OJHAaKO H3-332 BIUSHHA
pPa3TUYHBIX HCTOYHHUKOB, JCHCTBUS KOTOPBIX MPOSIBISIIOTCA MPU ChEMKE W TIPH
00paboTKe CHUMKOB, peajibHass TOYHOCTh U3MEPCHUSI CHUMKOB KOJIEOJETCS OT 7 10
20 MKM.

Tak, anajioroBble CHUMKH, 3a()UKCUPOBaHHBIC B hoTOKamepe Ha (GOTOIIEHKY,
MPOXOMST CHadasia (POTOXMMHUYECKYI0O OO0paboTKy, a 3aTeM CKaHUPYIOTCS Ha
crenuaibHOM — (OTOrpaMMETPUUECKOM CKaHepe. B XoJe BBIMIOJHEHHS ATHX
MPOLIECCOB MCXOJIHAsi TEOMETPUs MOCTPOCHUSI CHUMKOB TOJIBEPraeTcsi MCKaKEHUIO.
OCHOBHBIMHU UCTOYHMKAMH MCKAKEHUs sBJsieTcs negopmanust poromarepuada,
BbI3BaHHAs! «MOKPBIM» (POTOXMMHUYECKUM TMPOLECCOM MU CTapeHHeM (HOTOIUIEHKH,
€CIM OHA Tepell CKaHUPOBAHMEM XpaHWIACh KaKoe-TO BpeMs, a Takxke
HHCTPYMEHTAJIbHbIE MOTPELIHOCTH B padoTe ckanepa (cM. pazzaen 11, c. 29).

Ob0mas cymmapHasi cucremMaTuueckasi jaedpopmamusi MOXET OBITh
YCTpaHEHA IO HW3MEPCHUSM KAJTHOPOBAHHBIX KOOPAMHATHBIX METOK, KOTOPHIE
BIICUATHIBAIOTCS C MPUKIATHON pamMKu (OTOKaMEPhl Ha KaKJIbIii CHUMOK, WJIH CeTKH
KPeCcTOB, KOTOPBIC BIICYATHIBAIOTCS C MPWIKUMHOTO CTEKJIA, PACIOIOKEHHOTO B
IJIOCKOCTH ~ TPUKIATHON  pamMkud  (orokamepbl. (OcTaTouHble JIOKAJbHBIE
AeopManvu Mo MOJK CHUMKA TaKUM MYTEM HE YCTPAHSIOTCS, U OHH CHIDKAIOT
TOYHOCTH (DOTOTPAMMETPUICCKUX H3MEPEHUH.

['eometpusi mocTpoeHuss HMPPOBOro CHUMKA, IMOJIYYEHHOrO B HHUGPPOBOH
dboTokamepe, 3aBUCUT OT KadyecTBa M3TOTOBJICHUS PACIOJIOKEHHOW B (poTOKamepe
CBETOUYYBCTBUTEIIbHOW MAaTpPHIIbl, B YaCTHOCTH, €€ IIJIOCKOCTHOCTH M TOYHOCTHU
yCTaHOBKU B (poTokamepe. B Hacrosiiiee BpeMsi TOUHOCTH M3TOTOBIICHUS MAaTpPUIl U
WX YCTaHOBKM B (OoTOKamepax JIOCTATOYHO BBICOKM U OTBEUAIOT TPeOOBaHUSIM
TOYHOCTU (POTOTPAMMETPUUECKUX M3MepeHuil. Pazmep mukcesneit Matpuil udpoBbIX
dhoToKaMep, UCTIOJB3YEMBIX B a3pOChEMKE, HAXOAUTCS B IIpeaeaax ot 6 10 12 Mxm.

Ha To4HOCTh M3MEPEHHSI CHUMKOB TAK)KE BIHSICT Ka4eCTBO (GOTOrpaduIECKOTO
n300pakeHus. M3 MCTOYHWKOB, YXYIIIAIONIMX KAa4eCTBO, MOXHO BBIJICIUTH JIBA
OCHOBHBIX: HEONTHMAJIbHASI IKCIO3UIMUSI U CMAa3 M300pa’keHHsI U3-32 BUOpAIMH
dboTokamepsl H €€ TOCTYNaTeJIbHOTO JBWKCHHUS OTHOCHTEIBHO OOBEKTa.
CoBpeMeHHBIE KaMepbl, KaKk MPaBUIIO, CHA0XKEHBI aBTOMATHYSCKUMH yCTPONUCTBAMHU
BBHIOOpA ONTUMAJILHOW JKCIO3UIIMKM M KOMIIEHCAIMM cMa3a u3o0paxkeHus. OIHAKO
OCTaTOYHOE BIMSHUE dTUX HUCTOYHUKOB YXYIIAET TOYHOCTh M3MEPEHHs MU(PPOBOTO
n3o0pakenus. [IpakTUYECKUH OMBIT TMOKAa3bIBACT, YTO CPEAHUE TMOTPEUTHOCTH
U3MEPEHUsI KOOPAMHAT HU(PPOBOTO H300paKEHUS MOJDKHBI ObITh HEe Xxyxke 0,5
nukcensa. B TpOTHBHOM ciydae HY)XHO HCKaTh MPUYUHY HAPYIICHUS TEOMETPHUH
MTOCTPOCHMS ITU(PPOBOr0 H300pAKECHUS.

19. TEXHOJIOTUYECKAS CXEMA
CTEPEO®OTOTPAMMETPUYECKON CBEMKHU
B Hactosimiee BpeMsi OCHOBHBIM BHJIOM cOopa 1udpoBoil U rpadudeckoit
uHpopmaruu 00 00BbeKTE 1o ero H300paKeHUSIM SIBJISIETCS
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crepeodoTorpammerpuyeckasi cbémMka (B Tomorpaguum OHa  Ha3bIBACTCSA
crepeodoroTonorpaduueckoii), TeXHOJIOTHYECKass cXeMa KOTOpOHM MpuBEAcHA Ha
puc. 16. Ha TexHoyiorMueckoil cxeme IOKa3aHbl YKPYMHEHHBIE Mpolecchl (B
YTONMIEHHBIX paMKax) W BUJ MPOAYKUMHU (B TOHKHX paMKax), IepeaaBacMoiu
(moka3aHbl CTpeJIKaMHu) W3 OJIHOTrO Mpoliecca B Apyroi. Jlajmee narorcs KpaTKue
MOSICHEHUS KaKJIOTO MpoLecca.

Toukm rocygapcrBenHoii reoae3uveckoii cerm (I'TC) - myHKTHI
TPUAHTYJISIIUM, HUBEIUPOBAHUS, MOJUTOHOMETPUU - HCIOJB3YIOT B KadyeCTBE
OMOPHBIX TOYEK MPHU CO3AAHUU CHEMOYHOTO OOOCHOBAHMS U (POTOrPAMMETPHUYECKON
oOpaboTke cHUMKOB. [Ipum ChbEéMKE WHXKEHEPHBIX, APXUTEKTYPHBIX H APYTHX
COOpPYKEHUI B KAadyeCTBE OMNOPHBIX TOYEK HCIIOJIB3YIOT 3aMapKUPOBAHHBIE TOYKH,
KOOpPJIMHATBl KOTOPBIX OINPEACISIIOT TEOAC3UYECKUMUA HU3MEPEHHUSIMH B CHCTEME
KOOpAMHAT AaHHOTO coopyxenus wm ['TC.
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(MB) peabeda (LIMP) KamepanbHoe
aemuppupoBanue
Koopaunater Toyex Koopaunatsl Todek -
10BEPXHOCTH MTOBEPXHOCTH BekropHslii BUJI KOHTYPOB,
MECTHOCTH MECTHOCTIL pe3yabTaThl CEMAHTUYECKOTO
KOJUPOBaHUS
A
OprodororpanchopmupoBanue IHocTpoenue
CHUMKOB TOPM30HTAJIeH
TpanchopmupoBaHHbIE \
N300paKCHUS

PenakTupoBanue u
opopmienue uudppoBoro

MonTunposanue OPUI'MHAJIa KapThl
OpTOpoTONIAHA Opurunai KkapTel B
OprodoTrorian U poBoii hopme
L ()
CbeMKa KOHTYPOB. Bank ungposoii
R KaMmepaibHoe TOMOrpapu4ecKon
nemu(ppupoBanue unpopmaunn (BLTH)
Kapra IHoab3oBarTennb
BekropHblll BUJI KOHTYPOB, B poBoit hopme d KapToii
pe3yJIbTaThl CEMAaHTHUYECKOIO
KOJIUPOBAHUA Puc. 16

CHUMKH, T@OJYyYeHHbIE MPH a3p0-, HA3EMHON MJIM KOCMHUYECKOM
(oTocbéMKe, UCTIONIB3YIOT MPHU MOJIEBOM JEHIM(GPUPOBAHUM, CO3JaHUU CHEMOUYHOTO
o0ocHOBaHMS U Mpu (HOTOTpaMMETPUUECKON 00paboTke CHUMKOB. Eciu Bo Bpems
MPOBEICHUS] ChEMKHM HCIOJIb30BANIACh CIIYTHUKOBAsi HaBUTAI[MOHHAs CHCTEMa, TO
NOJIy4YeHHbIE KOOPAMHATBl LEHTPOB MPOEKIMHM CHUMKOB MCHOJB3YIOT IpHU
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MOCTPOEHUU CeTel (POTOTPHAHTYNANMM B KA4ECTBE JIOMOJHUTEIHHBIX OMOPHBIX
TOYEK.

T.x. mynktsl I'T'C pacrionaraioTcsi JOBOJIBHO Pa3peKEHHO, UX JOMOJIHSIOT
TOYKAMH ChEMOYHOI0 000CHOBaHMS (IJIAHOBBIMH M BbICOTHBIMH OIIO3HAKAMM)
Uit O0ecrieYeHHs] OMOPHBIMHU TOYKAMH  IOCJEAYIOIIEr0 MOCTPOEHUs CeTel
¢ororpuanrynasiumu. IIpoekTupoBaHue KOJWYECTBA M PACIHOJOKEHHS OIMO3HAKOB
MPOU3BOAAT C YYETOM MaciTaba co3JaBaeMOM KapThl, YCTAHOBJICHHOW BBICOTHI
ceueHus penbeda ¥ TOUHOCTH (POTOTPAMMETPUUYECKOTO CTYIICHUS.

Ecnmu texHomorusi chEMOYHOTO OOOCHOBAHMS MPEIINOJIAracT MAPKHPOBKY
OM03HAKOB HA MECTHOCTH, TO 3TOT MPOIIECC BBIMOIHAIOT 10 a3POCHEMKHU. TOYHOCTH
HaBEJICHUS U3MEPUTEIILHON MapKHi Ha TOYKA CHUMKA, MAaPKAPOBAaHHBIC HA MECTHOCTH
i 00BEKTe, BBINIE, YeM Ha TOYKH, MApPKUPOBAHHBIC HETIOCPEACTBEHHO HA CHUMKaX,
WM Ha KOHTYpHbIE TOYKM CHHUMKOB. Ilpu »TomM Hamnyumuid sddexr Oyaet
JIOCTUTHYT, €CJTU TOYKH MECTHOCTH (00BbeKTa) OyAyT MOKpalleHbl KPACKOM, JaroIiei
MaKCUMaJIbHOE OTPAKEHHUE CBETa B TOW 30HE CIEKTpa, JUIsi KOTOpOH abeppaiuu y
oOBbekTHBa (OTOKaAMEPHI CBEJICHBI 10 MUHUMYyMa.

JanbHeilne mpouecchbl CBA3aHbI ¢ (OTOrpaMMeTpUYeCKOd 00padoTKOM
CHMMKOB, KOTOpas HAaYMHACTCS C TMOCTPOCHUS ceTH (POTOTPUAHTYJIAUMHU, €CIIU
UMEIOTCS JIBE€ WM 0oJiee TOCIe0BaTeNIbHBIX CTEPEOIaphl, a TAKXKE JIBa MapIIpyTa U
oonbire. Ecnmu ke mMMeeTcs TOJABKO OJHA cTepeomapa, To npu e€ o00paboTke
MPAKTUYECKHA BBITIOJHSIOTCS TOYTH T€ K€ IMPOIECCHI, YTO TMPH TOCTPOCHHUH CETH
doToTpuanrynsuuu. bonee cyllecTBEHHOE OTIMYME B (POTOrpaMMETPUYECKON
00paboTKe OAMHOYHOro cHMMKAa. C y4€TOoM 3TOro B CleQyrOUMX Mmaparpadax
JAI0TCS  TOCJEOBATENbHO TMOSICHEHUs O (OTOTpUAHTYysUMU, 00 oOpaboTke
OJIMHOYHOM cTepeonapsl U 00 00paboTKe OJMHOYHOTO CHUMKA.

I[lo  oxoHuanuu  (ororpaMMeTpUUecKoil  OOpabOTKM  BBINOJHSIETCS
pelaKkTHpoBaHMe U oopmiieHHe HU(PPOBOIro OPUTMHAIA KAPTHI, TIOCIE YETO OH
ornpasisierca B O0aHk uudposoit Tomorpaduyeckoit uHpopmanuu (BLTHN).
[Mudposas kapta xpanurcs Ha MamuHHOM HOocuTene B BI[TU B macmtabe 1:1, T.e. B
HATypaJbHBIX pa3Mepax, B OCHOBHOM, B MeTpax. E€ TOYHOCTh IOJDKHA
COOTBETCTBOBATh TOYHOCTH HauOOJIee KPYMHOMACIITaOHOW KapThl B TpaduyueckoM
BUJIC, KOTOPYI0 MOXKHO C€O3/1aTh 1O JaHHBIM cHUMKaM. Ilojib3oBaTenb kapToi
npuodpetaeT €€ B BI[TU B nudposoit hopme u cOOCTBEHHBIMH CPEJCTBAMU JETACT
TUPaX B HY)KHOM KOJTMYECTBE WIJIH 3aKa3bIBAET 3TOT TUPAK.

20. ®POTOTPUAHIYJIALIUA

@OTOTPHAHTYJISUMID  HCHOJB3YIOT IS ONpedeJeHUsl  3JeMEHTOB
BHellIHero opuenTupoBanusi (IBO) kaka0ro CHUMKA, KOTOphie ObUIM B MOMEHT
CbEMKH. DTH 3JeMEHThI (CM. pasgenbl 14 u 15) 3a7ar0T OpHUEHTAIMI0 CUCTEM
KOOpAMHAT CHUMKOB B CHUCTEME KOOPAMHAT MECTHOCTH (00BEKTa) U TEM CaMbIM
00€eCIeunBalOT BBIMOTHEHUE MOCIEAYIOMUX TPOIEecCOB 00pabOTKH CHUMKOB. Eciu
BO BpeMsI CbEMKH MCHOJIb3YeTCs CyTHUKOBas: HaBuraunonHasa cucrema (I'JIOHACC
uwmn GPS), to omnpenenénnsie ¢ momompio HeE DBO CHUMKOB HCHOJIB3YIOT TMPHU
nocTpoeHuu cetd  GotoTpuanryiasuuu. Ecnu  TouHocTh ompeneneHus OBO
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YIOBIIETBOPSIET TOYHOCTH MOCTPOCHUS C€TH (DOTOTPUAHTYIISIIANA, TO UX HCTIOIB3YIOT
B KadecTBe omopHo mHpopmaruu. Ecin ke HeT, TO UX HCHOJIb3YIOT B KauecTBE
UCXOJIHBIX, MPUOIMKEHHBIX 3HaUeHUW. B 3TOM citydyae, yToObl KOOpJAWHATHI TOYEK
ceTH (POTOTPUAHTYNSAIMK OBUIM TOJY4YEHbl B CHCTEME KOOPJAMHAT OOBEKTa
(MecTHOCTH), HEOOXOJUMO Ha OOBEKTE B €ro CHCTEeME KOOPAMHAT W3MEpPHUTH
KOOpPJIMHATHI TOYEK, KOTOPble B (POTOTPUAHTYJISIIMOHHOW CeTU OyAyT BBINOJHATH
POJIb ONOPHBIX U KOHTPOJIBHBIX TOYEK.

B 3aBucuMocTd OT ymnclia a3pOChEMOYHBIX MapIIPyTOB, UCIOIB3YEMbBIX IMPU
MOCTPOCHUM ceTel (DOTOTPUAHTYIIAIMU, OHA MOJAPA3ACISIETCS Ha MAPIIPYTHYIO
(0OIHOMApUIPYTHYIO) 151 0J10YHY10 (MHOTOMApUIPYTHYIO). bnounas
(bOTOTpUAHTYJISIUS  CTPOUTCS MO JABYM u Oosee Mapmpytam. OHa wuMeeT
MPEUMYIIECTBO MEpPe]l MAPIUIPYTHOM CEThIO, T.K. JUIsl €€ BHEIIHEr0 OPUEHTUPOBAHUS
0011lee YKCIIO OMOPHBIX TOUYEK U UX TYCTOTA PACIOJIOKEHUS OYIyT MEHBIIIE, YEM MPU
MIOCTPOCHUM Ha TY K€ IUIOIIAAb MAPUIPYTHBIX CETEH.

Jnst moctpoeHust cetel  (QPOTOTPHAHTYNSIIMM  CTaHAAPTHOE MPOAOJILHOE
MEPEKPHITUE CHUMKOB JOJDKHO COCTaBIATh B cpeaHeM 60%, a momepeyHoe - B
cpenaeM 30-40%. B oTaenbHBIX cilydyasix [JIs HOBBIIMICHUS TOYHOCTH IMOCTPOEHUS
OJIOYHBIX ceTed CBEMKY BBIMOJHAIOT TPU OJMHAKOBBIX (B cpenHem 60%)
MPOJIOJIBHOM U MTOMEPEYHOM NEPEKPHITUSX.

Jist moctpoeHust cered  (POTOTPUAHTYNAIMHM MCHOJB3YIOT TpHU Ccrocoba:
HE3aBUCUMBIX MOJI€JICH, HE3aBUCUMBIX MapIIPYTOB U CBSI30K. CrocoO He3aBMCHMBIX
MojJesieil TOAPAa3yMeBaeT CIEAYIOIMKA NOpsSaok AcvctBuid. [lo  oTaenbHbIM
cTepeonapam CTPOST MOJIETH, HE3aBUCUMBIE JIPYT OT JApyra. 3aTeéM UX COCIUHSIOT B
oOmyro Mojenb (0JI0K), HCIOJIB3YySl MeKMO/ieJIbHbIEe CBA3YIOLINE TOYKH,
PaCIlOJIOKEHHBIE B Tpefeiax NpPOJOJbHBIX MEXKMOACIBHBIX MEPEKPBITUIX, MU
MeKMAPHIPYTHbIE CBSI3YIONIHE TOYKH, PACIOJNOKEHHBIE B Mpe/eaax MONepeyHbIX
MEKMAapIIPYTHBIX MEPEKPBITHSIX. B pe3ynbpTare MoiaydarT CBOOOJHYKH CeTh, T.C.
CEeTh B MaciiTade, OJIM3KOM K 3aJJaHHOMY, U C IPUMEPHON OPUEHTUPOBKOM B CHCTEME
KOOpJIMHAT O00BEKTA. 3aT€M BBITIOJHSIOT BHEITHEE OPUEHTUPOBAHUE W YPABHUBAHUE
CBOOOJHOW ceT Mo OmopHbIM ToukaMm. Croco0 He3aBHCMMBIX MAapIIPYTOB
3aKJIF0YAEeTCsl B TOM, YTO CBOOOJHBIE CETH CTPOST B IMpEJeiax MapUIpyTOB, a 3aTeM
0 MEKMAPHIPYTHBIM CBSI3YIOIMM TOYKAM COCIUHSIOT WX B OJIOK, KOTOPBIMA
BHEIIIHE OPUEHTHPYIOT M YPAaBHUBAIOT MO OMOPHbIM ToukaM. Cnocod CBSI30K
MO3BOJIIET MOCTPOUTH, OPUCHTUPOBATh M YPaBHATH CETh OJHOBPEMEHHO IO BCEM
CHUMKaM 0€3 MOCTPOEHUSI MOJICIICH.

Jls mpuMepa pacCMOTPUM TEXHOJIOTHYECKYI0 cxemy (puc. 17), cocTaBieHHYIO
U3 YKPYHNHEHHBIX MPOIIECCOB, BXOJAIIMX B MOCTPOCHHS ceTe (OTOTpHAHTYIISIIUU
cnoco0OM HE3aBUCHUMBIX MOJIEJIEN WJIN CIIOCOOOM CBSA30K.

IMoaroroBuTebHBIE PA0OTHI BKIIOYAIOT MOJYYCHUE UM M3YYCHUE UCXOJHBIX
MaTepHayioB, a Tak)Ke MOATOTOBKY Mpubopa K padore.

HcxoaHbIMU MaTepHAJIaAMU SIBIISIOTCS

1) mMaTepHadbl a3P0-, KOCMHYECKOH HJIM HA3eMHOH CHLEMKH, B KauyeCTBE
KOTOPBIX MOTYT OBITh YEPHO-OEIIbIE, IIBETHBIC WM CIEKTPO30HAIbHBIE CHUMKH. J1Jist
L®PC onn nomKkHBI OBITH 3anTCaHbl B IU(POBOH (popMe HA STEKTPOHHOM HOCHUTEIE C
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BayTtpennee opueHTHpPOBAHUE CHUMKOB
(n1st T ppOBBIX CHUMKOB ATOT MPOIIECC HE BBITOTHASTCS )

| Cnocod I I
| He3aBHCHMBIX MojeJiei ]|

HesaBucumoe nmoctpoeHue Moieneit
0 KaXJI0# cTepeornape <
(B3aMMHOE OPUEHTHUPOBAHNE CHUMKOB)

N3mepenue Ha ctepeonapax
TOYEK, BKIIFOUAEMBIX B CETh

\ 4
CoennHenne MOJIENEN 1O CBI3YIOIIUM
TOYKaM B €TUHYIO MOJICITb
(mocTpoenue cBOOOIHOI ceTH)

\ 4
[Toctpoenue cetu, BHELTHEE
OpUEHTUPOBAHUE U YPABHUBAHUE
CCTHU I10 OIMOPHBIM TOYKaM,
OILIEHKa TOYHOCTHU MOCTPOEHUS CETU

Bheninee opueHTUPOBAHUE U YPABHUBAHUE CETH 110 KOHTPOJIBHBIM TOYKaM
IO OMMOPHBIM TOYKaM U OIICHKAa TOYHOCTHU
MMOCTPOCHUS CCTU IO KOHTPOJBbHBIM TOUYKaAM PHC' 17

MOMOILBIO  (POTOrPaMMETPUUYECKOTO CKAHEpa, HMMEIOLIEro CTAOMJIbHBIA 3IIEMEHT
r€OMETPUYECKOr0 pa3peuieHus nopsiaka 8-15 MKM UM HHCTPYMEHTAIbHYIO
norpenHocT He Oosee 3-5 mMkM. CKaHUpPOBAaHWE CHUMKOB BBITIOJNHSIOT B TOM
MopsiIke, B KakoM OHU OyayT oOpabarbiBaTbCs, HE JOIMyCKash WX pa3BoOpoTa
OTHOCUTEJIBHO CHCTEMBl KOODJMHAT CKaHepa M coOJonas B TpeAesiax KaxJaoro
MapuipyTa uX OpUeHTUPOBKY OTHOCUTEILHO MECTHOCTH;

2) macnopTHbIe AaHHbIe (OoTOKaMepbl: POKYCHOE PACCTOSHHE, PACCTOSHHS
MEXIy KOOPJAWHATHBIMA METKAaMH WM KOOPJIWHATHI 3THX METOK, JaHHBIE O
JTUCTOPCUU O00BEeKTHBA (DOTOKAMEPHI U JPYrue JaHHBIC MPU MCIOJb30BAHUM HE
KaJIpOBBIX (hoTOKaMeEp;

3) 3HaveHue BBICOTHI (oTorpadupoBaHusi HaJ CpPEAHEH IJIOCKOCTHIO
y4acTKa MECTHOCTH UJIM 3HAYeHHe CPeJHero Macimrada CHUMKOB;

4) »jeMeHTHl BHEIIHEr0 OPHEHTHPOBAHHMA CHUMKOB, €CJIM OHH OBLIH
omnpesenensl Bo BpeMs chéMku (manubie [JIOHACC nunu GPS);

5) marepuayibl IUIAHOBO-BBICOTHOH TOJATOTOBKHM CHHUMKOB. K HuM
OTHOCATCS: KaTaJIOT KOOPJUHAT OTMOPHBIX TOYEK, KOHTAKTHHIE OTIIEYATKU CHUMKOB C
MapKUPOBAaHHBIMH  OMOPHBIMH W  KOHTPOJBHBIMH TOYKaMHU M  ONHUCAHUSA
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PACIIOJIOKEHUS ITUX TOYEK;

6) MaTepuaNbI MOJIEBOT0 U KaMePaJIbHOI0 eI (pPUPOBAHUSI;

7) pelakUHOHHBbIe YKa3aHWUsI W  BeIOMCTBEHHbIe  MAaTepPHAJbI
KapTorpagu4eckoro Ha3Ha4eHus;

8) yrounéHHble (oTocxeMbl WJIM CHUMKH, YBeJIHYEHHBbIE JI0 MacCIITada
COCTABJISIEMOIl KapThl C TMOJNUCAHHBIMU TeorpapuYecKMMU Ha3BAHUSIMU U
XapaKTEepPUCTUKAMU TOMOTPpaPUUIECKUX 0OBEKTOB.

Bmecte ¢ MCXOAHBIMM  MaTepHajiaMd  KHCIOJIB3YIOT  HMHCTPYKUMH,
HACTABJICHHS], PYKOBOJACTBA, YCJIOBHble¢ 3HAKH MW [Jpyrue JOKYMEHTHI,
Kacawluuecs TEXHOJOTMH NMPOBeIeHus padoT.

[lepen nauanom pabotsl Ha LHHDC onepaTop 3a1aéT padbo4yio JUPEKTOPHIO,
a TakiKe JUPEKTOPHMIO JJIfl XpPAHEHHUs] APXUBHBIX Konuid ¢GaiiioB, cogepKaMX
pe3yJbrarsl 00padoTku. OmnepaTtop BBOAUT B MaMATh KOMIIBIOTEPA HCXOJHBIC
JTAaHHBIE, 3alKUChIBasi UX B COOTBETCTBYIOIIME (aitnbl. Kpome TOro, oH 3amuchiBaeT
JONMYCTUMYIO BEJIIMYMHY OCTAaTOYHBIX TMOINEPEYHBIX MapaJUIaKCOB, JIOIYCTUMBbIE
pacxoKAeHUSI KOOPAUHAT HAa OMOPHBIX U KOHTPOJIBHBIX TOYKAX.

21. DPOTOI'PAMMETPHUYECKASA OBPABOTKA
OJIMHOYHOM CTEPEOIIAPHI

Ha puc. 18 npuBeneHa TeXHOJOTUYECKAsI CXeMa U3 YKPYMHEHHBIX MPOLIECCOB
dboTorpamMmeTprudecKoi 00pabOTKH OJJMHOYHOMN CTEPEOaphI.

[Topsimok BBIMOJHEHUSI BHYTPEHHEr0 OPHEHTHPOBAHMSI B OOIIMX dYepTax
cineayromuii. BHayane onepatop u3MepseT Ha CHUMKE KOOPAMHATHI KOOPAMHATHBIX
METOK, a 3aTe€M BKJIIOYAET MPOIECC BBIYUCICHUN, B XOJI€ BBIMOJHEHHUS KOTOPOTO
OTPENENSAIOTCS  AJIEMEHThl  OPUEHTHUPOBAHMUSI  CHUCTEMBbl  KOOPJMHAT CHUMKaA
OTHOCHUTEJILHO CUCTEMBbI KOOPAUHAT CKaHepa. Mcrnonb3ys uX BEIUYUHBI, U3MEpPsiEMbIE
KOOPAMHAThl TOYEK CHUMKA MEPECUUTHIBAIOTCS B CUCTEMY KOOPJIMHAT CHHUMKA C
HayajoM B €ro LeHTpe npoekiuu. [Ipm 3ToM B KOOpAMHATHI BBOJATCS MOMPAaBKH,
YUUTHIBAIOIIKE JehOpMaIi0 CHUMKA U JUCTOPCUI0 OOBEKTHBA ChEMOYHOM KaMephl.
[Io OKOHYAaHMM BBIYMCIECHUW HA B3KpaHE UCIUIeS BBICBEUHMBAIOTCS IOJTYyYECHHBIC
pe3yabTartbl. BHYTpEHHEE OpUEHTHPOBAHUE CUYMTAETCAd 3aKOHUYECHHBIM IpU
PACXOXKICHUSAX U3MEPEHHBIX BEJIMYMH OT MX MACIOPTHBIX 3HAYEHHI B Mpelenax
pa3Mepa MUKcels, ¢ KOTOPhIM ObLT MOJTy4YeH IU(POBOI CHUMOK.

IocTpoeHnne reoMeTpuvecKkoii Mojeu 00beKTa (B3aMMHOE OPUCHTUPOBAHUE
CHHUMKOB). Y CJIOBHE MMOCTPOCHUS ITOM MOJIEIHN 3aKJIF0YAeTCsS B TOM, YTO OCTATOYHBIC
MonepeyHbie Mapajlakchl (IBOCHHE MapKu MOMEpEK Tia3Horo Oasuca) B Mpejaesiax
cTepeonapbl HE JOJDKHBI MPEBBINIATH JOMYCTUMON BEIMYMHBL. B X071 BBIMOJHEHUS
ATOTO TMpOIEcca HM3MEPSIIOT KOOPJAWHATHI IIECTH, JABEHAIIATH (JIBE PAAOM) WIH
BOCEMHAAIATH (TpU PAAOM) TOUEK, PACIOJIOKEHHBIX B yIyiax pabodeit IIomaau
cTepeonapbl U paiioOHax IIaBHBIX TOUEK CHUMKOB (cM. pazzaen 9). 3Mepenus Moxer
BBITIOJIHATh C HCIOJB30BAHUEM KOPPEISITOpA WM CTEPEOM3MEPEHUM, a TaKKe
BKJIFOUMB aBTOMATUUYECKUM pexxuM. [1o 3aBepiieHnn u3MepeHnil TOUEK BBITOJIHACTCS
MPOIIECC BBIUMCIICHHS, U HA 3KpPaHE NUCIUICS] BHICBEUMBAIOTCS 3HAYCHHS JIEMEHTOB
B3aMMHOTO OpPHUEHTUPOBAHUS CHUMKOB, BEJIWYMHBI OCTATOYHBIX TOMEPEUYHBIX
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IMoaroroBuTe/ILHBIE PAGOTHI

dbopmarun

v

MaTepUajoB
OTIOPHOU WUH

[Tonydyenue ncxoaHbIX
[IpeobpazoBanue
(hOTOCHMMKOB B IIU(PPOBYIO
(dbopMy Ha ckaHepe
BBeneHnne CHUMKOB
B KOMITBIOTEP
DopMUpPOBaHHUE MPOCKTA
Ha KOMITbIOTEpE
dopmupoBanue (aiina
dopmupoBanue daitna
napaMeTpoB (poTokamepbl

IlocTpoenne U OpueHTHPOBAHKNE MO/IEIH 00bEKTA

BHyTpeHHee opueHTHpOBaHNE CHUMKOB

(m71st TPOBBIX CHUMKOB 3TOT MPOIIECC HE BHITTOIHSIIETCS)

Bsanmnoe OpPHUECHTUPOBAHUC CHUMKOB
(moctpoeHue Mojienu 00BEKTa)

Bremntaee OPHUCHTHPOBAHUC MOJACIIN

v
Cbemka penabeda Co3nanue oromniana CbeMKa KOHTYpPOB
Tpaccuposanue | | [ToctpoeHue | | » IToctpoenue MB U KamMepaJibHOe
-
TOpU30HTAJIEN IMP 7 aemMppupoBaHue
v OptodoroTpanc-
[TocTpoenue (opmuposarue
TOPU30HTAJIEH U ¢
peIaKTHPOBAHUE MoHTupoBaHue
WX TIOJIOKCHHI ¢doToriana
\ 4

ud¢posas xapra

Puc. 18

napajylakcoB Ha Kaxaoh Touke. B3amMHoe OpHeHTHPOBaHUE CUYMTAETCS
3aKOHYEHHBIM, €CJI OCTATOYHBIC TOTIEPEYHBIC MapaJIIAKChl HE MPEBHIMAOT 15 MKM
IIPY CPETHEN BEIIMUMHE MOPSAJIKA 7 MKM.

3aKoHYHB B3aMMHOE OpUEHTUPOBAHMUE, BBITIOJTHSFOT BHeIIIHEe
OpPUEHTHPOBaHMeE MOAeIN. B X0/1¢ BBIIOTHEHUS ATOTO MpoIlecca MOAEIb MPUBOIAT
K HY)KHOMY MaciliTaly U OpUEHTUPYIOT B CHUCTEME KOOpJIUHAT 00bekTa. (s 3Toro
HEOOXOJMMO HMMETh MHUHHUMYM TPH OTOPHBIC TOYKH C HW3BECTHBIMH B CHCTEMEC
KOOpAMHAT O0BEKTa KoopJauHaTamu. [l KOHTposisi OepyT 4YeTBEPTYIO TOUKY,
KOTOPYIO MOKHO HMCIOJIb30BaTh KaK KOHTPOJIbHYIO. TOYKU JOJKHBI pacroyaratbCs B
yriaax pabodeit muromamu crepeonapbl (cMm. pasmen 9). Hammuue Gosbliero umcia
OIIOPHBIX TOYEK ITO3BOJISICT IMMOBBICUTH TOYHOCTHh BHEITHETO OPUCHTUPOBAHMS MOJICIIH
Y BBITIOJIHUTH BBIYHCIICHUS C UCIIOJIH30BAaHMEM METO/Ia HAUMEHBINX KBaapaToB. [1o

49



OKOHYaHUU U3MEPEHUSI ONOPHBIX U KOHTPOJBHBIX TOYEK BBIMOJHSIOTCS BHIYUCICHUS.
[Tocne ux 3aBEpIIEHWH HA DKPAHE JUCIUIES BBICBEYMBAIOTCS SJIEMEHTHI BHEIIHETO
OpPUEHTUPOBAHUSI CHUMKOB, BEJIIMYMHBI OCTATOYHBIX PACXOXKICHUI KOOPAMHAT Ha
OTNIOPHBIX U KOHTPOJIbHBIX TOYKAX, XapaKTEPU3YIOIIUE TOYHOCTh OPHEHTHUPOBAHUS
MOJIEJIN B CUCTEME KOOPJIMHAT 00BEKTA.

BHelmHee opueHTHPOBAHHME MOIEIN CHUTACTCSH 3aKOHYEHHbIM, KOT/1a:

- Ha ONMOPHBIX TOYKAX OCTATOYHBIC PACXOXKJICHHUSA IUIAHOBBIX KOOPJMHAT
ctanyT MeHbIe 0,2 MM B MaciiTabe KapThl, a BBICOT - MeHbIIE 0,2 BBICOTHI CEUEHUS
penbeda;

- HA KOHTPOJIbHBIX TOYKAX OCTATOYHBIC PACXOXKAECHUS IUIAHOBBIX KOOPJAUHAT
ctanyT mMeHbIe 0,3 MM B MacmTabe KapThl, a BBICOT - MeHbIIE 0,3 BBICOTHI CeUeHUS
penbeda.

[Tocnie 3aBepiieHUsI TOCTPOCHUS U OPUECHTUPOBAHUS MOJEIM BCE JJIEMEHTHI
OpPUEHTUPOBAHUS 3aMMCHIBAIOTCS B MaMATH KOMIIBIOTEpa, WU OINEpaTop MOXKET
MPUCTYIATh K cOopy 1udpoBoit nHGopManuu 06 0OBEKTE.

22. DPOTOI'PAMMETPHUYECKASA OBPABOTKA
OINHOYHOI'O CHUMKA
Ha puc. 19 mnpuBenena texHosiormueckass cxemMa (OTOrpaMMETPUUECKON
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OpueHTHpPOBaHHE CHUMKA

BuyTpeHHee opueHTHpOBaHUE CHUMKA
(151 LMPPOBOTO CHUMKA ITOT MPOLIECC HE BBIMOIHSIETCS)

v

Buemnee OpPUCHTUPOBAHHUC CHUMKaA

A

[Toctpoenne MB, 0
HCTIONB3 Y /v pTodororpanchopmMupoBanue
TOPU30HTAIH
Ha KapTe CheMKa KOHTYPOB H KaMepaJibHoe
Aemin(ppUpoBaHHE HA
Puc. 19 TpaHcGOPMHUPOBAHHOM CHUMKE

00pabOTKHM OJIMHOYHOTO CHUMKA, B pe3yJbTaTe KOTOPOH MOXKHO CO37aTh (DOTOIUIAH U
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BBIIIOJIHUTB 110 HEMY CBhEMKY (BEKTOPH3aLMI0) KOHTYpOB. Takoil BapuaHT BO3MOXKEH
JUIsL OTKPBITOM pPAaBHUHHO-BCXOJIMJICHHOW MECTHOCTH IIPU HAJIWM4YMKM HACEJIEHHBIX
IIYHKTOB C MaJIOATaKHOM 3aCTPOUKOM.

[TonroroBuTenbHbIE PAaOOTHI BBIOJHAIOTCSA TaK K€, Kak U U ABYX U Ooiiee
CHUMKOB. BHyTpeHHEE OpUEHTHPOBAaHHE CHUMKA TAK)KE BBIIOJIHAETCS aHAJIOTUYHO,
Kak ¥ 1Opu OosblIeM KOJIMYECTBE CHUMKOB. IIpu BBIIOJHEHHM BHEIIHETO
OPUEHTHUPOBAHUS Ha CHHUMKE H3MEPSIOT TOJBKO IUIAHOBBIE KOOPAWHATHI U
BBIYMCIICHHSI OPUEHTAIIMM CHHUMKA B MPOCTPAHCTBE BBINOJHAKOT MO (popmynaM s
OJIMHOYHOT'O CHUMKA.

Hnsa  optodororpaHchOpMUPOBAaHUS HCHOJB3YyEeTCS Mporpamma, KoTopas
UCIIOJIB3YETCSl U TIPU OOJIBILIEM KOJIMYECTBE CHUMKE. OTIMYME COCTOUT B TOM, YTO
JMHUM pa3pe3a He HaMEYaroT, a YKa3bIBAIOT IUIOLIA/b, B MPEAEIaX KOTOPOU HYKHO
BBIIIOJIHUTH OpTOPOTOTpaHCPopMupoBanue. OObIYHO 3TO padoyas MIOLAAb CHUMKA.
Uro Kacaercs MaTpHIBI BBICOT, TO OHA CO3MAETCS OTAEIBHO, T.K. [0 OAHOMY CHHUMKY
HEJb3 U3MEPUTH BBICOTBI HA MECTHOCTH. JlJIsl €€ MOCTPOEHUSI MOKHO MCIIOJIb30BaTh
KapTy MEHBUIEro MaciuTada, 4em npeanoiaaraeMelii MacuTad TpaHc(pOpMHUPOBAHHOTO
n3o00paxenust. C KapThl CKAHUPYIOT TOPU30HTANHN, U TI0 HUM CTPOSIT MATPHILY BBICOT.

[ToryuuB TpaHCPOpMUPOBAHHOE H300pak€HUE, OINEpaTOp MPUCTYMAET K
CbEMKE KOHTYpOB (MX BekTopusanuu). OCOOEHHOCTb COCTOUT B TOM, YTO KOHTYPbI
O0BEKTOB JOJKHBI COBIAJaTh C OPTOrOHAIBHOM MPOEKIUEH, KaKk 3TO TpedyeTcs npu
co3ganuu 1aHoB (kapt). [Ipexne Bcero, 3To Kacaercst cTpoeHuid. MIx ouepumBaror
10 KpbILIaM, a 3aT€M CMEUIAIOT Ha MOJIOKEHUE BUAMMOrO OCHOBAHHUS 3aHUS.

23. MU®POBAS MOJIEJIb PEJIBE®A MECTHOCTMU.
MATPUIA BBICOT

Hudposas moaensb peabeda (IIMP) - 510 HEOTheMIIEMass YacTh HU(PPOBOH
kapTtel win uudpoBoii  Momesm MectHoctm (LIMM), rae  o0beKTOM
«MOJIeTUPOBAHUS» sABJIsieTCsl pejibed) MecTHOCTH. VicxoaHoi mHopmarmen st
CO3J/IaHUS TAKOW MOJICTH SIBJISTFOTCSI ChEMOUYHBIC MTUKETHBIC TOUKH C T€0/IC3HUSCKUMU
koopauHataMu X, Y, Z U CTPYKTYpPHbIe JHHUM pejbeda, BEPIIMHBI KOTOPHIX
umeroT koopauHatel X, Y, Z. Cama mo cebe 3Ta ucxomHas WH(pOpMAIUs SBISICTCS
MOJICTIbI0 penbeda HEeperyaspHOW CTPYKTypbl. B HacTosimiee Bpemsl H3BECTHBI
CJIEIyIONTME UCTOUYHUKHN UCXOAHOM nH(OopMaIuu o penbede:

- Ha3eMHas Tornorpadguveckas chbEMKa,

- (Qotorpammerpruueckuii MeToj; 0OpabOTKU cTepeornap a’pOKOCMUYECKOU
CBhEMKH,

- TaHHBIC BO3AYITHOTO JIA3EPHOT'O CKAaHUPOBAHHSI,

- paaroJIOKaMOHHAs HHTEPHEPOMETPHSI.

KadecTBO moslydeHHOW OJHUM W3 TEPEUYHMCIICHHBIX CITOCO00B MH(MOPMAIMH O
penbede 3aBUCUT OT COOTBETCTBHS TUIOTHOCTH THKETOB HM3MEHCHHIO XapakKTepa
penbeda, HATUIHUIO CTPYKTYPHBIX JIMHUH B TIepecedeHHON MecTHOCTH. CTPYKTYpHBIC
JIMHWH, KaK WCXOJHBIC JaHHBIE, MOTYT MPHCYTCTBOBATh TOJBKO IMPH HA3EMHBIX H
dororpaMMeTpuUecKuX MeTonax ChEMKHA. OTCYTCTBHE CTPYKTYPHBIX JIMHHHA B
JAHHBIX JIA3EPHOTO CKAHUPOBAHUS KOMIICHCUPYETCSI H30BITOYHOM INIOTHOCTHIO TOUEK
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Ha OBEPXHOCTH 3E€MJIU.
Ucxonnas 1IMP moxer ObITh IpeoOpa3zoBaHa B MPOCTPAHCTBEHHYIO MOJIEIb
MIOBEPXHOCTH B BHJI€ TPEYTOJbHHUKOB, BEPIIMHAMU KOTOPBIX SIBIAIOTCA ChEMOYHBIC
MUKETHbIE TOYKHW. [IpaBuia MOCTPOEHUS TaKOW TPHUAHTYJIALMU OIpPEICICHbl B
TeopeMax poccuiickoro mareMaruka b.H. Jlenone. OCHOBHbIE M3 HUX TJIACST:

- BHYTPU OKPYKHOCTH, ONMUCAHHON BOKPYT JII0OOr0 M3 TPEYroJbHUKOB HE
JOJKHO COAEPKATHCSA ChbEMOYHBIX MUKETHBIX TOYEK;

- peOpa TpeyroJbHUKOB HE JIOJDKHBI IIepecekaTh CTPYKTYPHBIX TUHUHN penbeda.

Tpuanryasuus Jleaone (B anrmumiickoit Tepmuuosornn 1IN - Triangular
Irregular Network- tpeyronbHast HeperyisipHasi CETh), T.C. HeperyJisipHasi MoAejb
peabeda. PeryasipHoii Mogesbio peiabeda sBisiercss MaTpuna BbicoT win DEM
(Digital Elevation Model- mudposas Mmoiens BBICOT).

Martpuuna BbicoT (MB) mnpeacraBnsier coboii HaOOp BBICOTHBIX MHKETOB
PEryJIIpHOW CTPYKTYpbI, T.€. Ha TIOBEPXHOCTHM 3E€MJIM BBICOTHI 33JaHbl C
ornpeeneHHbIM ocTossHHBIM maroM AX u AY. IIpeumytiecTBa peryiasipHoit Gopmbl
MpPEACTaBICHUST MOJENU peibeda B yA0OCTBE XpaHEHUS U MAHUIYJIUPOBAHUS, a
HEJ0CTaTOK B U30BITKE Y3JI0B Ha CLIOKOMHOM pesibede U HEAOCTATKE B MEPECEUECHHON
MecTHOCTH. [lo3TOMy WHBIE NPUKIAIHBIE MOPOrpaMMbl HMMEIOT BO3MOXHOCTb
CO3/1aBaTh U MAHUITYJIUPOBATH C MATPHUIIEH BBICOT IEPEMEHHOM TIIOTHOCTH.

[TpeumymiectBo Hepery asipHoii cetku TIN B 6oJiee palioHaIbHOM ONUCAHUHT
MOBEPXHOCTU B 3aBUCUMOCTH OT IE€PECEUEHHOCTH MECTHOCTH, a HEIOCTAaTOK B
CIIOHOCTH XpaHEHHs] M MaHumyasuuu. llporpammbl, npenHa3HauYeHHbIE IS
co3maHuss W manunynupoBanus L[IMP, kak npaBuio, mnpenycMaTpuBaroT
npeoOpa3oBaHue U3 HEPETYISIPHON CTPYKTYPHI B PETYIISPHYIO.

Hpyroit dopmoit npencraBieHus [IMP sBIstOTCS TOpU30HTAM, KOTOPbHIC
MOTYyT OBITh CO3JaHbl TI0 cTepeonapaMm HemnocpeactBeHHo B I[DC nyrém
CTEPEOCKONNYECKOM TPACCUPOBKU JIMHUU HA 33JaHHOW BBICOTE. | OpHM30HTAIM TaKke
MOryT ObITh TocTpoeHbl 1o Heperysipaoit (TIN) wmu perynspuoit (MB) monmenu
penbeda. [IpenmyiiecTBo ropusoHTaneit kak GopMbl IpeicTaBlieHUs penabeda B TOM,
yTo 9TO OoOJee mpuBBIYHAS W HasiIHAsS ¢opMa TMpeAcTaBiIeHUs penbeda.
Henmoctatok B CIIOKHOCTH YHCICHHBIX QITOPUTMOB PEIICHHUS KapTOMETPUUECKUX
3a/1ay.

MOXHO BBLAEIUTH TPU OCHOBHBIE 3a1auu toctpoerus: [IMP na [{OC:

- IOCTPOEHUE TOPU3OHTAJIEH Il OTOOpaKeHHs Ha TonorpaduyecKkux Kaprax,

- IOCTPOEHUE MATPHULIbI BBICOT JJIs1 OPTOPOTOTpaHCPOPMUPOBAHUS CHUMKOB U
co3qiaHus (oToIIaHa,

- IOCTPOEHKE MOJICIIN pelibeda AJisi PeleHUs] MPUKIIAIHbIX 3a/1ay.

Tounocts u mnoapodbnocts IIMP Bo Bcex ciyyasix perjiaMeHTUpYeTCs
COOTBETCTBYIOIIMMH HOPMATHUBHBIMU JOKYMeHTamu [3].

B 3aBucumoctn ot Ttpebomanuii Kk coszmaBaemoit IIMP, ocobGennocteit
MaTepuana U (PyHKIIMOHAIBHBIX BO3MOXHOCTEH [[DC MOXKHO BBIIETUTH CIAEAYIONINE
cnioco0wI moctpoenus [IMP:

- TPACCUPOBKA TOPU30HTAJIEN M0 CTEPEOCKONMMYECKUM MOJIEIISIM,

- HabOp THKETOB M PHUCOBKA CTPYKTYPHBIX JIMHUN penbeda 1o
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CTEPEOCKOMUYECKUM MOJIENSIM,
- HaOOp THKETOB B aBTOMATUYECKOM PEXHME C 3aJaHHBIMH OIEpPaTOpOM
napaMeTpaMH C Moceayronen peaakiuei.
Bo3MoxkHBI KOMOWHAIIMY TIEPEYHCICHHBIX CIIOCO0OB.

24. DPOTOTPAHC®OPMUPOBAHUE CHUMKOB
doToTpancpopMupoOBaHNe CHUMKOB 3TO Npeodpa3oBaHue M300paKeHMs,
MOJIYYEeHHOI0 B OJHOIl NMpPOEeKUHH, B M300pa:keHHe B JAPYyroil mpoekuuu. [lpu
BBITIOJTHEHUH TAaKOTO MpPeoOpa3oBaHUSl HY)KHO YUHUTHIBATh T€OMETPUIO TOCTPOCHUS

n300paxkeHus B CbEMOUHOM cucteme. Kpome Toro, Hy)KHO YUUTHIBATh:

- ABJISIETCS JIW CHUMOK T'OPU30HTAJIbHBIM WM HAKJIOHHBIM,

- ObLT 71 choTOrpadUPOBAHHBIN OOBEKT MIIOCKAM WU PEITbePHBIM,

- KakOBbl OCOOEHHOCTH IPOEKIUH, B KOTOPOH [OJKHO OBITH MOJYYEHO
TpaHC(HOPMHUPOBAHHOE N300paKEHUE.

KanpoBblii CHUMOK siBiisieTCA M300pakKeHUEM TOUYEK 3€MHOM MOBEPXHOCTU HA
IUIOCKOCTH, 3a()UKCHUPOBAaHHBIX B OJWH MOMEHT BpPEMEHH B MEPCHEKTUBHOU
LHEHTpAIbHOM mpoekuuu. OJHAKO CHUMOK HMMEET YroJd HAaKJIOHAa OTHOCUTEIBHO
OTBECHOM JMHMM K TIOBEPXHOCTH pedepeHI-3JUIMIICONIa, YTO TPUBOAUT K
CMELICHUSM TOYEK Ha CHUMKE II0 CPaBHEHHIO C HX [OJOXECHUSIMU Ha
TOPU30HTAJIBbHOM CHUMKE. [IpaBnma, 3T CMEHIEHUs MOMYUHSIOTCS ONPENEIEHHOMY
3aKOHY M, €CJIM U3BECTHA BEJIMYMHA YIJIa HAKIIOHA CHUMKA, OHH JIETKO YCTPAHSIOTCS
NPy UCTONB30BaHUU (Gopmyn (4) mepexoma W3 CUCTEMBl KOODIMHAT CHHMKA B
CUCTEMY KOOPAMHAT MECTHOCTHU (0OBEKTA).

OpnHako MCHoJib30BaHUE 3THX (HOPMYJ 3aTPYIHEHO BIUSHUEM pelibeda, T.K. B
dbopMynbl BXOAMT BbicOTa Z TOYKM MECTHOCTH. PaccMoTpum BiusiHuUE penbeda
MECTHOCTH (00BEKTa) Ha MOCTPOCHHE H300paKeHHs] Ha CHUMKE W Ha CO3JlaHue
TonorpaduyecKoi KapThl (TU1aHa).

[To 3akoHaM MOCTPOCHMSI H300pPKEHHS] B IICHTPAIBHOW TMEPCIEKTUBHOMN
npoekiuu Touka M mectHocTH (puc. 20) uzobpasurcs Ha cHuMke P B Touke M,

r OTCTOSIIEM OT TOYKH Hagupa N Ha

ml mo In P PacCTOAHUHA r. IIpu CO3JaHUU
=3 TonorpaUyecKux KapT TOUYKH MECTHOCTH
f' St \\ S JTOJIKHBI OBITh CIIPOEKTUPOBAHBI
x 3 OTBECHbIMM JIMHUSIMA Ha TOBEPXHOCTb
\ pedepeni-ammunconna. Ha cHumkax, mo
H-h \\ KOTOPBIM CO3JAl0TCs KPyIHOMACIITaOHbIE
H N M Tonorpauyeckue KapTbl, HU300paKaroTCs
N Al CPABHUTEJIBHO HEOONbIINE MO IUIOHIAAN
SO YY4aCTKH MECTHOCTH, B Mpe/esiax KOTOPbIX
N IIOBEPXHOCTh pedepeHL-IITuncona
NM'MoxkHO TpHHATH 3a TIOCKOCTh. Takum

= N<—.]‘\ 06 M 6
R MO Puc. 20 oopa3oM, TO4YKa MCCTHOCTH YIACT

MPOEKTUPOBATLCA HA TOPU3OHTAIBHYIO

mockocth E B Touky M.
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Ecnu u3zo0paxkenue, momydeHHOe Ha CHUMKE P, cipoeKkThpoBaTh MO 3aKOHAM
HEHTPaAJIbHON MPOEKIMHU Ha TUIOCKOCTh E, To Touka M crnpoektupyercs B Touky M', a
He B TOUKy Mg. UToOBl Touka M cropoekTupoBaiach B TOUKY Mg, HEOOXOAMMO
CMECTHTH €€ Ha CHUMKE B TOUKY Mq. BenmnuuHy cMmerenus - oTpe3ok MMg = O -
Ha3bIBAIOT CMeEIEHHMEM TOYKHM, BBI3BAHHBIM pejibedoM MeCcTHOCTH. Takum
oOpa3oM, MOHSATHE CMeEIEHUs] TOYEeK HAa CHUMKe, BbI3BaHHbIe pejibedom
MECTHOCTH, BOBHUKAET M3-32 Pa3HbIX NMPOEKIUiIl HA CHUMKe U HA KapTe (ILU1aHe).

N3 nonobust TpeyronbHukoB SNMg 1 Snmg, a Takke SN'M u Snm 3anuiiem:

_ (r—om)H _ r(H-h)

R : . [Tocne npeoOGpa3zoBanuii noaydyum (Gopmysay cMemieHu
TOYEK HA TOPU30HTAJIHLHOM CHUMKE, BHI3BAHHBIX pejibe)oM MEeCTHOCTH.
rh
oy = —. (15)
H

N3 ananuza ¢popmyisl (15) MOKHO cienats BBIBOA, 4TO O = 0 mpu:

1) r = 0, T.e. B TOYKe Hagupa N CMEIICHKUE, BBI3BAHHOE Pebe()OM MECTHOCTH,
OTCYTCTBYET. ITO OOBSACHAETCS TEM, UYTO TOYKa HaAUpa SBISIETCS TOUYKOU
MepecevyeHns CHUMKa OTBECHOM JIMHHUEH, T.. OHa €JMHCTBEHHAs TOYKa CHUMKA,
KOTOpast Oy/IeT COOTBETCTBOBATh OPTOTOHAILHOM MPOEKIINH;

2) h = 0, T.e. wu3o0pakeHHe IUIOCKOM TOPU3OHTAIBLHOW MECTHOCTH
npeoOpasyercss W3 IEHTPAIbHOW MPOCKIIMA B OPTOrOHAIBHYIO TMPOCKIHUI0 0e3
ITOTPEIIHOCTEN.

VYBenuuenue BbICOTHI (QoTorpadupoBanuss H MNpUBOIUT K YMEHBIICHUIO
BCJIMYMH CMCIICHUM Touek Ha cHuMKe. T.k. H = f m, MOoHO cenaTh BBIBOJ, YTO Ha
JIMHHO(MOKYCHBIX CHUMKax CMEIICHUsT Touek OyAyT MeHbIlIe, dYeM Ha
KOpPOTKOOKYCHBIX. B TO ke Bpemsi yBenuueHue penbeda U paanyc-BEeKTopa TOUEK
MPUBOJUT K YBEJIUYCHHUIO UX CMEIECHWW, U HAWOOJBIINE WX BEIMYUHBI OyIyT Ha
Kpato cHuMKa. ClenoBaTelbHO, €CJUM He00XOAUMO IMOJYYUTh CHHUMKH C
MUHMMAJIBHBIMHM CMEIUEHUSMH, BbI3BAHHBIMU peabeOM MECTHOCTH, TO
a3pOCHEMKY cJieAyeT BBINOJHUTH € MAaKCMMAJIbHO BO3MOKHOH BBICOTBI U
NJIMHHO(OKYCHOI poTOKaMepoii ¢ HeOOIbIINM (POPMATOM KAAPA.

3amaua QoTOTpaHCPOPMUPOBAHUS CHUMKOB PEIIAETCs, €CIU 3apaHee Ha
Y4aCTOK MECTHOCTH, U300paXEHHON Ha CHUMKAX MOCTPOUTH MaTpuly BbicoT (MB).
B pesynbrare TpaHchopMHpOBaHHOE H300pa)KEHUE MOJTY4YAETCs B OPTOTOHAIBHOU
OPOEKIMU, TO03TOMYy Takoe (oToTpaHc(OpMUPOBAHME CHUMKOB  Ha3bIBAIOT
oproororpancGhopMHpoOBaAHHEM. T.x. oprodoToTpaHcHOPMHUPOBAHKE
BBITIOJTHSIETCS] IO IIUGPOBBIM CHUMKaM M C UCIOib30oBaHue MB, ero em€ HaszpiBaroT
uugposbIM opTooroTpancGhopMupoBaHHEM CHUMKOB.

25. TIPUHOUITI HUPPOBOI'O OPTO®OTOTPAHC®OPMUPOBAHUASA
CHUMKOB
[Mudposoe oprodoToTpanchopmMupoBaHre CHUMKOB SBJISETCS OJHOW W3
OCHOBHBIX orepanuii 00paboTku 1udposeix cauMkoB Ha [{OC. McxogHoe nudpoBoe
U300pAKEHHE  COCTOMT W3  DJIEMEHTAPHBIX  yYaCTKOB-TIMKCEIEH, KOTOpHIC
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HOAI'OTOBUTEJIBHBIE PABOTbBI
Brog ®opmuposanue | | DopmupoBaHue B
udpoBoro | | daiina TaHHBIX ¢aitna onopHoi BOA MaTl\PiII/IIBHH
CHUMKA ¢doTokamepsl uHbOpMaIuu seicot (MB)

\\/ / / Il
Bnayrpennee N Buemnnee N OptodoToTpancdop-

OpUEHTHPOBAHUE “|opuentuposanmue MHUPOBaHUE

Puc. 21

TpaHCHOPMHUPYIOT KaXK/IbI B OT/IEIBHOCTH C UCHOJIB30BAaHUEM 3HAUCHUN 3JIEMEHTOB
OPUEHTHPOBAHMS CHUMKA M JJAHHBIX MATPHUIIBI BHICOT.

Ha puc. 21 npuBeneHa ykpymHEHHAS TEXHOJOTHYECKas cxeMa Hu(pPOBOTO
optodoroTpaHcHOPMUPOBAHKS CHUMKOB.

Jis  BbIONIHEHUsT LUdpoBoro  opToOTOTPaHCHOPMHUPOBAHUS  CHUMKA
HEOOXOIMMO BBECTH B KommbloTep: 1) cHUMOK B mudpoBoit gopme, 2) maHHBIC
(oTokaMepsbl, 3) KaTaxor OMOPHBIX TOYEK MIIH DIIEMEHTHI BHEIITHETO OPHUEHTHPOBAHHS
CHHUMKA, 4) MaTpHILy BHICOT.

Ecin mnocne Qororpuanrynsuuu uis TpaHCPOPMHUPYEMBIX CHHMKOB OBLIN
IOJTyYEHBbl 3JIEMEHThl OPUEHTHPOBAHMs, TO Cpa3y MPUCTYNAIOT K LUPPOBOMY
opTO(POTOTPAaHCHOPMUPOBAHNIO CHUMKOB. Ecim ke 31eMEeHThl OpHUEHTHUPOBAHUS
CHUMKOB HE W3BECTHBI, TO CHayajla BBINIOJHAIOT BHYTPEHHEE U BHEIIHEE
OPUEHTHPOBAHWS CHUMKOB, a 3aTeM [MepexomsarT K UuX [uQpoBOMYy
optodoToTpaHcHOPMUPOBAHMUIO.

Jlanee TOSICHSETCS CMBICT OCHOBHBIX MPOLECCOB MpU (POPMUPOBAHUU
TpaHC(HOPMUPOBAHHOTO H300paKeHUS B IIUPpoBo dopme (puc. 22).

TpanchopmupoBaHHOE
CHumoK n300pakeHne
y y' y )C XII Y|
: g
Xi, yi OH’ L[BeT
X
Puc. 22

1. BHauane co3aloT mycTyro MaTpuily TpaHC(OPMUPOBAHHOTO U300PaKEHHUS.
1.1. Ha cHuMKe 3aJai0T TpaHHULBl y4yacTKa H300pa)Ke€HUs, MOJIEKAIIEro
TpaHcGopmMupoBaHUIO. OOBIYHO 3TOT y4aCTOK HEMHOTO 0oJiblle pabouel IIoLaan
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CHUMKA, YTOOBI CYIIECTBOBAJIO MEPEKPHITHE C TPaHC(HOPMUPOBAHHBIMU YYaCTKAMHU
COCEJIHUX CHUMKOB. ['paHuiia 3a1aétcs B BUAE MPSIMOYTOIbHUKA.

1.2. KomnpioTep, UCIONb3ysl KOOPAUHATHI X U Y YIJIOB y4acTKa B CHUCTEME
KOOpPJIMHAT CHUMKA, PACCUUTHIBAET KOOPAUHATHI X U Y ATUX YIJIOB HA MECTHOCTH TIO
dopmynam (4). T.x. BbicOTBI Z Ha MECTHOCTH HE H3BECTHBI, INPH pacuére
UCIIOJIb3YETCsI CPEIHSSA BbICOTA, ONPEIeNIEHHAS 110 BEICOTaM OMOPHBIX TOYEK.

1.3. 3amaércs pasmep A mOHMKcens MaTpUlbl TpaHCHOPMUPOBAHHOTO
U300paKEeHUsT Ha MECTHOCTH. YToObl  TpaHChHOPMHpPOBAHHOE HU300pAKECHUE
COXpaHWJIO TOYHOCTh CHUMKA, pa3Mep IMUKCEIs pacCCUYUTHIBAIOT 10 GopMmyiie A = Ac
m, rae Ac - pa3Mep UKCels Ha CHUMKE, a M - 3HaMeHaTenb MaciTadba cHuMka. Eciu
TpaHC(HOPMHUPOBAHHOE W300paKeHHE OYIET WCIOJIB30BATHCA JJII W3TOTOBJICHHUS
doTtomana B Buje TBEpAOM Komuu Macmtaba 1:M, To pasmep nuKcens
paccuuthiBatoT 1o opmyne A = 0,07 M/1000 (m), tne 0,07 mm - paspemieHue
rpaduuecKoro u300paxeHusl.

1.4. Vicnonw3ys pa3mep A MUKCeNs HA MECTHOCTH M KOOopAuHAThl X U Y
VIJIOB y4YacTKa, KOMIIBIOTEp CO3/aéT IMyCTyH0 MAaTpHUIly TpaHC(HOPMUPOBAHHOTO
U300paXKeHMsl, NPEACTaBISIIONIYI0 co0ol ceTky KBaaparoB. C 3TOH IeJbIo
KOOPJIMHATHI JIEBOTO BEPXHETO YIJia MAaTPUIIbl KOMIIBIOTEP U3MEHSET TaK, YTOObI OHU
CTaJIM KpaTHbl pa3Mepy A MHKcens, W MNpUOABISIET K HHUM TOCJIEI0BATEIHHO
3aJJaHHBIA pa3Mep MUKCENs, TEM CaMbIM CTPOSI TIOCTPOYHO CJI€Ba HAMPABO M CBEPXY
BHU3 IyCTYIO0 MaTpHILy TpaHCcHOopMHpOBAHHOTO M300paxkeHus. B pe3ynbprare Kakapii
MTUKCEJTb MaTPHUIIBI MTOTy4YaeT KOOPAUHATHI X| U Y| HA MECTHOCTH.

2. Jlanee matpuiia 3anoJHsAETCs U300paKeHUEM TOBEPXHOCTH MECTHOCTH.

2.1. Tlo «xoopmuHatam X;,, Y| KaXJOro THKCEIsI  MaTPHIIbI
TpaHC(OPMHUPOBAHHOTO  M300pa)keHWsT  KOMIbIOTep  Haxoaur Ha  MB
COOTBETCTBYIOIIYIO €My TOYKYy W ompeaenser e€ Bbicoty Z,. MB (puc. 22)
OpejacTaBiIsieT  co0OM  MHOTOTpaHHYIO  MOBEPXHOCTb,  COCTOSALIYIO U3
YEeThIPEXYTOJBHUKOB, KOTOpPhIE B OPTOTOHAJIBHOM TIPOEKIMHM Ha IUIOCKOCTh
MPEACTABIAIOT  CO0OM  KBajgpaThl. JITO TO3BOJSIET MyTEM  OWJIMHEHHOTO
MHTEPHOIUPOBAHUS MEXAY OJIKalIMMu ToukamMu MB ¢ n3BeCTHBIMH BbICOTaMHU 71,
Z,y, Z3, Z4 BeuuCIUTh BbicOTY Z;. Ilo BbicOTaM Z; U Z, KOMIBIOTEP PACCUUTHIBAET
BBICOTY Zk, @ 110 BBICOTaM Z3 U Zy4 - BBICOTY Zy, UCTIONB3YS (hOPMYJIBI

Ze= 274+ (22_é1)DYI  Zu=Z4+ (Z3—ZD4)DY|_

Hcnonb3ys 3TH BBICOTHI, KOMITBIOTEP PACCYMTHIBACT BBICOTY Z; 110 hopmysie
N (Zn —Zk)Dy|

Z, =2k

Pacuér paccrostnuii Dy;, Dy, u D BbINOIHSETCS O Pa3HOCTSIM ILJIAHOBBIX

KOOPJIMHAT COOTBETCTBYIOIIMX TOUEK, UCHOB3Ys hopmyny D = AX? +AY? .
2.2. ITo xoopaunaram X, Y|, Z;, KOMIIIOTEP BBIYUCIISECT KOOPJUHATHI Xj U Yj
B CUCTEME KOOpAMHAT CHUMKA 110 hopmysiam
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xi = xg — F ALt = Xs) + €1 () = ¥5) + O (2) — Zs)
C13(X) —Xg) +C3(Y| —Ys) +C33(Z) — Zs)
Vi =Yg —f C2 (X —Xs) +C2(Y) = Ys) +C32(Z) - Zs)
C13(X) = Xg) +C23(Y| —Ys) +C33(Z) — Zg)

2.3. Ilo BBIUMCIECHHBIM KOOPAMHATAM Xj, Yi KOMIIBIOTEp HAXOAUT HA CHUMKE
MUKCENlb,  COOTBETCTBYIOIIMI  MHUKCEI0  MaTpHIlbl  TPaHC(HOPMHUPOBAHHOTO
M300pKEHUSI, M ONpEeNesieT YUCIOBOE 3HaueHwe ontuueckor miotHocTH (OIT).
Ecnu tpancdopmupyercs nBetHoe nu300pakeHUE, TO JOMOTHUTENBHO OMpeaessieTcs
MOKa3aTellb IBETHOCTH.

2.4. TlomyuenHoe 3Hadyenwe OIl (u mokazaTenb IMBETHOCTH) MPUIAIOT
MTUKCEIIO B MaTpUIle TPaHC(HOPMUPOBAHHOTO U300paKECHHSL.

2.5. [lepememasich moCIeA0BATENHHO IO MATPHIIE BJOJIb CTPOK OT MUKCEIS
K THKCEII0, KOMITBIOTEpP BBITIOJNHSACT OMepaluy, ykazaHHble B myHkTax 2.1-2.4, u,
TakuM 00pa3oM, ¢dopmupyer TpaHCHOPMHUPOBAHHOE H300pakeHHEe B HUGPOBOI
¢dbopMe U BBIBOAMT €r0 Ha dKPaH JAUCILIES.

[Ipy monaKIIIOUEHUM K BBIXOJY KOMIBIOTEpA (HOTONEYATAIOIIEr0 yCTPOUCTBA
WIM TPUHTEPA C BBICOKUM pa3pelieHHeM TpaHCPOPMUPOBAHHOE H300pakeHHE
MO’KHO pacrneydaraTth B BUAE (POTO- MM pacTpPOBOTO U300paKEHUS.

26. HU®POBOE OPTO®OTOTPAHC®OPMUPOBAHUE CHUMKOB
PABHUHHOH MECTHOCTH
[Ipu dotorpanchopmupoBanur CHUMKOB MaTpuily Bbicor (MB) MoxHO He
WCIIOJIB30BaTh, €CIM B Mpeaenax paboyeil Tuiomaad CHUMKA CMEIICHHS TOYeK,
BBI3BaHHBIC pelibe()OM MECTHOCTH, HE TPEBBIMIAIOT JOMYCTHMOW BEIUYHHBI. UTOOBI
paccUMTaTh JOIMYCTUMBIA TIEPEIIal BBICOT, BBI3BIBAIOIINN TAKUE CMEIICHUS, 3aITUIIIEM
dbopmyny (15) B cnenayroieM BUE:

h=

Hdr, fmor,
r ro’
TJIe T - painyc-BeKTOp yriia pabouei TuIoIa M cCHUMKa (cM. pazaen 9).
N3 TtpanchopMUpOBaHHBIX CHUMKOB MOHTUPYIOT (OTOTUIaH, SIBISIOIIMICS
OCHOBOW KOHTYPHOM YAaCTHM KapTbhl, Ha KOTOPOW CMEIIECHUS TOYEK, BBI3BAaHHBIC
penbeoM MECTHOCTH, HE JOJDKHBI IPEBBIMATH Ol 0, = 0,3 MM (puc. 23).
dororutan  co3maéress B Ooliee
KPYITHOM MacuitTadbe, 4eM CHUMOK, IT03TOMY
CMEIIEHUs] TOUYEK Ha CHUMKE B Ipejernax
paboueit mIonaau He JOJDKHBI TPEBHIIATH

Sthon _ Mdfhon  0,3M

(16)

8I'h = = = ) (17)

Ky m m
rne kK = mMM-  xoadpdunment
dboToTpanchopMuUpOBaHUS, M -

3HaMeHaTeNlb Macmrtaba ¢oTtoraHa, m -
3HaMeHaTenb Macmraba cHumka. [locnie

S7

K Puc. 23



noacTanoBKU (popmyiiel (17) B (16) mosrydnm AOMyCTUMOE TIPEACITIbHOE MPEBHIIICHIE
Ha MECTHOCTH.

_ ﬂVISrh):[on _ 0,3fM
fpeA r ro

Ha MeCTHOCTH TNpEBBINICHHS pPACCUYM-THIBAIOTCS OT CpeaHeil Imiockoctu E.
[TosToMy momycTuMblii mepemnas BeICOT Q (Ha3bIBA€TCS BHICOTOM 30HBI) OyIET paBeH

YABOECHHOMY IIPEACIbHOMY MPEBBIIICHUIO, K €r0 MOYKHO PacCUUTaTh 1Mo popmysie
Q= 2y = hmpen _ 0,6fM
r r
Ecnmu B mpenenax paboueit mromanu cHUMKA Q > Apax - Awmin, T Amax -
MaKCUMasbHas U Ay - MUHUMAaJIbHAS BBICOTHI, TO B opMyIbl (4) s BceX TOUCK
CHMUMKa BMECTO HMX BBICOT Z MOXHO TMOJICTABUTH CPEIHIOI0  BBICOTY

h

Zep = (Amax * Amin)

2
UCNoNb30BaTh. (OCOOEHHOCTH COCTOMT B TOM, YTO TPaHC(HOPMHUPOBAHHOE
n300paskeHre OyAeT MOIY4EeHO B LEHTPAIbHOW IPOEKIMH, & HE B OPTOrOHAJIBHOM.
OHAaKO OTKJIOHEHUS TOYEK 3TOr0 M300PAKEHUS OT IOJIOKEHHH, COOTBETCTBYIOIINX
YCIIOBHIO OPTOTOHAJIBHOIO MPOEKTUPOBAHUs, He OyayT npesbimarsd 0,3 MM.

U npu GoToTpaHCHOPMHUPOBAHNN CHUMKA MATpPHUILY BBICOT HE

27. MOHTUPOBAHUE ®OTOIIJIAHA

DoTOIJIAH - IJIAH MECTHOCTH, COCTABJICHHBIA U3 TPAHCHOPMHPOBAHHBIX
CHMMKOB, KOTOpPBIii 10 TOYHOCTH IUIAHOBOIO IIOJIOKEHMS KOHTYpPOB
COOTBETCTBYET TONOrpaguuyecKoi Kapre.

doTomaH  MOXKET  HCIOJIb30BAaTbCs  KAaK  CAMOCTOSITENbHBIA  BUJ
KapTorpauueckoro JOKyYMEHTa, TaKk M B KAa4eCTBE OCHOBBI JJii cOOpa BEKTOPHOI
uH(popMalMu O KOHTYPHOM dYacTH co3gaBaeMoill uudpoBoil kaptel. doTomiian
COCTABJISIIOT K3 pabouyux Iuioniaae TpaHCPOPMUPOBAHHBIX CHUMKOB. YTOOBI
COEIMHUTDH COCETHUE CHUMKH, HY?>KHO IIPOBECTH HA HUX JIMHUIO pa3pes3a MO CEPEINHE
30H MNPOAOJBHBIX M MONEPEYHbIX MepekphiThil. IIpy mpoBeneHHH JTUHUM HYKHO
co0JIroaTh CIEAYIOIINE TPEOOBAHUS:

- IMHEWHbIE 0OBEKTHI HY’KHO pa3pe3arh MOJ NPSIMbIM YIJIOM;

- HEJNb3sl MPOBOJIUTH pa3pe3 BIOJb JMHHUM, pa3Jeisionied 0ObeKThl pa3HOro
TOHA (TEMHBIC U CBETIIbIC);

- HeNb3sl TPOBOAMUTH pa3pe3 uepe3 OOBEKThl, HMMEIOLIUE XO3SICTBEHHOE
Ha3HAYEHHE WJIH CIIyKalllhe OPUEHTUPAMU;

- HaceJE€HHbIE MYHKTHI HYKHO 00Xxoauth. Ecim sToro cnenarb HeNb3sl, TO
paspes JIy4uie IpOBECTHU 110 LIMPOKOH YIIMIIE WA OrOpOAaM.

[Ipunuun coeauHeHus MUEGPOBBIX CHUMKOB MOXKHO MOSICHUTH Ha TMpUMEpe
COCMHEHUS YETHIPEX TPaHCHOPMHUPOBAHHBIX CHUMKOB (puc. 24): nBa Py; u P1, B
BepxHeM Mapuipyre u gaBa P,y u P,, B HwkHem Mapmpyrte. s obecnieueHust
CTBIKOBKU CTPOK B COCETHMX CHUMKAaX CHUMKH JIOJKHBI UMETh OJMHAKOBBIN pa3mep
MAKCEJIEN M KpaTHbIE 3TOMY pa3Mepy Hayana cucteM koopauHaT. llocpenune
MIPOJIOJBHOIO U MONEPEYHOTO MEPEKPHITUN CHUMKOB IMPOBOJAT MOJUIUHNAH, KOTOPHIE
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Puc. 24

OyayT JHMHMSMH WX  paszpesa.
[Mukcenu, yepe3 KOTOpPbHIE MPOXOJAT
JUHUU pa3pes3a, OyayT rpaHUuYHBIMU
nukcenamu. C  y4€ToMm pa3MepoB
U300paKeHUI KOMITBIOTEP
dbopmupyer wmatpuily ¢GoTOoIIIaHa,
KOTOpas JOJDKHA TI0  IUJIOIIAIU
HaKpHIBAaTh YEThIPEC CHUMKA. TaM T/e
HET U300paKeHUs, NUKCEN
MaTpHUIlbl ~ OCTAaHYTCA  IyCTBHIMHU
(Obempie  kBaApatThl).  3amoJHEHUE
CTPOK KOMIIBIOTEP BBITIONHSET CJIeBa
HalpaBO H CBepxy BHHM3. Kaxkmas
CTpOKa  MaTpHIbl  3alOJHSIETCS
BHA4YaJIe COOTBETCTBYIONIEH CTPOKOMU
JEBOTO W  BEPXHET0 CHUMKOB,
BKJIIOYAsl ~ TPaHUYHBIE  IHUKCEIIH.
[locie rpaHUYHBIX MHUKCEIEH CTpOKa
3aroaHsAeTCs COOTBETCTBYIOLLEH
CTPOKOM TMPaBOr0O H  HUKHETO

CHUMKOB. B pe3ynbTaTe komnerotrep chopmupyer (HoTorIaH.

OneHKy TOYHOCTH CMOHTHPOBAHHOTO (oTomiaaHa mpousBoaar 1) 1o
TOYKaM CeTH (DOTOTPUAHTYIISALINY, 2) BAOJb JIMHUIM pa3pe3a COCEIHUX CHHMKOB, 3)
BJIOJIb PAMOK, OOIINX C COCEAHUMH (DOTOTIIaHAMH WITH KapTaMH.

doroTpuaHry I IUMM HE JOJIK-HBI

1. CpenHue pacxoxAeHUS IUIAHOBBIX KOOPJAMHAT Ha TOYKAX
npesepimiate 0,5 MM 1711 paBHUHHBIX W

CeTHn

BCXOJIMJICHHBIX pailoHOB U 0,7 MM J1J1sl TOPHBIX PaliOHOB.

2. CpenHsisi BeIMYMHA HE COBMEIICHUS

OJWHAKOBLIX KOHTYPOB Had JMHHUAX

pa3pe3a COCeJHHX CHMMKOB HE JIOJbKHA mpeBblmarh 0,7 MM JUisi paBHUHHBIX H
BCXOJIMJIEHHBIX paiioHOB U 1,0 MM JJ1sI TOPHBIX PaliOHOB.
3. HecoBMmelienus: 0IMHAKOBBIX KOHTYPOB Ha paMke (pOTOIMJIAHA TPU CBOJKE
¢ coceqHUM (hoTorIaHOM (KapToif) He JOJKHBI MpeBhIIaTh 1,0 MM 171 paBHUHHBIX U
BCXOJIMJIEHHBIX paiilOHOB U 1,5 MM JJIsl TOPHBIX PalilOHOB.

N BCXOJIMJICHHBIC paﬁOHLI,

28. CbEMKA PEJIBE®A U KOHTYPOB
CbéMKy peabeda BBIIOTHAIOT TOJBKO B CTEPEOCKONMMYECKOM PEKUME.
CbéMKY KOHTYPOB BBINIOJHSIOT B CTEPEOCKONMUYECKOM PEXUME IO CTEPEOIapam
wim 1o ¢otomnany. CTepeochbéMKY KOHTYPOB BBINOJHSAIOT TMPU CO3AAHHUU
TonorpaMyecKux KapT Ha BCXOJMJICHHBbIC, TOPHBIE U BBICOKOTOPHBIE pailOHbI, a
TaK)K€ Ha TEPPUTOPUM C MHOTOATAXKHOW 3acTpoilkoi. CbEMKY KOHTYpPOB IO
opTo(OTOIJIAHY MCIIOJB3YIOT MPU CO3AAHUU TONOTpaPUUECKUX KapT HA paBHUHHbBIC

HE3aCTPOCHHBIC

3aCTPOMKOM.

CrepeocbéMKy penbeda M KOHTYPOB

TEPPUTOPUUA WM C MAJIOATAXKHOU

NPOM3BOAAT B Ipeaegax padoumx
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mwomaaed crepeonap. Ha ux rpaHnmax mHOpoOM3BOAAT CBOAKY KOHTYPOB H
ropusoHTaneil. HecTblkoBKa KOHTYpOB HE J10JIKHA ObITH OoJbiie 0,6 MM B MaciTade
KapThl, & OMHOMMEHHBIX FOPU30HTANIEH - HE OOJIbILIE OJHOW TPETH BBICOTHI CEUEHUS
penbeda. Ilpu BenuumHEe 3a0KEHUS TOPU3OHTAIEM MeHee 2 MM, HECTBIKOBKA
OJTHOMMEHHBIX TOPU30HTAJIEN HE JOJKHA OBbITh OoJibiie 0,7 MM B MaciiTabe KapThl.

Cbémka peabeda

Cbémky pesbeda BBITIONHAIOT JIUOO ¢ ucnonb3oBanueM [IMP, mo xoTopoii B
aBTOMATHYECKOM PEXUME CTPOSIT TOPU30HTAIIH, JTMOO UX MPOBOJIUT ONEPATOP IMYTEM
TpacCUpOBaHMs. TpaccMpoBaHWE  TOPHU3OHTAICH  BPYYHYHO  I€JIE€CO00pa3HO
IIPUMEHATH JUIsl PaBHUHHOW, OTKPBITOM, Maj0 Nepecedy€éHHOM MecTHOCTH. [lpwm
TPACCHUPOBAHUM TOPU3OHTAJIEH HA YyYacTKaX, ITOKPBITBIX JIECOM WM BBICOKON
PACTUTEIIBHOCTBIO, BBICOTY MAPKU HaJ MOBEPXHOCTBIO MOJENIM CIIEAYET YBEIUYUTH
Ha uX BbICOTY. Ha MmJIOCKHMX y4acTKax MeCTHOCTH ObIBa€T TPYJIHO OIPEAEIIUTH
HaIpaBJIEHUE CKaTa U KyJla Hy’KHO BECTU MapKy. B aTom ciyyae HabuparoT NUKETHI U
IIyTEM HHTEPIIOJIUPOBAHUS MEXIAY HUMHU OIPEACIAIOT IIOJOKEHUSA TOPU3OHTAJICH.
s miIockoii MeCTHOCTH C OOJIBIIMM KOJIMYECTBOM TOYEK Pa3HOM ONTHYECKOM
IJIOTHOCTH Y LIBETHOCTH MOXKHO HCIIOJIB30BaTh aBTOMarnyeckoe rnocrpoenue LIMP ¢
IOCIEAYIOIUM  peJakTUpoBaHueM. B peabedHOl  MECTHOCTH  OIEpaTop
BbIUEPUMBAET CTPYKTYpPHBIE JJUHUU penbeda (co30aT CKeIeT MECTHOCTH), HaOupaer
NUKEThl Ha XapaKTepHBIX TOYKax penbeda, a 3aTeM BBIIOJHSIET aBTOMAaTHYECKOE
noctpoenue TIN u ropusoHTaneil. 3aBepmiuB ChEMKY penbeda, TOYHOCTH
M0JIOKEHUSI TOPHM30HTAJIC NPOBEPHIOT MO KOHTPOJBbHBIM TOYKAM, BBICOTHI
KOTOPBIX ObUIM MOJY4YEHbI JIUOO MPHU MOCTPOEHUHU CETH (HPOTOTPUAHTYISLUU, JTUOO B
XO0Jle TIOJIEBBIX T€OJIE3UYECKUX H3MEPEHHM WM K€ HaOOpOM MHUKETOB APYrUM
ONEPATOPOM.

[IpoBenss ropu30OHTANM, U3MEPSAIOT XapaKTepHbIe TOYKH peibeda, OTMETKH
KOTOPBIX JOJDKHBI ObITh HojnucaHbl Ha Kapre. Ilpu cozmanum kxapt macimta®oB
1:2000, 1:1000 u 1:500 W3MEpSIOT TaKK€ OTMETKH TIOJOTHA aBTOMOOWJIBHBIX U
JKEJIE3HBIX JIOPOT, TPOTyapOB M IIPOE3KEHW YaCTH YL, JIIOKOB IIOA3EMHBIX
KOMMYHUKAIIMI W T.II. COTJIACHO COJEPKAHHUIO JaHHOW TOmorpaduyecKkod KapThl.
KonudecTBO Takux OTMETOK, HampuMep, Ha KapTe IJIOCKOPAaBHHHHBIX PailOHOB
JIOJKHO OBITH He MeHee 10-15 Ha 1 ,Z[MZ.

CbéMKa KOHTYPOB

CbEéMKY KOHTYPOB BBINOJHAIOT 1O (OTOINIAHY WM IO CTEPEOMOACIH
MeCTHOCTH. DOTOIUTaHbl U3rOTABIMBAIOT HA PABHUHHBIEC U BCXOJIMJICHHBIE PAalOHBI, a
TaK)XK€ Ha CEJIIbCKME HACEIEHHBIE [YHKTHI C MAJIOOTAXXHOU  3aCTPOUKOM.
CTepeopucoBKYy KOHTYPOB BBINOJIHSIOT II0 CHUMKAaM TOPHBIX M BBICOKOTOPHBIX
palioHOB, a TaKXKe FOPOJCKUX HACEIEHHBIX ITYHKTOB C MHOTO3TAKHOM 3aCTPOMKOM.

CbéMKY KOHTYPOB  BBINOJHSIOT IO CJIOSIM € OJAHOBPEMEHHBIM
nemr@pupoBaHieM U KOAMPOBAHHUEM OOBEKTOB. B KakaoM cjo0e 3apuCOBBIBAIOT
OJTHOTUITHbIE OOBEKTHI: THAPOTpadusi, PACTUTEIBHOCTh, aBTO- U KEJIE3HbIEC JTOPOTH,
CeJIbX03yro/iusi, HacelEHHbIE MyHKTH M T.1. KOHTypbl 0TOMparoTcsi COrjacHo
TpeObyeMoit Harpy3ke Ttomorpaduueckoid KapThl JJaHHOTO MaciiTaba. PucoBka
KOHTYPOB COIPOBOXKAETCS YKa3aHWEM CEMaHTHYeCKOW HH(OpMaluu, IS Yero
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UCIIOJNIB3YETCs KJIacCU(UKATOp TOMOrpapuueckux OOBEKTOB Ha COOTBETCTBYIOIIMIM
MacIITaOHBIN psif Tonorpadpuyeckux miaHoB U KapT. OObEKTHI, HE Aemudpupyemble
10 CTEPEOMOJIETH, OTMEYAIOT B 33JIaHUU HA [IOJIEBOE NCIIUPPUPOBAHUE U TOCHEMKY.

Ecnu B nmamsaTi KOMIbloTEpa UMeeTcsl OMOJINOTEKA YCIOBHBIX 3HAKOB, TO MpPHU
HaBEJCHUM MApKU Ha OTHAEIbHbIE OOBEKTHI (J1epeBO, TpyOa, LIEPKOBb U T.I.) MOXKHO
110J1aTh KOMaH/1y Ha BbIYEpUYMBAHUE COOTBETCTBYIOIIETO YCIOBHOTO 3HAKA.

CpéMKa KOHTYpPOB CBs3aHa C JelIM(pUpPOBaHHEM a3POCHUMKOB, KOTOPOE
BBIIIOJIHAIOT NPEMMYLIECTBEHHO KaMepajbHo. Ho ero [IomojHSAIT mnoJieBbIM
AemiM(ppUpPOBaAHUEM, KOTOPOE OCYIIECTBISIOT € HA3EMHBIX MapLIPyTOB WIH
BBINOJIHSAIOT a3pOBU3yallbHOE JACIM(PpPUPOBAaHME C BepToiEéTa WIM CcaMoJETa,
npoJeTast HaJ 3€MHOI MOBepXHOCThIO Ha BbicoTax 200-300 M. CnuiomHoe moJieBoe
AemM(ppUpoBaHre MPOU3BOAAT B KPYIHBIX HACENEHHBIX MYHKTaX M HAa y4acTKax,
I7ie MHOTO HE JeMU(PPUPYEMBIX KaMEPAIBHO TOMOrpapruecKux 0OBEKTOB.

29. HABEMHASI CTEPEO®OTOIPAMMETPHUUYECKASI CbEMKA

29.1. O6JacTH IpUMeHeHHsI Ha3eMHOIi cTepeodoTorpaMMeTpUYeCKOM
ChEMKH

Hazemuas ¢orocbéMka Obuta pa3paboTaHa BHayayle JUIsl MCIOJIb30BaHUS B
tonorpaguy M B CBA3M C OSTUM IOJy4yWwiIa Ha3BaHue (oToTonorpaguyeckas
cbémka. OqHako B JanbHEeM Ha3eMHas POTOChEMKA MOTyYuia pacipoCTPaHEHHUE
B JIpYTUX 00JacTsIX AesATeNbHOCTH uyenoBeka (cMm. paszgen 1). C yuérom 3toro eé
CTalnu Ha3blBaTh (pororpamMmerpuyeckoil cbémkon. [lorom B €€ Ha3BaHue
100aBUIIH CIIOBO CTEPEO.

Hazemnyw crepeodororonorpaguyeckyr0 CbEMKY INPUMEHSIOT B
MPEArOpHOM, TOPHOW H BBICOKOTOPHOM OTKPBITOM MECTHOCTH JJIsl CO3JaHUS
TonorpadMYecKux KapT M CHEIUaNIbHBIX TUIaHOB B Maciiradax 1:5000 m kpymHee,
KOI'ZIa 3KOHOMHYECKH HEBBITOJHO IPOBOJAUTH a3POCBEMKY M HA3€MHBIE METObI
cbEMKH. E€ MOKHO Takyke MPUMEHATH B OTAAJIIEHHBIX, MATOOOKHUTHIX BCXOIMIIEHHBIX
pailoHaX C KOPOTKHM IIOJIEBBIM CE30HOM, T.K. €€ 0OBEM IMOJIEBBIX pabOT HAMHOTO
MEHbIIE, YeM y JPYTUX BUIOB HA3€MHBIX CHEMOK. JlaHHBIA BHJ CBEMKH MOXKHO
UCIIOJIB30BaTh JUISl CO3JaHUS IIJJAHOB HACEJIEHHBIX ITYHKTOB, PACIOJIOKEHHBIX B
JOJINHAX, KOTJIOBMHAX MEXJY BO3BBIIIEHHOCTSMHU, C KOTOPBIX MOXHO IPOU3BECTH
cTepeoPOTOCHEMKY.

Hazemuyto crepeodororonorpaduieckyro ChEMKY MOXKHO TIPOBOJUTH B
COUETAHUU C AIPOCHEMKOM IJIsi CO3/aHMsI TOMOrpapuYecKux KapT B Maciitadax
1:10000 u menpue. B 3TOM ciiydyae Mo Ha3eMHBIM CHUMKAM MOYHO BBIIOJHUTH
ONpEENeHUs] KOOPJIMHAT KOHTPOJIBHBIX TOYEK, HCIOJIb3YEMBbIX MpU 00paboTKe
aspocHuMKoB. Kpome Toro, mnpu a’pochbEéMKe rIyOOKHE YIIeNbS MOTYT
CTEPEOCKOIUYECKH HE MPOCMATPUBATHCS, T.K. KOHTYpPA, PACIIOJIOXKEHHBIE B YIIEIbE,
MOTYT H300pa3uTbCA TOJBKO HAa OJHOM a’poCHUMKE. Takke 4YacThb TEppPUTOPUU
MOXeET OBITh 3aKpbITa HEOOJbIIMM O0JakoM. Takue "MepTBBIC 30HBI" JOCHUMAIOT
Ha3eMHOU cTepeodoTochEMKON. OaHAKO HYKHO OTMETUTh, YTO TPH HA3EeMHOU
cTepeo(OTOCHEMKE TPOIEHT HAIW4YUsl "MEPTBBIX 30H" BBINIE H3-3a TOTO, YTO
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BO3BBIIICHHOCTh WJIA BBICTYIl Ha CKJIOHE MOIYT 3aKpbiTb TEPPUTOPHH,
pacIONOKEHHBIE 32 HHMMH, MW IIPUXOJUTCS IPOBOAUTH  JIOIOJIHUTEIIBHBIC
(OTOCHEMOYHBIE U I€0JIe3UYECKUE PAOOTHI.

29.2. CprémouHas annaparypa

[Ipy BeIMOTHEHUU CTEPeOHOTOrpaMMETPUUECKON CHEMKH HCHIOJIB30BAIUCH
CrieluaibHble AaHAJNOTOBbIE (HOTOKAMEphl, B KOHCTPYKIMH KOTOPBIX BXOIMIO
YIJIOMEPHOE YCTPOWCTBO, HAa3bIBAEMOE OPHEHTHPYOIIUM ycTpoiictBoM. OHO
o0ecreunBago0 yCTaHOBKY TJIaBHOW ONTHYECKOM ocHu (HOTOKaMephl B 3aJaHHOM
HaNpaBJIEHUU OTHOCHUTENbHO Oaszuca ¢ororpadupoBanusa. PotochEMKa Benach, B
OCHOBHOM, Ha (DOTOIJIACTHUHKHU, XOTS HMENUCh (POTOKAMEphl, Yy KOTOPBIX Oblia
MpeaycCMOTpeHa ChéMKa W Ha (OTOIIACTUHKMA, M Ha (ororuiéHku. He y kaxmon
(dboToKamMepbl UMENCS 3aTBOP, T.K. MPU POTOrpapUpPOBAHUH HEMOABUKHBIX O0BEKTOB
OH He oOs3areneH. Dopmar Kaapa, B OCHOBHOM, ObLI MPSIMOYTOJbHBIN. JlJIMHHAs
CTOpOHA KaJpa OPUEHTHUPOBAIACH B TOPU30HTAIBHOM HAlpaBJICHUH. B Haiel crpane
MCITOJIB30BAJINCh IPEUMYILECTBEHHO (poTokamepsl bupmbl K.Ieiicc.
®otoreogouTHblii  koMIIeKT Photheo 19/1318  wucnonb3oBasica  mpu
Tonorpaduyeckoi cbEMKeE U COCTOST U3 (POTOKAMEpPBI, TEOA0IUTA, OA3UCHON PENKH U
TpEX IITATUBOB. YHHUBepcajdbHas (ororpammerpuyeckass kamepa UMK Obuia
co3zaHa VLS BBIIIOJIHEHHUS (doTochEMOK IPUKJIIATHOTO XapakTepa.
Crepeodororpammerpudeckas kamepa SMK Obina npegHazHaueHa Jid
cTepeoOTOCHEMKN C OJU3KUX pACCTOSITHUM M JHWHAMHUYECKHX ImpoueccoB. OHa
cocTosiia U3 ABYX (poTokamep, )KECTKO YKPEIJIEHHBIX Ha IITaHTE.

B cBa3u ¢ nmepexogoM Ha UU(pPOBbIE METOAbl NpPU  HA3EMHOU
cTepeo(oTorpaMMETpUYECKOl  ChEMKE  CTaJId  HCHOJB30BAaTh  LHHU(POBBIE
(oTokamepsml, a TAaKKE Ja3epHble CKAHUPYIOIIHE ChEMOYHbIE CHCTEMBbI.

29.3. OcHOBHbBIE CJIy4an Ha3eMHOI cTepeooTOCHEMKH

HazemHuas crepeodorochéMka Kakoro-ambo 0OBEKTa BBITTOIHASTCS C OJIHOU
WA HECKOJNbKUX (POTOCTAHUMM, COCTOSIIIMX W3 JBYX MWIM TPEX TOUYEK
dotorpadupoBanus. I[lpm >ToM MOXHO TNPUMEHHUTH CIEAYIONIUME Clydau
cTepeo(dOTOCHEMKHU: OOITNI, MapaJieIbHbIi M KOHBEpreHTHBIM. OOmmi ciay4yai
cTepeo(POTOCHEMKH XapaKTepU3yeTCsl TEM, YTO ONTHYECKas OCh (OTOKaMephl Mpu
NepeMeieHu ¢ OJHOM TOYKM (POTOCHEMKM Ha JAPYryl0 MEHSIET CBOE
MPOCTPAHCTBEHHOE TMOJIOKEHUE, HO MPU 3TOM Ha COCEAHMX CHUMKAX M300pakaercs
OOBEKT WJIU €0 OJIHU U TE K€ YaCTH.

[MapaanenbHblid ciay4yail cTepeodOTOCHEMKHM Ha3BaH TakK, IOTOMY YTO
onThyeckas och (hoToOKaMepsl Mpu €€ NepeMelIeHMH HE MEHSET CBOETO MOJIOKEHUS B
npocrpancTBe. [lapajuienbHbI ciaydall AEIUTCS HAa HOPMAJbHBIM, PaBHOMEPHO-

OTKJIO-HEHHBIN 151 PaBHOMEPHO-
“Z . / Y 7 HaKJIOHEHHBIM. Ecau ontuyeckas och
~4 2 dboToKamMepsl  TMEpPINEeHIUKYISIpHA K
/
o | .7 o' 6azucy dortorpadupoBanus (puc. 25), To
JI / [ I [ V) [ .
. %, TAKoH  cryuai CTepeoPOTOCHEMKHU




Ha3bIBAIOT HOPMAJBHBIM (OT ciioBa HOpMaub). [Ipy paBHOMEPHO-OT-KIIOHEHHOM H
PaBHOMEPHO-HAKJIOHEH-HOM CITy4asiX cTepeoPOTOCHEMKI ONTHUECKUE OCH, COXPaHSIS
B3aMMHYIO TapauIeIbHOCTh, OTKJIOHSIOTCS OT MEpHEeHIuKyIsipa K 0a3ucy BieBO-
BIIPABO WJIM OT TOPU3OHTAIBHOM MJIOCKOCTH BBEPX-BHU3.

Ecnu ontuyeckne OCHM COCEIHUX CHHUMKOB OTKJIOHEHBI HABCTpEdy IpYr K
Ipyry, TO O3TOT ciy4aid cTepeo(OTOCHEMKHM HA3bIBAIOT KOHBEPreHTHBIM (OT
JATUHCKOTO CJIOBA, O3HAYAIOIIET0 CXOAMMOCTh). T.K. B HacTosiee BpeMs 00paboTka
CHUMKOB npon3Boautcs Ha LIDC, nmapamienbHOCTh ONTUYECKUX OCEH MOYXKHO CTPOro
HE coOJIoAaTh M MPUMEHATh 0oOmmil ciydail crepeodorochémku. CrenoBaTelbHO,
(doTokamepa MOXKET HE UIMETh OPHEHTHPYIOIIETO YCTPOICTBA.

29.4. PacuyéT Ha3eMHOIi cTepeoPoTOCHEMKH

Bonpmoe BiamsHME HAa TOYHOCTh M 3KOHOMHYHOCTH (DOTOTpaMMETPHUYECKHX
ONpEJEICHU  OKa3bIBa€T  BBHIOOP  ONTUMAJIBHBIX  MApamMeTpOB  HAa3eMHOM
cTepeodOTOCHEMKH, K KOTOPHIM OTHOCSITCSI: OTCTOSIHHS TOUeK (oTorpadupoBaHus OT
oOwbekta, Oazuc (¢ororpadupoBanusi, (OKycHOe paccTosiHuEe (HOTOKAMEPHI.
Heobxoaumo y4uThIBaTh, 4TO HA HA3eMHOM (DOTOCHUMKE U3MEPSIIOT KOOPAUHATHI X U
Z (puc. 25), a OTCTOSIHUSI TOUYEK 00BEKTa OT (POTOKAMEPHI OMPEIEISIOTCS BIOJIb OCH
Y. Jna ynobctBa pacuéra napamMeTpoB Ha3eMHON CTEpeO(POTOCHEMKH HCIOJB3YIOT
dbopMysbl CBA3M KOOPAMHAT TOUYEK OOBEKTA M WX H300paKEeHMI Ha crepeonape
HOPMAJIBHOTO CITyJast:

X=EX=IX, Y:Ef, Z:EZ:IZ.
P f P P f
N3 stux dhopmyn BeIBOIATCS POPMYIIBI pacu€Ta TOUHOCTH ONPEACIICHUS] KOOPIUHAT.
m —Im m —Yzmp—Ym m —Ym (18)
X YT gy p P AT

rae My ¥ M, - TOYHOCTH M3MEPEHUS KOOPJMHAT TOYEK OOBEKTa HAa CHUMKE, My -
TOYHOCTh M3MEPEHHS Ha CTepeornape MmpoaoIbHOro napamiakca, b = B f/ Y - Gasuc
dbortorpadupoBaHus B MacTade CHUMKOB.

N3 dopmyn (18) BuAHO, YTO TOYHOCTH ONpPEACICHUS KOOPAWMHAT TOYEK
o0BeKTa Oy/IeT YMEHBIIATHCA C YBETUYCHUEM OTCTOSHUM Y TOYEK OT (POTOCTAHIIUU U
c yMeHblieHHeM Oaszuca B dotorpadupoBanus. T.K. TOYHOCTH OIpeaeICHUS
KOOpJIMHAT TOYEK OOBEKTa 3amaéTcs 3apaHee, MaKCHMaJIbHOE OTCTOSHHE Y max
dboTokaMmepsl OT 00BEKTa, e enié OyaeT moayyeHa 3agaHHas TOYHOCTh My, MOXKHO
paccuuTtarth o GopmyJie

Mp
BbIBeJIeHHOM 13 (hopmyIbl (18) pacuéra TouHocTu onpeneneHus oTcTossHus Y.
MuHHUMaNbHOE OTCTOSTHUE 3aBUCUT OT BBICOTHI 00BEKTA U €€ paCCUUTHIBAIOT I10

bopmyie
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rae Dz - makcumaiibHast BEICOTa OOBEKTA HA
MECTHOCTH, a lz - JIyIMHa CTOPOHBI Kaapa
BJIOJIb OCH Z.

MuHUMaIBHO JOMYCTUMYIO JUTUHY
6asuca dororpadupoBaHUs PACCUUTHIBAIOT
o dhopmyiie

B _ Ymax2 Mp
min —me ’
nonydyeHHod wu3 Gopmynsl (18) pacuéra
TOYHOCTH OTIPEJICIICHUSI OTCTOSHUS Y.
MaxkcuManpHOEe 3HaueHuWe Oasuca

dboTorpadupoBaHus 3aBUCHUT oT
| Brax MUHHAMAJIBHOTO OTCTOSTHHS Y min TIEPEITHETO
miaHa oOwvekTa (puc. 26), muuHB lx
Puc. 26 CTOPOHBI Kajapa BJIOJIb Oasuca
dbotorpadupoBanus U POKyCHOTO paccTOSTHUS POTOKAMEPHI
B _ Ymin |
max = ¢ X

T.. MaKCHUMaJbHBI 0a3uc 93TO JJIMHA CTOPOHBI KaJpa BIOJb 0Oaszuca
dboTorpadupoBanus B MacmTabe cHUMKA. CBS3b ATHUX BEIUYMH COOTBETCTBYET
PACIIOJIOKEHUI0 M300pakeHUH M U M OmmkHe Touku o0O0bekTa M Ha
MPOTHUBOIIONIOKHBIX ~Kpasx JIEBOTO M TMPaBOrO CHUMKOB. To4dkn 0OBEKTa,
pacrnoioxkeHHbIe OJMKe, 4eM Touka M, He OyayT n300pakaTtbcs Ha 000MX CHUMKAX,
a PAacroJIOKEHHbIE CJIeBa WJIM cIpaBa OyayT u300pakaThCsi TOJBKO Ha OJHOM
cHumke. TakuMm oOpa3oM, 00J1aCThb CTEPEOCKOIUYECKOTO0 BOCHPHUATHS Oyaer
OXBAaThIBaTh YYaCTOK MECTHOCTU B BHUJE KJIMHA C BEPIIMHOW B ONMMXKHEH Touke (Ha
PUCYHKE Ha4aJio 3TON 00JIACTH TTOKA3aHO MITPUXOBKOM).

Takum o00pa3om, Mmpu BHIOOPE MeCTa PacMoiOKeHUs (POTOCTAHIIMU TOUYKU
dboTorpadupoBaHus Sy W Sy HY)KHO pacronaraTb Ha paccTosHUM B, 3HaueHHe
KOTOPOTO HE JOJIKHO BBIXOJUTH 32 TpeAeibl B, < B < By

B ropoackux ycioBusix HazemMHash CTepeo(OTOChEMKA apXUTEKTYPHBIX
COOPY)KEHUI OTCTOSTHUE (OTOKAMEpPhl OT CTPOCHHS OTPAaHUYMBACTCS UIUPUHOU
yIWIBI, a BHYTPH 3JaHUS - pa3MepaMu ero mnomernieHuil. Takum oOpazom, 3TH
OTCTOSIHASL MOKHO H3MEPHUTHh JOCTATOYHO TOYHO, TOITOMY KOHEYHAsh TOYHOCTH
3aBUCUT OT pa3mepa 0Oazuca ¢dortorpadupoBaHus, KOTOPHIA PACCUUTHIBAIOT TIO

dbopmye
Px Y
B=1, (1— —Xj —,
100/ f
rie lx - pasmep kaapa Baosb 6asuca otorpadupoBanus, Py - MpOLEHT IPOA0ILHOTO
TIEPEKPBITHS.

Ecnu cTtpoenune qiimHHOE M BBICOKOE, TO (DOTOCHEMKY BBITIOJHSIIOT 10 IPUMEPY
a’podoTochéMku. C 3eMHOI MOBEPXHOCTU BBITIONHAIOT (POTOCHEMKY €r0 HIDKHEH
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yactu. basucel gororpadupoBanrs ycTaHABIMBAIOT IO CTBOPHOM JTMHUH, IPUMEPHO
napajuienpHON MiockocTd (acama. Torma mpaBwlii CHUMOK TepBoro 6asmca Oymer
JIeBBIM CHUMKOM BTOporo 6azmuca u T1.1. [lomydaercs mapmpyTtHas gorochémka. B
ATOM CJIydae MPOIICHT MPOJOIBLHOTO MEePEKphITUs Py 3amaroT mpumepHo 60% u umcio
0a31COB BBIUUCIAIOT 1O (hopmyJie
\Dx
B

rne Dy - nuHa cTpoeHusl.

s poToChEMKH BEpXHEH YacTH CTPOCHUS MO0 OTKJIOHSIOT ONTHYECKYIO OCh
doTtokamepsl BBepX, JHO0 (OTOCHEMKY BBIMOIHIIOT W3 OKOH U € OajiKOHOB
MIPOTHUBOIIOJIOKHOTO CTPOCHUS WJIM K€ HCIOJIB3YIOT aBTOMOIBEMHUK. [Ipu BTOpOM
BapuaHTe (oTOKaMepy MOJHUMAIOT Ha BBICOTY, BRIYUCICHHYIO TIO (hopMyIIe

oomtof12)Y
100/ f
rae |z - pasmep kaapa Baosb ocu Z, Pz - IPOIIEHT MOMEPEUHOT0 MEPEKPHITHS MEXKTY
CHUMKaM, KOTOPBI 3a/1a10T, mpumepHo, 30-40%.
Yuciio MapuipyToB Nz MOKHO BBIYUCIHTH 1O (HopMyJie
Dz
Ny =—,
Bz

rae Dz - BeicoTa cTpoeHUsI.

29.5. TlosieBble M KaMepaJbHbIe PadOThI

B moJsieBbie padoThbl BXOJAT: PEKOTHOCHMPOBKA MECTHOCTH, T'€OAE3UYECKHUE
usMepenusi, (QororpadupoBanue, ¢GoTomadopaTOpHbIE PpabOThl MPU  ChEMKE
aHajioroBoii  (orokamepoii, nemmdppupoBanue. B  xome PEKOTHOCIUPOBKHU
MECTHOCTH:

- YTOUHSAIOT I'PAaHULBI CBEMOYHOTO YYacCTKa,;

- YCTaHaBJIMBAIOT PACMOJIOKEHHUE ITYHKTOB T'OCYJAPCTBEHHOW I'E0/I€3U4ECKOM

CeTH;

- BBIOMpAIOT MecTa pacnojiokeHus Qorocranmuii. Ilpu BbIOOpE MecT
pacnoioxkeHus: (POTOCTAaHUUKA HUCXOIAT U3 YCIOBHS, 4TO (hoTorpadupoBaHue BCETO
ydacTKa JOJKHO OBITh MPOM3BEACHO C HAaWMEHbIIero ux yuciaa. [Ipu sTom umcio
"MepTBbIX" MPOCTPAHCTB HA CTEPEOCKONMUYECKOM HM300paKEHUH JOJIKHO OBITh
CBEJICHO K MUHUMYMY C LIETIbI0 COKpPALIEHUS 3aTpaT Ha T0CHEMKY;

- HaMEYarT CHOCOOBI MPHBSI3KH CTaHIMK K TEOJC3UYSeCKOM CeTH U
OINpPENENICHUS] KOOPAUHAT OMOPHBIX U KOHTPOJIBHBIX TOYEK.

[Tocne BBIOOpa MONOXKEHUs (HOTOCTAHIIMKA YCTAHABIMBAIOT TPAHUIEI PAOOUNX
Ioniaiel KakKaou crepeonapbl, KOTOpble OYIyT MOJIy4YeHbI Ha 3TOH (OTOCTaHIINH, U
B Ipelenax 3TUX IUIOMAJE HaMeyaroT ONOPHBIE M KOHTPOJbHBIE TOUYKH. Ecnu
HY>KHO, UX MapKUpPYyIOT. B Xo/1e BIOTHEHHS Ha (POTOCTAHIIMU F€OIe3UYECKUX padoT
U3MEPSIOT T'e0/Ie3MUeCKre KOOPAMHATHI ToueK (hoTorpadupoBaHUs U KOHTPOJIbHBIX
TOYeK, JuHy Oazuca QororpadupoBanus. CpelHHE TMOTPEIIHOCTH B TOJOKEHUIX
Touek (pororpadupoBaHusl, OMIOPHBIX U KOHTPOJIbHBIX TOUEK HE JIOJKHBI MTPEBBIIIATD
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0,2 MM B MacmTabe co3mgaBaeMoil KapThl, a 1O BbICOTE (0,2 OT BBICOTHI CEUEHUS
penbeda, BEIOpaHHOM 1JIs CO3/1aBaeMOM KapThl.

dotorpadupoBaHre MECTHOCTH (0OBEKTAa) TIPOU3BOIAT BO BpeMs €€
HamTyulel ocBemEHHOCTH. POTOCHEMKY ¢ 000MX KOHIIOB 0Oa3uca MPOBOJSAT B
MUHHUMAJIbHO KOPOTKHUU MPOMEXKYTOK BpPEMEHM, 4TOOBl 00a CHUMKA CTepeornapbl
OB TOJIy4eHBbl TPHU OJIMHAKOBBIX YCJIOBHSX oOcBemlEHHOCTH. [Ipu ¢orochémke
undpoBoi GorokamMepoii 1 HATMYNM KOMIbIOTEPAa (HOYTOYKa) CHUMKUA BBOJST B
KOMITBIOTEP, HA KOTOPOM BBINOJHIIOT MAapKHPOBAHUE OIMOPHBIX W KOHTPOJIHHBIX
TOYEK W HAHOCAT pe3yJabTaThl TMoyieBoro aemudpupoBanus. Ecam cbéMmka
BBITIOJHSCTCSI AHAJIOroBoil GoTOKAMepoi, TO SKCIIOHUPOBAHHBIE (OTOMIACTUHKH
(poTomn€Hkn) MPOSIBISIIOT Ha (POTOCTAHIIMU, YTOOBI M30€XKaTh BO3ZMOXKHOTO Opaka
IIPY OTIPENICTICHUH BBIICPKKH WIIA TI0 ApyTruM npudrHaMm. C MOJy4eHHBIX HETaTHBOB
W3TOTABIMBAIOT KOHTAKTHBIC OTIEYATKH, HA KOTOPHIX OTMEYAIOT KOHTPOJIbHBIC TOUKH
¥ HAHOCST Pe3yJIbTaThl MOJIEBOTO Tonorpaduueckoro aemudpupoBaHus.

Kamepanbnas ¢ororpammerpudeckasi 00padoTka Ha3eMHbIX (POTOCHUMKOB
MIPOU3BOJIUTCS TaK ke, Kak U 00paboTka a’pocHUMKOB. Ho HazemHbIe POTOCHUMKH
UMEIOT Tepel a’pOCHUMKAMH TMPEUMYIIECTBO - WX OJEMEHThl BHEIIHETO
OPUEHTUPOBAHUS ONPENEIISIOT T€0AC3UYECKUMH U3MEPEHUSIMHU U, CIIeIOBATEIbHO, X
o0OpaboTka ymporiaercs. Pe3ynbTaTsl poTOrpaMMeTpudecKoi 00pabOTKH Ha3eMHBIX
(hOTOCHUMKOB MOTYT OBITh MPEJICTABIIEHBI KaTaJOTOM KOOPJIMHAT TOYEK 00BEKTa WIIN
COBOKYITHOCTBIO  JaHHBIX LU(POBOM  MOJEIM  TMOBEPXHOCTH  COOPYKCHHS,
rpauUYecKuMU 4YepTeKaMH, IUIaHAMHU, pa3BepTKamu, NpoduisMu, (HOTOIIaHaAMHU U
dboTocxemamu.

29.6. Onpenenenue aegopmaiuii 00beKkTa

Onpenenenue npedopmainuii  o0bEKTa MPOUBBOAAT 4Yallle Pa3TUYHBIMU
reo/Ie3NYECKUMHU METOIaMH, TTO3BOJISIFOIIMMU YJIOBUTHh BECbMa MaJIbIE MTEPEMEILICHMUS.
OpnHako OHU HE JTal0T BO3MOXXHOCTH (DMKCHUPOBATH MIEPEMEIIIEHNE BCEX TOUYEK B OJIUH
U TOT )K€ MOMEHT BpeMeHH. B 3TOM oTHOmIEHHH (HOTOrpaMMETPHUUYECKUE METObI
MMEIOT MTPEUMYIIECTBO, XOTS IO TOYHOCTH OHH YCTYIAIOT T'€0/I€3NYECKUM METO/IaM.

Omnpenenenus  pegpopmanuii  (GoTOrpaMMeTpUYECKHUMH  MeTOJXaMH
BBINOJIHAKT NMYTEéM CPABHEHHMSI MeXKAY CO00i CHHUMKOB 00beKTAa, MOJyYeHHbIX
A0 MW mocae mosiBjeHusi jAedopmanmii. s  onpexenenus aedopmaruit
UCIIOJB3YIOTCS KaK OJWHOYHBIC CHUMKH, TaKk U cTepeonapbl. OJIMHOYHBIE CHUMKH
MO3BOJIIOT OMNpEASTuTh JAedopMalud B IUIOCKOCTH, NapauieIbHOW TIOCKOCTH
cHuMKa. [1o cTepeonapam BBISBIISIIOT IPOCTPAHCTBEHHBIE CMEIICHUS TOYEK 0OBEKTA.

[TapameTpbl GHOTOCHEMKH PACCUMTHIBAIOT, MCXOJS M3 3aJaHHOM TOYHOCTH
onpenenenus aedopmanuu. g GoTOCHEMKM OAMHOYHBIMH CHUMKAMU OCHOBHBIM
napaMeTpoM SBJISIETCS OTCTOSIHHE; ISl CTEPEOdOTOCHEMKH - OTCTOSIHUE W 0asuc
dbortorpadupoBanus. C LEIbO TMOBBIIICHUS TOYHOCTH OMNpeaeiieHus achopmaiiuit
BBITIOJIHAIOT MHOTOKpaTHyIO0 (otochémky obObekTa. Ilepen doTochéMkoit Ha
MOBEPXHOCTH 00BEKTA MPOU3ZBOAT MAPKUPOBKY TOYEK, CMEIICHUSI KOTOPHIX HYKHO
ONPENIeNIUTh, U TOYEK, KOTOPHIC SIBIISFOTCS HEMOABUKHBIMU (3apaHee M3BECTHO, YTO
OHH HE OyIyT CMEMIaThCs). DTH TOYKU UCIIOJIB3YIOT B KA4E€CTBE OMOPHBIX.
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CymecTByeT jaBa criocoba omnpenencHus aedopmarmii: 1) HyimeBoro 6asuca u
2) cTepeooTorpaMMETPHUYCCKHUI.

Cnoco0d HysaeBOoro 0asmca wWiv Crnocod CMeleHMH HCIOJB3YETCA TOT/a,
Korja JedopMalMoHHbIE MPOLECCHl MPOUCXOJAT B IUIOCKOCTH, NapajljiebHOU
MJIOCKOCTH CHUMKA. DOTOCHEMKH BBITIOIHSIOT MIPH CIECTYIONINX YCIOBHSIX:

- HCTIOJIB3YETCs OJIHA U Ta ke PoTOKaMepa;

- TJaBHasg OMNTHYECKass OCh (HOTOKAMEpPhl SIBISETCS MEPHEHAMKYIIPOM K
TUIOCKOCTH, B KOTOPOM HY>KHO OTIPEACIUTh CMEILICHUS;

- IPOCTPAHCTBEHHAsI OpUEHTAIHS (POTOKAMEPHI T0JKHA OBITh HEM3MEHHOM;

- orcTosiHue Y (PoTOKamMepbl OT HCCIEIyeMOro OObEeKTa H3MepseTcs Tudo
HEMOCPEACTBEHHO, MO0 MO cTepeonape, KOTOPYIO MOJIy4aloT CO BCIOMOTaTeIbHOTO
6azuca gororpagupoBaHus.

®opmyibl pacuéra cMmenieHuit AX u AZ Touek 00beKTa UMEIOT BUJL:

xz—xlexzv@zY%,

7, -7 -Az-v22"A_yA2
f f

re Xy, Z; - KOOPJAUHATHI, U3MEPEHHBIC HA CHUMKE TIEPBOTO CEaHca,

X1, Z1 - KOOpAMHATHI TOYKHU 00BEKTA, BRIUUCICHHBIC 110 KOOPAUHATAM X1, Z3,

Xz, Zy - KOOPJIMHATHI, U3MEPEHHBIE HA CHUMKE BTOPOTO CEaHca,

Xz, Z; - KOOpAUHATHI TOYKHU 00BEKTA, BBIUUCICHHBIC 110 KOOPAUHATAM X3, Z».

OxugaeMyr0 TOYHOCTH  OmpeaeieHus aeopManuu  3TUM  CIIOCOOOM

pPacCUMTHIBAIOT MO (hopmysiam:

(19)

Y Y
Max =% Max:  Maz == Maz. (20)

Ha ocHOBanmm »TuX (QOpMyT MOXHO CHACNaTh BBIBOA, YTO TOYHOCTH
ompenencHus aepopManuu OyAeT BO3pacTaTh C YMEHBIICHUEM OTCTOSHUA U
yBeIMYEeHHEM (POKYCHOTO pacCTOSHUS (DOTOKAMEPHI.

CrepeodoTorpammerpuueckuid cnocod 1mo3BoJsICT ONpeACIATh aepopMarun
Ha OOBEKTe BIOIb TPEX KOOPAMHATHBIX oOceid. B asToM ciydae mnpousBoaAT
$OTOCHEMKY € OJHOTO W TOTO XK€ 0Oasuca n0 W mnocie nedopmainuu. Pacuére
BBITIOJIHSIOT TI0 (popMyIiam:

X » —X 2.5 —2
AX:Y%:mAX; AZ:Y%:mAz,

(Xn2 — an) — (Xn2 _ an)
b

7€ Xu1, Xuly Xn2y Xu2y Zn2, Zy1 - QOCIIMCCHI M AIIMIJIMKATHI TOYKH, N3MEPCHHBIC HA JICBOM
U IpaBOM CHUMKax CTepeorap, MOJYYCHHbIX 10 W mocie aedopmaruu, b - 0asmc
dboTtorpadupoBanus B MacITabe CHUMKOB.

Tounocts  ompenenenuss  aedopManuu  CTepeoPOTOrPaMMETPUUECKUM
CIIOCOOOM MOJKHO TOBBICUTH, €CJTM U3MEPEHUS] CHUMKOB BECTH IO CIIOCO0Y HYJIEBOTO
6azuca. B aTom ciiydae popmyibl onpenenenus neopmaiiuii 0y1yT UMETh BU:

AY =Y
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B AX9y — AXq B AX9 — AXq

AX = X1+AX1 , A= 21+A21 ,
X1 =X\ X1 =X X1 =X\ X1 =X
AXo> — AX
AY=—Bf2—%.
(X —x2)

rae X, AX,, Zz;, Az; - WU3MEpEHHbIE 3HAUYECHUS KOOPJMHAT TOYEK HA CHUMKAaX,
MOJIYYCHHBIX C JIEBOTO KOHIIA 0a3uca 10 U mocie AeGpopMaIinm;
Xp, AXp, Zp AZ, - HW3MEpPEHHBIE 3HAYEHHS KOOpPJIMHAT TOYEK HA CHHUMKaXx,
MOJTYYEHHBIX C IIPaBOro KOHIIa 0a3uca J10 1 mocsie aedopmMaliuu.
OnHako TIOBBIIIIEHWE TOYHOCTH OmpeAeneHus aedopmaiuii OyJIeT TOJIbKO
BJIOJIb KOODJWHATHBIX OCEHW, TNapauieIbHBIX TIUIOCKOCTH CHHUMKa, W Oyner
COOTBETCTBOBATH CIIOCOOY HYJIEBOrO Oa3uca.

29.7. OnpenesieHue HANMPABJIEHUSI U CKOPOCTH BOJHOI0 NMOTOKA

[Ipn uccnemoBaHMM COCTOSIHMS BOJHOM CpEIbl B JAHHOM palOHE IOMHMO
ONpENEIICHUs] TaKWX II0Ka3aTeliel KaK XapaKTEPUCTUKU BOJHEHUsS BOJHOU
MOBEPXHOCTH, IIyOMHA, a TakKe TEeMIIepaTypa, COJIEHOCTh U XUMHUYECKUH COCTaB
BOAbl HA pa3HbIX NIYOMHAX HEOOXOAMMO OMNPENEIATh CKOPOCTh M HAaINpaBIEHUS
TeueHuu. J{s 3TUX uenel MOKHO MPUMEHUTH (POTOTPAMMETPHUUECKYIO ChbEMKY.

®OoTOChEMKY MOYKHO BBINIOJHATH Kak C camojieTa, Tak W C Oepera.
[TpenBapuTenbHo B mojoce chbEMKH pa3OpachiBaloT noriaBku. Ha cHuMkax, kpome
NOIJIABKOB, JTOJKHBI M300pa)kaThCsl HEMOJABHM)KHBIE OOBEKTBHI: KOHTYPbI O€peroBoi
II0JIOCKI, OCTPOBA, HCKYCCTBEHHBIE COOPYKEHU U T.11. Ha camonére nox KpbUibsiMU B
CHELMAJIbHBIX TOHJI0JIaX IMOJBEIINBAIOT ABE (POTOKaAMepbl U MPOBOIAT (POTOCHEMKY
yepe3 3aJaHHbId MHTepBal BpeMeHU. [0 OAMHOYHBIM cTepeornapam ONpenessoT
MOJIO)KEHUSI TOIJIABKOB  OTHOCUTENBHO HEMOJBMKHBIX OOBEKTOB. 3areM IO
Pa3HOCTSIM  KOOPAMHAT  TOIUIABKOB, IIOJYYEHHBIX HAa  IOCIEA0BATEIbHBIX
cTepeonapax, pacCUMTHIBAIOT HAIPABICHHUS CMELIEHUS IOIUIAaBKOB M CKOPOCTH MX
CMELICHUM.

Takoi xe cnocod MOXXHO MPUMEHUTH NMpHU (HOTOCHEMKE C Oepera peku IByMs
dhoToKkamMmepamu, y KOTOPHIX JTOHKHO OBITh OJJHOBPEMEHHOE cpabaThIBaHHE 3aTBOPOB.
B oTinuune ot a’spochEMKH (POoTOKaMephbl CTOST HEMOJBUKHO M 3JE€MEHThI BHEIIHETO
OpPUEHTUPOBAHUSI CHUMKOB HE MEHSIFOTCS.

CKOpOCTh BOJTHOTO MOTOKA PACCUUTHIBAIOT 1O (hOpMyJie

AD  VAXZ? + AY?

\ = —
At At
rae Al - HTEpBaI BpeMEHU MEXKy MOCIe0BaTeIbHBIMU Cpa0aThIBAHUSIMU 3aTBOPOB
dboTokamep,
AD - nepeMeliieHne MoriaBka ¢ MOTOKOM 3a BpeMsi At,
AX, AY - u3MeHEHusT KOOpAMHAT MOIUIaBKAa 3a BpeMs At, ompeaeli€HHbIE 10
HU3MEPEHUSAM CTEpEoIap U BBIUYUCICHHBIC 110 (hopMyiam
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ax=B[X_X]  ay-pf[1_1
P- P PP
rae X', p' - abcrucca M MPOJOTIBHBIA Mapaiake TOYKHA M300paKEHUs MOIUIaBKa Ha
HCXOJHOM cTepeonape,
X", p" - abcumcca U MPOIONBHBIN Napajulake TOYKU W300pa)KCHUs TOIJIaBKa Ha
cTepeornape, MOJTy4eHHON Yepe3 HHTepBajl BpeMeHu At,
B - 6a3uc ¢ororpaduponanus,
f - dokycHoe paccTosiHue GoTOKaAMEpHI.
TouHOCTB OmpeneneHus: CKOPOCTH MOTOKA PACCUNUTHIBAIOT 1O (OpMYyIIe

Vi
AD At’

1€ Myt - TOYHOCTH U3MEPECHUSI MHTCPBAjIa BPEMCHU.

my,

29.8. [IpuHIUN cCHbEMKHM 00bEKTOB HA3eMHbBIM JIa3€PHBIM CKAHEPOM

B mnocnegnue ronpl TpéxmepHoe Jia3epHOe CKAHMPOBAHME HAXOAUT BCE
OoJiblliee MpUMEHEeHUe npu coope uppoBoil HHPOPMALIMK O PAZTUYHBIX OOBHEKTaX.
JlazepHbIil CKaHep HCMOJB3YETCs Kak Mpu a’podOTOChEMKE, TaK U MPU HA3EeMHOMU
dorocrémke. B anrnmiickolt muteparype ucnosbdyercs HazBanue LIDAR (aupap) -
Light Identification, Detection and Ranging. TpéxmepHoe J1a3epHOC CKaHHPOBAHHE
MO3BOJISIET MOJIY4YaTh HE TOJBKO LHU(PPOBYIO MH(MOpMAIHIO 0 ero Gopme, pasmMepax u
MPOCTPAHCTBEHHOM TOJOXEHUH B 33JaHHON CHCTEME KOOpPAMHAT MPAKTUYCCKU B
peXHUME pearbHOTO BpEeMEHH, HO M300pakeHrne MOBEpXHOCTH o0BekTa. CoueTaHme
Ja3epHOTO CKaHUpOBaHUS € (OTOCHhEMKOW HHPpPoBON (doToKaMepoil obierdaer
nemr@pupoBaHue  OTACNBHBIX  3JEMEHTOB  OOBEKTa, IMOBBIMIAET  KauecTBO
co37aBaeMbIX U(PPOBBIX MOJENEH, (POTOTUTAHOB U TJIAHOB.

HazeMHoOe 51a3epHO€ CKaHWPOBAHME UCHOJB3YIOT JJISl TOJYYEHUS JETalbHbIX
YHUCJIEHHBIX XapaKTEPUCTUK CTPOEHUH, WHXKEHEPHBIX OOBEKTOB (MOCTOB, ICTaKas,
TpyOOIIPOBOJIOB, JHMHHMH 3JEKTporepenayd, KapbepoB, TOHHENEW W T.O.) U UX
TpexXMepHbIX U(POBBIX Mojeneil. Hampumep, npoBeieHre J1a3epHON CKaHUPYIOIIEH
CBhEMKH B Kapbhepax JI0 U MOCJIe TPOBEACHHSI 3eMIISTHBIX pabOT MO3BOJISIET ONEPATUBHO
onpenensaTh 00bEM M3BICUEHHON 3eMIIIHOM Macchl. JlazepHoe CKaHMpOBaHUE
NPUMEHSIOT HE TOJIBKO JJIsI ChbEMKH 00BEKTOB CHApPYXKH, HO U BHYTpH. B pesynbrare
nosydaroT [HU(POBBIE MOJENIN, TMOJHOCTHIO XapaKTePU3YIOIIME BHEIIHEE W
BHYTpEHHEE CTpoeHHue oObekTa. T.K. TONOKEHHS TOYeK OOBEKTa Ccpazy Ke
¢ukcupyloTcs B €IMHOM CHUCTEME KOOpAMHAT, HUX B3aWMHBIE MOJIOKEHUS
00ecneunBalOTCsl C TOYHOCTBIO, KOTOpas OMNPENeNseTcs TOYHOCTBHIO JIa3epHOIO
CKaHepa U €ro pacCTOSIHUEM OT OOBEKTa.
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[TpunHuMI nEACTBUS Ta3epHOTO cKaHepa (puc. 27) MOX0XK Ha MPHUHIIUI JEHCTBUS

M

Z

V><

Puc. 27

Ja3epHOro nainpHOoMepa. Jlazep U3MydaeT CBETOBBIE UMITYJIBCHI C OOJBIION YacCTOTON
(IecATKM ThICSIY HMITYJIbCOB B CEKyHAY). MMmmynbebl, AOWAs 1O MOBEPXHOCTU
0o0OBEKTa, OTpaxalTcsd MW  BO3BpamaloTcss oOpatHo. OHM  yJIaBIMBAIOTCA
BBICOKOUYBCTBHUTEIIbHBIM NPUEMHUKOM. B pe3ynbrare u3mepsieTcsi pacCTOSHUE OT
ckaHepa g0 oowekra: D=0,5vt, roe V - CKOpOCTh pacmpoCTpPaHEHHs CBETOBOTO
UMIyJIbCa, T - BpeMs IpoxoJia UMITyJIbca MPsIMO U 0OpaTHO.

OZHOBPEMEHHO C MOMOIIBIO CEPBOMOTOPOB ONTHYECKHI JIyd IEpEMEIIACTCS B
BEPTUKAJILHON U TOPU3OHTAIBHON MIOCKOCTAX, KaK Obl "MpONIyIbIBas" MOBEPXHOCTh
oObekTa. [lonoxkeHue ayya B cUCTEME KOOPJIMHAT CKaHepa (PUKCUpYyeTCs yriamu T (B
TOPU3OHTAIBHON TIJIOCKOCTH) W Vv (B BepTUKAIBHOM Tmiockocth). KoopauHatbl
TEKyIIe TOUKHU BBIYUCISAIOTCA IO (popmyram

XM COSVCOST
Ym |=Dpm| cosvsint
ZM sinv

Ecnu HyXHO MOJXYYUTh KOOPAWMHATHI B JIPYyroil CHCTEME KOOpAMHAT, TO
UCIIOJIb3YIOT (POPMYIIbI

X Xg XM Xg COSVCOST
Y |=| Ys |[+| Ym |=]| Ys |+Dpm| cosvsint |,
Z ZS Zl\/l ZS sinv

rae Xs, Ys, Zs - KOOpAMHATHI Hayaja CHUCTEMbl KOOPJMHAT CKaHEpa B CHCTEME
KOOpAWHAT, HalpUMep, I'eOAC3MUYECCKON WM CHCTeME KoopawmHaT oObekTa. YacTo
MPUBSI3KY MOJIOKEHUS CKaHEpa BBIMOJHAIOT C UCMoJab30BaHueM GPS-npueMHUKOB U
AJIEKTPOHHBIX TaXEOMETPOB.
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CoBpeMEHHBIE CKaHEphl HMMEIOT BO3MOXXHOCTH padOTaTh aHAJOTUYHO
TaxeoMeTpy. biaromaps BCTpOCHHOMY JIByXOCEBOMY KOMIIEHCATOPY IIOJIOKEHHE
IJIaBHOW TOYKU MHCTPYMEHTa paboTa CKaHepa Ha OJJHOUM MO3UIMU KOHTPOIUPYETCS B
TeYeHue Bcero nepuoja. [loMruMo 3TOro, B CKaHep yCTaHABIMBAIOTCS MPOTPAMMBI U3
CTaHJapTHOTO HabOpa TaxeoMeTpa: MPUBS3Ka K TOUKE C U3BECTHBIMU KOOpPJIMHATAMU
(ompezeneHne BBICOTHI MpUOOpPA, U3MEPEHUE AUPEKIIMOHHOTO YIJIa), pa3iuvyHbIe
BU/IBI IPSIMBIX M OOPATHBIX 3aCE€YECK U BEIHOC TOYEK B HATYPY.

Kpome xoopauwHaT B CKaHEpe PETUCTPUPYETCS WHTEHCUBHOCTH OTPaKEHHOTO
CUTHAJIa, KOTOPAsi 3aBHCUT OT CBOMCTB OTPAXKAIOIIEH MMOBEPXHOCTH, yTila MKy HEIO
W JIa3EPHBIM JIY4OM, a TaK)Ke OT PACCTOSHHS JI0 00bekTa. DaKTUYCCKH TOTyIacMbIN
mapamMeTp HWHTEHCHBHOCTH €CTh HHMYTO HMHOE, KaK MOIIHOCTh BO3BpaIacMoro
curHaia. Berpoennas nudpoas porokamepa obecriedynBaeT MOJyYEHHUE IIBETHOTO
n3o0paxenus. M3o0paxeHus, MoJydeHHbIE C MOMOIIBIO CKaHepa, (PUKCUPYIOTCS B
3Q/ITAaHHBIX HANPaBJICHUSAX, MPU KOTOPHIX OHHU IOJIYYEHBI, U TEM CaMbIM CO3JaéTCs
"cepuueckoe" wu300pakeHHE, COCTOsSIee M3 MHOXKecTBa CHUMKOB. IlomoOHOe
HM300pakKeHUe MOXKET ObITh MCIIOJIH30BAaHO JIUIA ""paciiBeUMBaHUs" U3MEPEHHBIX TOUYEK
B IIBeTa 00Jiee MPUBBIYHBIC JIS YEJIOBEUECKOTO IJ1a3a.

[Io okOHYaHMM ceaHCa CKaHHPOBAHUS TMOJy4yaeTcs HaO0p TPEXMEPHBIX
M3MEPEHUI, OMUCHIBAIOIINX MOBEPXHOCTh 00bekTa (€€ Ha3bIBatOT "00JaKOM" TOYEK).
Kaxmas Toyka uMeeT TpU KOOpPAWMHATBHI M 1BET, XapaKTEepU3YIOUIUH YpPOBEHb
WHTEHCUBHOCTU NPUHATOrO0 cUrHaja. C yBEIMYEHHEM PACCTOSIHUSA OT CKaHepa 0
00BEKTa NHTEHCUBHOCTb ONTUYECKOTO JIyda YMEHBIIAETCS 3a CUET €ro pacCerBaHUs,
a TaKXKe YBEIUYMBACTCA PACXOAMMOCTH Jy4da. COOTBETCTBEHHO, NAJACT TOYHOCTH
U3MEpPEHHI U pasperiaroniasi CHoCOOHOCTh MosyyaeMoro u3zoopaxenus. Hanpumep,
npu JanbHOCTH 50 M TOYHOCTH OMPEENICHUs TOJIOKEHUS TOUYKA paBHA MPUMEPHO 6
MM, @ TOYHOCTh U3MEPEHUS PACCTOSIHUS OKOJIO 4 MM.

30. KAJACTPOBBIE KAPTOI'PA®UYECKUE JOKYMEHTbBI

B xauecTBe KaacTpOBBIX KapTOrpapuUecKux JOKYMEHTOB HUCTIOIb3YIOTCS:

- KOHTAaKTHBIC WJIA YBEJINYEHHbIE CHUMKHU,

- MPOCTHIE UJIN YTOUYHEHHBIEC (DOTOCXEMBI,

- cTepeoPOoTOCXEMBI,

- ¢oTorutanbl (OpTO(OTOILIIAHBI),

- (oTokapThl,

- KapThl U TJIAHBI.

OnnHoOYHbIE CHUMKH HCTIOJB3YIOT MPHU COCTABICHUH 3€MENIbHO-KaJacTPOBBIX
IJJAHOB HAa PAaBHUHHYIO CEJIbCKYI0 MECTHOCTh. KOHTypa mepeHOCAT ¢ KOHTAaKTHOTO
OTII€YaTKa Ha OCHOBY TUIaHA WJIM CHUMOK YBEIWYUBAIOT J0 HY)KHOTO MaciiTada u Ha
HEM BBIYEPUYUBAIOT KAJAACTPOBYIO HH(POPMAITHIO.

NudpakpacHbie (TEMJI0BbIE) CHUMKH TPUMEHSIOT JJIsl KOHTPOJISI TEMJIOTPACC
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Y TETJIOU30JISLIHUH.

OcHOBHBIE 00JIACTH IPUMEHEHUS KOCMHYECKHX CHUMKOB:

- oOHoBNeHue KapT Maciitaba 1:10000 u menbue,

- KOHTPOJIb MCHOJIB30BAHMS 3eMelb (3arpsi3HeHUEe, HE3aKOHHBIE MOCTPOUKHU U
T.1.),

- pA 3aa4 MOHUTOPUHIA 3€MEb.

doTocxeMbl CO3JAIOT U3 HETPAHCPOPMHUPOBAHHBIX CHUMKOB U HCIOIB3YIOT
npu  Jemu(ppUpOBaHUHA. YTOYHEHHBIC (POTOCXEMBI CO3JAIOT U3 CHUMKOB,
YBEIIMYEHHBIX JI0 33JIaHHOTO MaciiTabda, U HAHOCAT Ha HUX KOOPJAMHATHYIO CETKy. B
PaBHUHHOW MECTHOCTH OHH MOTYT OBITh KapTOrpapUUYeCKUM MaTEpPHAIOM IEPBOTO
npuOIKeHus1 JUIsl HaHeceHHus KaaacTpoBod uHpopmanuu. CtepeodoTocxeMbl
MIPEICTABIISIIOT COOOM JIBE MapIHIpyTHBIE (hOTOCXEMBI, CMOHTHPOBAHHBIE U3 YETHBIX U
HEUETHBIX CHUMKOB. WX MOXXHO HCIOJI30BaTh ISl JCMIU(PPUPOBAHUS KOHTYpPOB
PaBHUHHOM U BCXOJIMJIEHHOM MECTHOCTH.

®otomnanbl (0pTO(OTOMIAHBI) HECYT OOJBIIYI0 KOHTYPHYIO Harpysky,
MIOATOMY OHH IIMPOKO HWCHOJIB3YIOTCS [IJIsi PEHIEHUS LIMPOKOTO Kpyra 3ajad
KaJacTpa.

@oToKapTHI MPEACTABISIIOT COO0N pPacTpoBOE HM300pakeHHE, MOJYyYEHHOE B
MPOEKIUU Tormorpadguueckod KapThl U ¢ TpeOyeMoW TOUYHOCTHIO B ITUIAHE U TIO
BBICOTE, C HAHECEHHOM Ha HETO KaJacTpoBOU MH(MOpMaIeH.

TexHoJIOTUU CO3/IaHMsl TIEPEUYUCIICHHBIX KaJaCTPOBBIX KapTorpauueckux
JIOKYMEHTOB TaKu€ >K€, KaKk W MpPH CO3JIaHUM AHAJIOTHYHBIX TOomHorpaduuecKkux
MatepuasioB. OCOOEHHOCTh COCTOMT B TOM, YTO Ha HHMX TOPHU30OHTAIM JIUOO HE
n300paxaroTcs, JM00 U300paKarOTCsl C MEHBIIIEH TOUHOCTHIO. B CBSI3U C ATUM MOXKHO
HE MPOBOAUTH CHEMKY pelibeda, a TOPU3OHTANIM MEPEHECTH C KapThl 00Jiee MEJIKOro
Macuraoa.

[lepromuyHOCTH OOHOBJICHHUSI KAPTOrpa)MuecKux JOKYMEHTOB 3aBUCUT OT
Ha3HAYEHUS ITUX JOKYMEHTOB U CTETIEHU UX CTapEeHUSI.

1. Ecnu wu3dMeHeHMsI KOHTYPOB KocHy.JHch 0ojiee 30% KOHTYypHOI
HATPY3KHU KaJaCTPOBOM KapThl (IJIaHA), TO €é CO31aK0T 3aHOBO.

2. Ecan sxe m3MeHeHHs1 KOHTYPOB He npeBblIaldT 30%, TO nmpou3BoOASAT
00HOBJIeHHE KAPTHI (MJIaHA).

TexHomornyeckue CXxeMbl OOHOBIIGHHS KaJacCTPOBBIX KapT (ITUIAHOB)
aHAJIOTUYHBI TIPUMEHSIEMBIM CXe€MaM MpU OOHOBJICHUM Tornorpaduyueckux kapt. Jis
ATOTO  MCHOJB3YIOT  MaTepualibl  KaKk  HOBOM  a’po-  WJIM  HA3eMHOM
ctepeodoToTonorpapuueckorl ChbEMKU, TaK W HA3EMHON T€0Je3MYECKON CHEMKH.
Ilepenecenne HOBOM CHUTyallud CO CHUMKOB Ha IUIaH BbIMOJHSIOT Ha L[DC.
KoopauHaTel OMOpPHBIX TOUEK MOTYT OBITh B3SThl U3 MaTE€pUATIOB MPEKHUX CHEMOK,
€ClIM DTH TOYKU HaJAEKHO OIO3HAIOTCI Ha CHUMKax HOBOM cbeéMKkU. Eciu Ha
KaJIaCTPOBOM KapTe HY>KHO OOHOBHUTH PeNIbe(hHYIO YaCTh, TO TOPU3OHTAIN MIEPEHOCST
Ha He€ ¢ OOHOBIEHHON TONOTrpadUIECKO KapThl.
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KOHTPOJIbHAA PABOTA

Mocne wu3y4yeHUs TeopeTUYECKOM YacTU MeToOAUYECKOro
nocobms Heob6xoAMMO BbINOMHUTL  YeTbipe  3aAaHus,
BXoAsiLMe B KOHTPONbLHYIO paboTy.

3AJJAHUE Ne 1
B pykonucHoM Bujie HEOOXOIUMO OTBETUTh HA CIAEAYIOIINE BOIPOCHI.
1. Yto Takoe 1udpoBas Moaeiab MecTHOCTH (1iudpoBast Kapra)?
2. Yto Takoe mpocTpaHCTBEHHbIE laHHble? [IpuBecTH mpumepsl.
3. Ins  yero mpeanazHayeHa 1udpoBas (pororpamMMeTrpuyeckas —cucTema?
[lepeuncnuTb OCHOBHBIE MPOIYKTHI (POTOTpaMMETPHUUECKON 0OPabOTKH.
[IponoBHBIN 1 TONIEPEYHBIN NaPAJUIAKCHI K KX CMBICIL.
[lepeuncnuth cucTeMbl KOOPAUHAT, IPUMEHSAEMBIE B (JOTOTpPAMMETPHH.
JlaTb onpeneneHne aieMeHTaM BHYTPEHHETO OPUEHTHPOBAHUS CHUMKA.
JlaTb onpeienieHne 2IeMeHTaM BHEITHETO OPUEHTUPOBAHUS CHUMKA.
Yka3arb UCTOYHHKU F€OMETPHUYECKHX MCKAKEHUU CKAaHMPOBAHHBIX aHAJIOTOBBIX
CHUMKOB.
9. Yto ompexnenseT TOYHOCTh M3MEPEHUS LU(POBBIX U300paKE€HUI U crOCOObI €&
YBEIUYCHHUS.
10. VYcnoBus nmostyuyeHus: cTepeonapsl.
11. Ha3Bath ciocoObl MOJy4YeHUS UCXOAHON HHDOpMaLUK O penbede.
12. Hazsatb criocoObl ipencraBnenus [IMP.
13. HazBatb cmocoOsl momydenuss [IMP npu o6pabGoTke crepeomap CHMMKOB Ha
[{DC.
14. Haznauenue ¢poToTpancHhopMUpOBaHUS] CHUMKOB.

o ~NOoOh

3ATAHUME Ne 2
PaccunTaTh TOYHOCTH ONpEAENICEHHUs] KOOPAUHAT U BBICOT TOYEK MECTHOCTH IO
cTepeornape CHUMKOB. XapaKTepUCTUKU (POTOKaMephl B34Th U3 TadJ1. 1.

Tabmura 1.
Pa3mep Poxycroe Pa3mep kanpa
paccrosiHue
Bapuant Hassauue [TUKCEIIS (boTOKaMEpHI Ix (Bmoss mosieTa) x
(hoTokaMepsI MaTpPHIIHI, " ’ ly (monepek nosnera)
MKM
MM | IMUKCETH MM | [MUKCEIIN
AHAJIOTOBELIE
0 RC-30 25 153 - 230 x 230 -
1 LMK 21 305 - 230 x 230 -
2 ADA-TD 200 21 200 - 180 x 180 -
uudposbie
3 UltraCam Xp 6 100 16667 67,9x103,9 | 11310x 17310
4 DIMAC Wide 6,8 80,5 11832 48,3 X 69,6 7100 x 10240
5 DIMAC Lite 6,8 56,6 8320 36,8 x 49,2 5412 x 7216
6 DMC 12 120 10000 92,2 x 165,9 7680 x 13824
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7 Hasselblad H4d 60 6 81,8 13633 40,2 x 53,7 6708 x 8956
8 Rollei 6 35 5760 24,5 x 32,6 4080 x 5440
9 Canon 5d Mark 11 6,2 50 8300 19,6 x 29,5 3168 x 4752

N3 Tabn. 2 B3ATh 3HA4YeHUsA BBICOTHI (HOTOrpaUPOBAHUA M MPOJOJIHHOTO
TIEPEKPBITHS.

Tabmuma 2.
Bapuant 0 1 2 3 4 5 6 7 8 9
BricoTa
dbotorpaduporanus,| 2500 | 2000 | 1500 | 1000 | 500 | 2000 | 1750 | 2250 | 1250 | 750
H, m
[IpononbHOE
NEPEKPBITHE, 60 65 70 75 80 60 65 70 75 80
p, %

JlanHbie 17151 pacd€ToB GOPMHUPYIOTCS U3 IBYX TaOJIHII;

a) u3 Tabyu. 1 BBIOMpAIOTCS JaHHbBIE, COOTBETCTBYIOIIME MOCHEAHENH Hudpe
mudpa cTyaeHTa,

0) u3 Tabi. 2 BEIOMpAIOTCS JaHHBIE, COOTBETCTBYIOIIUE MpeanociaeaHen nudpe
mudpa.

Hampumep, cryaent ¢ mudpom I1I'-157 G6epér:

- U3 Tabn. 1 JaHHBIE, COOTBETCTBYIOIINE BapUaHTY 7,

- U3 Ta0J. 2 JaHHBIE, COOTBETCTBYIOIINE BAPUAHTY O.

TouHOCT, W3MepeHUW KOOpJAWMHAT M TMapauIakCoB MPUHATH paBHOM 0,5
nMKcels, T.e My = My = My = Mg = m = 0,5 mukcend. B stom ciydae pasmep
MUKCeJIs, yKa3aHHbIA B Ta0d. 1, Hago ymMmHOX)uUTh Ha 0,5.

IMpumep BbIuMcIeHMIT s BapuanTa 7 (Tadu. 1) u Bapuanra 5 (tadu. 2).

Hcxoanbie naHHBIE:

- cTepeomapa CHUMKOB IojdydeHa IudpoBoil cpeaHedopmaTHON KaMepoun
Hasselblad H4d 60 ¢ pazmepom mukcesnss MaTpUIbl 6 MKM;

- hokycHoe paccrosiaue T = 81,8 MM mau 13633 nukcens;

- popmart kagpa 40,2x53,7 mm uau 6708xX8956 B mukcensx, COOTBETCTBEHHO;

- KOPOTKasi CTOpOHA KaJipa HamlpaBJieHa BJIOJIb MOJIETA;

- Ipo10IbHOE TiepekpriTHe P = 60%.

Pazmep nukcens Ha 3eMiie BIUUCIsAETCA 110 hopMyIie:

" H_ 2000
=¥ "13633 O™

ToyHOCTH OmpeneNeHus TIAHOBBIX U BBICOTHBIX KOOPAMHAT BBIYHMCIISICTCS IO
dbopmynam:
H H H
my, =—My, M, =—My, M, =—My,.
X f XY Y "Z7p P
basuc pororpadpuposanus B Maciirade cHuMka b rmonyunm mo gpopmyiie:

p=100=P  5=109=00 44 5 _16,08 mu
100 100

HNJIN B ITUKCEIIAX
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~ 100-60

b 6708 = 2683 nukcers.

PaccunTaem TOYHOCTH OIIPCACICHUA KOOPAUHAT TOUCK HA MCCTHOCTH My, My,
my.
H 2000
My =My =—My =———0,5=0,07 M,
f 13633

H 2000
mZ :—mp :—0,520,37 M.
b 2683
HOCKOHBKy B HMHCTPYKIHMH IIO (I)OTOFpaMMeTpI/ILIGCKI/IM pa60TaM IIPHUHATO
YKa3bIBaTh TOYHOCTD INNIAHOBBIX KOOPAHWHAT BJAOJIb paJnuyCa-BECKTOpa, pacCUUuTacM eé

o hopmyiie:
M&y =M% +m2,.
ITpru my =my myy :mX\/E.

Wmi myy =0,07+/2 =0,1 m.

BriBoOS.

TodHOCTH oOmpeneNIeHHs KOOPJAWHAT IO CTepeomapaMm s MPeaIoKEHHBIX
rapaMeTpOoB CIIEAYIOIIAs

- B uia"He Myy = 0,1 M;

- 110 BeIcOTE M>= 0,37 M.

3AZTAHHUE Ne 3.

C yderoM BBHIIOJHEHHOTO 3agaHus Ne 2 caenaTh BBIBOJ. MPUTOAHA JIK
doToKamMepa U mapameTpbl a’3pOoChEMKHU ISl co3naHus kKapTel Macmrtada 1:1000 c
ceueHreM penseda 1 m?

Ha ocHOBaHWMM BBIBOJIOB CJeNaTh PEKOMEHIALMK MO BBIOOPY (hOTOKamepsl
(J1r000¥M M3 MpeaJIoKEHHOTo cnucka B Tabiuue Ne 1) M onTUManbHBIX MapamMeTpoB
a’pocbEMkH. PekoMenau 060CHOBATh pacuéTaMu.

IIpumep pelieHust 3a1aHus.

B cootBercTBMM ¢ WHCTpyKHMed Mo ¢ororpaMMmerpuueckuMm padoram [3],
CpeIHHNE PACXOXKICHUsS Ha OTOPHBIX TOUKAaX MOCJE€ YpaBHUBAaHUS (POTOTPUAHTYIIALIUN
JOJKHBI YJTOBJIETBOPSTD CIEAYIOIINM TPEOOBAHUSM:

a) OCTaTOYHbIC CPEIHUE PACXOXKICHHS TIAHOBBIX KOOPAMHAT OMOPHBIX TOYEK
JOJKHBI OBITH HE Xyxe 0,2 MM, yMHOKEHHbIE HA 3HAMEHATe b MaciuTada KapTel My,
T.C. Myxy = 0,2 MK

0) OoCcTaTOYHBIE CpEHHE PACXOXKACHUS BBICOT HE JOJDKHBI mpesbimats 0,15,
YMHOKEHHBIC Ha BBICOTY ceueHus penbeda, T.e. Mz = 0,15N ..

Jlnst kaptel Maciitadba 1:1000 u ceuenunem penbeda Neeq = 1 M mosyyaem:

Myy = 0,2 M, = 0,2 x 1000 = 0,2 m,
mz = 0,15 h., =0,15x 1 =0,15 m.

[IpuBeneHHble pacuéThl MOKA3bIBAIOT, YTO TOYHOCTh B IIJIaHE BIIOJIHE

o0ecneunBaeTcs, MOCKOJIbKY pacyETHOE 3HAUYE€HUE 0XKHMJIaeMOM IUIAHOBOM TOYHOCTHU
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0,1 M, a BOT pacu€THasi TOYHOCTh ompenesieHus BeIcOT - 0,37 M, yTo 6osee uem B J1Ba
pa3a Hmwke tpedoBanuii B [3]: 0,15 m.

UYroObl yIOBICTBOPUTH TPEOOBAHUSAM TOYHOCTH IO BBICOTE HEOOXOIMMO
BBITIOJTHUTH a3POCHhEMKY, Hampumep, ¢ BeIcOThl 800 M. Torma pacdéTHas TOYHOCTH
OTIpe/IeNICHUS BBICOTHI OYET CIeayIomias:

my = ﬂmp =@0,5=0,15M.
2683

Jlpyrue crmocoObl MOBBIMICHUST TOYHOCTH OIPEAEICHUS BBICOTBI MOTYT OBITH
CBSI3aHBI C yBeIW4YeHHEM Oasuca (poTorpadupoBaHUsS WIM MOBBIIICHUEM TOYHOCTH
M3MEPCHUI KOOPIUHAT U TTapaJUIaKCOB.

BeiBOa:

[MpemnokeHHas B TaHHOM BapuaHTe chéMouHas kamepa (Hasselblad H4d) c
COOTBETCTBYIOMUMH TlapameTpamu adpocheéMku (H = 2000 m u p = 60%) mo3Bosser
o0ecrneunTh MIAHOBYIO TOYHOCTh MPU co3AaHuu KapThl MacimTadba 1:1000, a BoT ais
CO37aHMsl OpHWTHMHAJa penbeda ¢ cedeHHeM | M HEOOXOJUMO H3MEHHUTH BBICOTY
adPOCBHEMKH.

3AJJAHUE Ne 4

JIns 3aJaHHBIX MapaMeTpoB (OTOKaMephl M a’pochEMKU (3aganusi Ne 2)
BBIYUCIIUTH TPEEIbHYIO HOTPEIIHOCTh ONpeAeneHus: BBICOTHI ANype, 0 LIMP mpu
co3gaHuy (OTOIIAHOB M JaTh PEKOMEH/IAIMH 1O CIIOCO0Y M TOYHOCTH MOCTPOCHUS
LIMP.

IIpumep BbINOJTHEHUS 3aJaHHS.

@dopMyna BBIYHCICHUS] TPEACIbHON TOTPEIIHOCTH OINPEACIICHUS BBICOTHI
OepeTcst U3 MHCTPYKIIMH 110 BBIMOJHEHHIO (poTorpammeTpudeckux padot [3]:

Ahnpﬂl{ = O,3f MK
r
r7Ie paanyc pabouel IIomaan CHUMKa I onpenensercs mo ¢popmyie:
2 (1.)2 2 2
= (Ilj LY (ﬁj +(53—7j 335w,
2 2 2 2

Torma npu co3nanuu GoTOMIIaHa OTBEYAIONIETO TPEOOBAHUSAM TOYHOCTH KapThl
macmTabda 1:1000 nomyunm:

0,3x1000x81,8
Aaper = 33,5

=0,7m.

BriBoa

[TonyueHHbIil pe3yJabTaT O3HAYAET, YTO €CJIM Mepenaj BBICOT B Mpelenax
PabGoueli miomanyn JaHHOTO CHHMKA HE IIPEBBINIACT JBOWHOM BEIMYHHBI Ahnm,
2 x 0,7 = 1,4 m), To mudppoBoe ¢GoToTpaHCHOPMHUPOBAHUN CHUMKA MOMKHO
BBITIOJTHUTh HAa CPEIHIOI0 IIJIOCKOCTH (CPEAHIOI BBICOTY MECTHOCTHM B TMIpejaesiax
JJAHHOTO CHUMKA). B MpOTHBHOM cilydae cieayeT co37aBaTh MATPHUILy BBICOT C
TOYHOCTBIO ompeseneHust BhicoT He Oosbiine 0,7 M. Takas TOYHOCTH ompeaeneHus
BBICOT MOET OBbITh 0OecreueHa noctTpoeHruem ropusonraieit mo LIMP ¢ ceuenunem 2
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M, YTO COIJIACYCTCA C Tpe6OBaHI/IeM K ITOCTPOCHHUIO FOpHSOHT&J’ICﬁ C TOYHOCTBIO
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