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COBPEMEHHAA TEEOQOE3VA B 3IMNMOXY MOBAJTIN3ALINA

A.P. Karpik, D.V. Lisitsky
SSGA, Novosibirsk

MODERN GEODESY IN THE EPOCH OF GLOBALIZATION

Havano XXI| Beka 03HaMEHOBAJIOCH MEPEXOJOM YEJIOBEUECKOM IMBUIIM3AIMU HA
HOBBIW ATam pa3BUTUS — B MH(OPMALMOHHYIO 3TOXY. DTOT MEPEXOi O3HaYaeT, uTo
[VIaBHBIM, OIpPEAEISAIONIMM (PAKTOPOM pa3BUTHS OOIIECTBA B YaCTH SKOHOMHKHU U
COLIMaJIbHOU c(hephl CTAHOBUTCSI MH(OPMALIMOHHAS 1eSITEIbHOCTD.

WNHupopmanimoHHas 1eATeNbHOCTh 3aKI0UAETCsl B MOJIYYEHUH, IPE0Opa30BaHuU
Y UCHOJIb30BaHUM MH(POPMAIIMOHHBIX PECYPCOB BO BCEX cepax KU3HEAEATEIbHOCTH
4eJI0OBEKa, a CaMU HH(QOpPMAalMOHHBIE PECYPChl MPU3BAHBI OTPAXKaThb BCE ACIHEKTHI
XKW3HU oOmecTBa. B 3TomM MHOrooOpasuu wuHdopManuu U HUHPOPMAITMOHHBIX
IPOLIECCOB Ba)KHEMIIas poib IPUHA/JIEKNT NPOCTPAHCTBEHHO-
KOOPAUHHPOBAHHOI HHQOPMALMHU, OTOOpaKaIOIIEH OKpYXKAIOIUKA HAc MHUpP, U
MH(OPMAIIMOHHBIM TIpolleccaM MO €€ MOJYyYEHHUI0 M HCIOJIb30BaHUI0 MeTOdaMH
reofiesun, kKaprorpaguu, AMCTAHIHUOHHOTO 30HIMPOBAHUS U TeOMH(OPMATHKH.
Otor ONOK HMHPOPMALMOHHOW JAEATEIBHOCTU SIBIAETCA HEOTHEMIIEMOM YacCThIO
MPAKTHUYECKH BCEX BUJOB UEJIOBEUECKOW JEATENBHOCTH U, B MEPBYIO OYEpPEeb, BCEX
BUJIOB CTPOUTENIbCTBA (MPOMBITIIIIEHHOTO, IPa)IaHCKOTO, JOPO’KHOTO,
MEJIMOPATUBHOTO, HWHKEHEPHBIX KOMMYHHUKALUI, THAPOTEXHUYECKUX COOPYKEHMH,
TOHHEJIEH, MOCTOB W JIp.), TEPPUTOPHAIBHOTO YIpaBJieHUs, (PyHKIMOHUPOBAHUS
CUCTEM OOOpPOHBI, OXpPaHbl IPABONOPSAKA, KPUTHUYECKUX CUTyallui, TPaHCIOPTA,
IIOUCKA, Pa3BEAKU M JOOBIYM TOJIE3HBIX HMCKONAEMbIX, MOHTaXa M SKCIUTyaTalluu
MH)XEHEPHBIX COOPYXEHUM U TEXHOJIIOTMYECKOTO 000pyAOBaHuUs, 3€MJIEYCTPOICTBA U
KaJacTpa, BEJEHUS CEJIbCKOro, JIECHOIO M BOJHOTO XO3SIMCTBA U MHOTUX APYTHUX.
Hanpumep, ycrtaHosneHo, uro He MeHee /0% Bcex ymnpaBiIeHUECKHX pEIIECHUH,
NPUHUMAEMbIX OpraHaMHM BJIACTH W TEPPUTOPHANBHOTO YIpPABIEHUS, HOCAT
IPOCTPAHCTBEHHBI  XapaKTep U  OCHOBBIBAIOTCS Ha  MIPOCTPAHCTBEHHO-
KOOPJIMHUPOBAHHOM HH(OpMAIUH.

VYka3aHHbIl HMH()OPMALMOHHBIA KOMIUIEKC, KOTOpBIA B JajbHEHIIeM Oyaem
0003HauaTh 0OOOIIEHHBIM TEPMHHOM <«T€0/I€3UUYECKUI», XapaKTepUu3yeTcs: OOIUMU
OCOOCHHOCTSIMU TOJy4YeHHs, 00paOOTKM, HAKOIUICHHUS, Mepefadd, WHTEpIpeTaIi,
0oTOOpakeHUsI U MCIIOJIb30BAaHUS MPOCTPAHCTBEHHOIO HH(OPMALIMOHHOIO pecypca.
Hapsiny ¢ aTuM, KaXblil yka3aHHbINA BUJ MH()OPMALIMOHHOMN AESITEIbHOCTH 00JIajaeT
U crneun(UYeCKUMU XapaKTEepUCTUKaMU HA3HAY€HWs, BBIXOJHBIX pE3yJbTaToOB,
yCIIOBUI (PyHKIIMOHUPOBAHUS, XapaKTepa MPOU3BOJICTBEHHBIX IPOLIECCOB.



l'eoge3nss obecrieunBaeT CO3JaHME W BEIECHUE €IWHOW TEeppPUTOPHATBHOMN
KOOPAMHATHO-BPEMEHHON CHUCTEMbI, HPOHM3BOJCTBO HM3MEPEHHN TE€OMETPUYECKUX
apaMeTpOB TEONPOCTPAHCTBA U HAXOMAMIMXCS B HEM OOBEKTOB, pa3MeEIICHUE B
reONpPOCTPAHCTBE M MOHTaX IO KOOPAMHATaM HOBBIX OOBEKTOB CTPOMTEILCTBA U
TEXHOJIOTHUECKOTO 000pyI0BaHMs, OCYLIECTBICHIE HABUTAIIMU JIIO/IEH U TPaHCIIOpTa
0 TEPPUTOPUH, KOHTPOJIb TPOCTPAHCTBEHHOTO  COCTOSIHUS  HMHXEHEPHBIX
COOpPYXEHUU M APYIHMX OOBEKTOB B IMPOLECCE MX AKCIUTyaTallud W eIle LEeJbIH psij
pabot. ['eone3nueckue Mpouecchl OCYIIECTBISIOTCS HEMOCPEICTBEHHO HAa 00BEKTax
JCSTEIbHOCTH U CBSI3aHbI C HAXOXKICHHEM M TepEeMEIICHHEM HCIOJHHUTENeH Ha
TEPPUTOPUHU PACIONOKEHUSI O3TUX OOBEKTOB, T.. € TOJeBbIMH PadoTaMM.
PesynsratoMm reopezndeckux paboT SBISIETCS MPOCTPAHCTBEHHO-KOOPAMHUPOBAHHAS
uHbopManuss B BUAEC KOOpAMHAT TOYEK, COCTABUTEIbCKUX  OPUTHMHAJIOB
TonorpaUYecKux KapT U TJIAHOB TEPPUTOPUHU PA3HON TOYHOCTU M JETAIBHOCTH B
aHaJioroBoi u UQppoBoi Gpopme.

JIMcTAaHIIMOHHOE 30HANPOBaHUE 00CCIIEYNBAET MOIYUYEHUE MTPOCTPAHCTBEHHO-
KOOPAMHUPOBAHHOM HWH(poOpManud 00 OKpYyXalolleM Hac MPOCTPAHCTBE IIyTEM
JAUCTAaHIIMOHHOW CHEMKHU TEPPUTOPUH M HAXOMAAIIMXCS Ha HE OOBEKTOB ¢ HOCHTENeH
a’pPOKOCMHUYECKOTO 0a3upoBaHMs U MOCIEAYIOIed 00pabOTKU MOMTyYEHHBIX JaHHBIX.
BonpIMHCTBO MPOLIECCOB  IMCTAaHIIMOHHOTO 30HJUPOBAHUS OCYIIECTBISETCS B
KaMepaJIbHbIX YCJOBHMAX, Oasupyercs Ha KOOPAMHATHO-BPEMEHHOW cHCTEME,
CO3IaHHOM B TIPOIECCE TeOAE3UUYECKUX padoT, U Ha METOAAX KOMIIbIOTEPHOU
0o0paOOTKM  TPOCTPAHCTBEHHBIX  JIaHHBIX.  Pe3yapTatoM  JUCTaHIIMOHHOTO
30HAMPOBAHMS TaKXKe SIBISIETCS MPOCTPAHCTBEHHO-KOOPAMHUPOBAHHAST MH(POPMALIHS
B BHUJIE€ KOOPJUHAT TOUEK, COCTABUTEIbCKUX OPUTHHAJIOB KapT U IJIAHOB TEPPUTOPHUH
pa3HOI TOYHOCTH U AETATLHOCTH B aHAJIOTOBOM M LIM(PpOBOi hopme.

Kaprorpagusi  obGecrieunBaeT COCTaBI€HME U  CO3JaHHE  H3AATEIBCKUX
OPUI'MHAJIOB, THPAKUPOBAHME KapT, IUIAHOB, AamIACOB pPA3JIMYHOIO COJCPKaHMS,
HAa3HAYEeHUS TOYHOCTH, JETAJBHOCTH B aHAJIOrOBOM u  1mdpoBoil  Qopmax.
Kaprorpaduueckie mporecchl OCYIIECTBISIOTCS B KaMepaJbHbIX —YCJIOBHSIX
NPEUMYIIECTBEHHO  IMyTe€M  KOMITBIOTEpHOW  0OpabOTKM  MPOCTPaHCTBEHHO-
KOOPJMHUPOBAHHBIX JIAHHBIX, MOJIYYEHHBIX B TMPOIECCe TeoAe3MYecKux palor,
JAUCTAHIIMOHHOTO 30HAMPOBAHUS U IIU(DPOBAHUS KapT.

l'eonHopmaTuka — CpaBHHUTEIBHO HOBBIH KOMIIOHEHT TI'€0JE3UYECKOTO
KOMILJIEKCa — 00ecTIeurBaeT U3yuyeHUe, aHaIU3 U MOACITUPOBAHUE OKPYKAIOIIETO Hac
MUpa B TPOCTPAHCTBEHHOM acCIleKTe, OIEHKY €ro COCTOSHUS M JUHAMHKH,
MPOTHO3MPOBAHKUE PA3BUTHUSL CUTYAllUH, BRIPAOOTKY MPOCTPAHCTBEHHBIX PEIIEHUH Ha
OCHOBE  MepepadOTKH  MPOCTPAHCTBEHHO-KOOPAWHHUPOBAHHON  MH(pOpMAINH,
MOJTy4YEHHOM APyTUMU KOMITOHEHTAMH re0/1e3M4ECKOro KOMILJIEKCa.
['eonH(popMaImoHHbIe TPOLECCHI OCYIIECTBISIOTCS B KaMEPAJIbHBIX YCIOBUAX MyTEM
KOMIIBIOTEPHOH  00pabOTKM  MPOCTPAHCTBEHHO-KOOPIWHUPOBAHHBIX  JIaHHBIX.
Pesynbrarom reouHpopManoHHONH 00pabOTKM SIBIISIOTCS MOJENN T'e€ONpPOCTPAaHCTBA
pPa3NUYHOTO Ha3HA4YeHUS, IMPEIMETHOTO CONEp>KaHMs, TOYHOCTH U JETaJbHOCTH,
aHAJIUTUYECKUE XapaKTePUCTUKU TEONPOCTPAHCTBA, MPOCTPAHCTBEHHBIE DPELICHHUS
IUIs TUIAHUPOBAHUS U YIPABJICHUS TEPPUTOPUSAMHU U (QYHKIMOHUPYIOUIMMHM Ha HUX



00BbEKTaMH KU3ZHEACITEIbHOCTH YEJIOBEKa, a TaKXKe JJISl UCIIOb30BaHUS MPUPOIAHBIX
peCypcoB U 0OBEKTOB.

Kaxnaplii W3 KOMIIOHEHTOB TEOJE3MUYECKOr0 KOMIUIEKca OasupyeTcss Ha
COOTBETCTBYIOIICH HayKe WM HAYYHOW TUCIUIUIMHE U TPeOyeT COOTBETCTBYIOIIETO
Hay4dHOTO 0O0cHOBaHwms. [Ipu 3TOM MHDOPMaIMOHHAS OOITHOCTH, HHPOPMAIIMOHHBIC
CBSI3U U MH(POpPMAIIMOHHAS B3aUMO3aBUCUMOCTh TPEOYIOT 00BEIUHEHUS ITUX HAYK U
HAyYHBIX IUCHUIUIMH B OOIIMA TeMaTHYECKUH ONIOK — OJIOK Te0ole3MYecKhX HayK.
DTOT OJIOK JODKEH 00ECTeYUTh OCYIIECTBICHUE BAKHEUINEH CHCTEMOOOpPA3yroIIe
byHkuuu: co3gaHue W (QYHKIMOHUPOBAHUE €IWHOH [Jsi TePPUTOPHHU
NPOCTPAHCTBEHHO-KOOPAMHATHO! OCHOBBI 3JEKTPOHHOI0 TIeONPOCTPAHCTBA —
MHTETPUPOBAHHON HMH(DOPMALMOHHO-KOMMYHHUKAIIMOHHOW cpenbl, o0ecrneunBaromiei
BCE MOTPEOHOCTH TOCYIapCTBA B TeONPOCTpaHCTBeHHON MHpopMmarmu [1]. Pemenue
ATOM 3ajaun 00ECIEUUT COMPSDKEHUE DPA3IUYHBIX HMHGOPMAIIMOHHBIX PECYPCOB H
JCSATEIbHOCTH Ha WH(POPMAIIMOHHOM YPOBHE BCEX BHJIOB TEPPUTOPHAIHLHOTO
MOHHUTOPUWHTA, TJIAHUPOBAHUS W YNpaBiICHHsS. lakas TEHACHIUS TPOSBISETCS B
MOCIICIHAE TOABI B PA3UYHBIX CTpaHAX MHpA W 33Jaud WHTETPAIMH Pa3HBIX BUIOB
reOnpPOCTPAaHCTBEHHON HH(OPMAIIMHM PEATM3YIOTCS B TPOEKTaxX TUMa <«udpoBas
3eMJIsI», <QOIIEKTPOHHOE TOCYIapCTBO», «IU(MPOBO MHUP», «€IHHBIE HHPPACTPYKTYPHI
POCTPAHCTBEHHBIX JaHHBIX» U Apyrue. Eme B Oobleil cTeneHn rocyaapcTBeHHAs
BOXHOCTh 0OecrieueHns] NH(POPMAIIMOHHON COTITACOBAHHOCTH T€OTPOCTPAHCTBEHHBIX
pPECYypCcOB W HHTErpallid TeOAe3WYEeCKOro HMH(OPMALMOHHOTO  OOECTeYeHHs
00yCJIOBJIEHa TIEPEXOIOM UYeJIOBEUYECTBA K 3M0Xe MH(POpManMoHHOTO obmectsa. U B
MHPOBOM COOOIIECTBE PEIICHUIO0 3TOW 3aJauyM yaensercss ocoboe BHMMaHue. EcTb
HAIVISIIHBIN IpUMeEp pa3BUTHS MUPOBOW T€0JI€3UU MO/ PYKOBOJICTBOM U MPH yYaCTHH
MexnyHnaponHoit @enepauuu reofe3ucToB, Kortopas npusHaHa OOH Ha
MPaBUTEILCTBEHHOM yPOBHE.

B  Poccum  3HaumMOCTh  3a7aud  COIIACOBAHMST W WHTETPUPOBAHUS
reONpPOCTPAHCTBEHHBIX MH()OPMAIIMOHHBIX PECYpPCOB SIBISIETCS eIie Oosiee BaXKHOW B
CBSI3M C TPOMATHOCTBIO TEPPUTOPHH H JIEKIAPUPYEMBIM PYKOBOICTBOM CTPAHBI KYPCOM
Ha MOJIEPHU3AIMIO SKOHOMHUKH. OIHAKO OpraHW3aIlMOHHBIC PEIICHUs], CBSI3aHHBIC C
peopraHu3aiell OpraHoB roCyJIapCTBEHHOTO YIIPABJICHHS, BCTYAIOT B MPOTHBOPEUHE C
yKa3aHHOW TEHJCHIIMEH CO3MaHUs €IUHOr0 WH(GOPMAIMOHHOTO MPOCTPAHCTBA |
MH(POPMAIIMOHHOTO 001IIecTBa. B pe3ynbrare 3TUX pelieHuid poCCuiicKast TeoIe3us, Kak
OTIIeNIbHAs OTPaciib, MpeKpaTuia cymectBoBanue. Jmus Poccun, kotopast mpeTreHayeT Ha
ponb Benukoit nepxaBbl, 3TO HeOnaronpusiTHasi cutTyarus. HaOmromarorcs MONBITKU
pa3apoOHTh TEONEe3WI0 Ha OTACHbHBIE CQepbl e NPUMEHEHHS (CTPOUTEIHCTBO,
U3BICKaHUS, Te0JI0THs, reodpusnka u ap.). PerynmupoBanue reofe3ndecko 1esTeTbHOCTH
0 OTJENILHBIM OTPACIISIM PKOHOMUKHU OyzeT niepeaano coorserctytommmM CPO, a 310, B
CBOIO Ouepe/ib, MPUBEAET K Pa300LICHHOCTH €AMHCTBA TPEOOBAHUI COOTBETCTBYIOIIETO
reoJIe3MUECKOT0 00ecTieueHnss U HenmpodecCHOHANBHBIM pelieHusM. Kak crienctsue, B
TaKOM CHUTyaIlM OCYIIECTBICHUE TOCYIapCTBEHHBIX (DYHKIIMH T€0Je3MH — CO3JJaHNE U
BEJICHHE €IMHBIX T'€0/IE3NIECKUX U TOMOrpadMuecKuX OCHOB, PETYIMPOBAHNE HAYyIHO-
TEXHUYECKOTO YPOBHS TPOM3BOJCTBA, PEIIAMEHTUPOBAHUE €IUHBIX TEXHUYECKHUX
yCJIOBUI W TpeOOBaHUM, MOnAep)KaHNe eTUHON MHPPACTPYKTYPHI MPOCTPAHCTBEHHBIX
TAHHBIX U JApyTue — OyaeT ocnabeBaTh U MOXKET MPUBECTH K HEOOPATUMBIM IMTPOIECCAM.



Haszpena HE0OXOMMMOCTh B MHTETPALIMN YCHUIIHIA T€OIE3UIECKOTO COOOIIECTBA B TEIISIX
CO3/IaHMs HEKOM OOIIECTBEHHOM CTPYKTYpbl MO aHaJIOrMM ¢ MexXayHapoaHOH
Peneparyieil reoe3ucToB. ITO PEMICHUE NMPEA0CTABUT BOBMOKHOCTD JUIsSl BO3POXKICHUS
U DPa3BUTUA COBPEMEHHOW TIE€OJIE3UYECKOM IIKOJIBI B HMHTEpecax Poccuiickon
denepanum.
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N3yueHue BIUSHUS OMOI3HEBBIX SIBJICHUM, CEJIeH, TJaBUH U JepopMaliii 3eMHOM
KOpBI, Kak HanboJiee 00BEKTUBHOTO MOKa3aTes T€0IMHAMUYECKUX MIPOIIECCOB, B TOM
YUCJIE TPOLECCOB TNOATOTOBKH 3E€MJIIETPSICEHUM, SIBIACTCS BaXXHEUIIEH 3a1a4yeiu
COBPEMEHHOM reo/1e3un U re0hrU3uKH.

OnHoli M3 3amady CO3[aHUS TE€OJMHAMUYECKUX IIOJIMTOHOB IO H3YyYECHHUIO
nedopMaruii 3eMHOM KOPBI TOJ BIMSHUEM IPUPOIHBIX U TEXHOTCHHBIX SIBJICHUMU, B
TOM 4YHUCJI€ U HEOTEKTOHWYECKHUX IPUYUH SBISETCA oOecreueHue O0e30MacHOCTU
(GYHKIMOHUPOBAaHUSI HauOoOJiee OTBETCTBEHHBIX COOPYKEHUH HHOPACTPYKTYpHhI
COYMHCKOTO TOPHO-CIOPTUBHO-KIMMATHYECKOTO KypopTa Mo MporpaMMe MoJArOTOBKU
u ipoBenenus 3umuen Omumnuanasr 2014r.

CymiecTByeT MpOCTPAHCTBEHHAs] MPUYPOUYCHHOCTh KPUTHUYECKHUX AehOopMaIimii
WH)XEHEPHBIX COOPYXEHUW K 30HAM TEKTOHMYECKHX HApYILICHHM, pa3pbIBOB, 4YTO
MOKET OBITH OOYCIOBIIEHO MeEpepachperesieHneM HampsKeHHO-Ie(hOpMUPOBAHHOTO
COCTOSIHUSI OJIOKOB TOpPHBIX TIOpOA B Tiporecce cOpoca HampsDKEHUN TIpU
3eMJIETPSICEHUSIX. Bce 3TU mpuyMHBI aBapuil NPEICTaBISAIOTCS PEaJbHBIMHU, OJHAKO
JIOCTATOYHO PETYJISAPHBIA MOHUTOPHUHT Je(OPMAIIMOHHBIX MPOIECCOB JI0 CUX TOp HE
ocymiectBieH. CerogHs HE BbI3BIBAET COMHEHHUS, YTO 3HAUUTEIbHAs 4YacThb
KPUTUYHBIX JedopManvii COOpPYKEHHH pa3IMYHOIO Ha3HAYEHHUs, B TOM YHUCJIE
00BEKTOB TPAHCHOPTHBIX MarucTpajeil ImpsMO WM KOCBEHHO CBsi3aHa C BIMSHUEM
AKTUBHBIX pa3JIOMOB 3€MHOW Kophbl. [lomaBisromias 4acTb W3 HHUX MEPEKpHITA
0CaJI0YHOM TOJIIEH; UIMEHHO 3TO 0OCTOSATEIHCTBO 3aTPYAHSIET UX TPOTHO3UPOBAHKE C
MOMOIIBI0  TPAAMIIMOHHBIX  TeO(PU3NYECKNX  TEXHOJOTHH.  CEeMCMOpa3BelIKH,
rPaBUMETPHUH U T.].

Komrekc reodmsmuecknx MeTomoB (M TMpekIe BCEro ero OCHOBa —
ceiicMopasBeka) HECET OCHOBHYIO MH(OPMAIIMIO O TEOMETPHH M CBOMCTBAX CPEIbI
(ckopocCTH, TIOTHOCTH U T.J.). OJHAKO 3TH METOJBI Maj0 YTO MOTYT CKa3aTh O TOM,
YTO HAC MHTEPECYET MPEXKJIe BCEro — 0 COBpeMEHHOM (CerofHsIHeil, CHIOMUHYTHOM)
AKTUBHOCTH PAa3JiOMOB, O XapakTepe MHUKPO- M MAKpPOCMEIICHUH 110 HUM, O
BEPOSTHOCTH HAPYLICHUH CIUIOIIHOCTH BEPXHEH YaCTH TeOJOTMYECKOro paspesa, B
KOTOPOM pacrojiararoTcsi HHKEHEPHbIE 00BEKThI



W3BecTHbl (PakThl MOCTENEHHOTO HAKAIJIMBAHHUS OMACHBIX MJISI WHKEHEPHBIX
COOPYKCHUI TEKTOHMYECKUX HAINPSDKEHUM B 30HAX IPEBHUX Pa3IOMOB, pa3psKa
KOTOpBIX (HampuMep, B BUJAE KPHIINA) MPHBOIUT K CTOJb JKE HEKEIaTeIbHBIM
HOCJIEACTBUSIM, YTO U OAHOKPATHBIE CEICMUUECKHE COOBITHS.

['eonorust ycraHaBnuBaeT Haiauuue JedopManuii B 30HaX Pa3pbIBHBIX
HapylIeHUHd B Te4eHHE OOJIbLIOTO IMPOMEXYTKa BPEMEHH, HECONOCTaBHUMOIO CO
BpeMeHEM (YHKIIMOHUPOBaHUS TPyOONpPOBOJAOB M TPAHCHOPTHBIX COOPYKEHUH U
MO3TOMY HE MOXET OBITh CPEACTBOM OIEPATUBHOTO MPEACKA3aHUS BO3MOKHBIX
pa3pbIBHBIX JehopMaIiuii.

Pa3BuTre COBpEMEHHBIX CIIyTHUKOBBIX TEXHOJIOTM B HACTOAILLEE BpPEMS
MO3BOJISIET CO37aTh HEMPEPHIBHBIN T'e0e3MUYeCKUil MOHUTOPUHT Je()OpMalmOHHBIX
MPOLIECCOB € OOecreueHneM peructpanuu aedopmaiiii 3eMHONM KOpbI Ha YPOBHE
TOYHOCTH OT *(2+5) MM B 3aBUCHMOCTH OT PacCTOSHHS MEXIy ImyHKTamu. [ITpuuem
ATU U3MEPEHUsl OyAyT OCYIIECTBIATHCA Ha ydacTKax OOJIbLIONW MPOTSHKEHHOCTH U, B
Macitade OJM3KOM K peaibHOMY BpEMEHH, OyayT ONpeAeAThCs T€ yYaCTKH paiioHa,
B KOTOPBIX 3TU Ae(POopMauK TOCTUIIIN KPUTHUECKON BETNUHMHBI.

B nensx oTpabOTKM HOBBIX TEXHOJOTMM A M3y4eHMs AepOopMalMOHHBIX
IPOLECCOB U  BO3MOXKHOIO  MOJEIMPOBaHUS  J€(OPMALMOHHBIX IPOLIECCOB
HEOOXOAMMO CO3[aHME CHCTEMbI KOMILJIEKCHOTO TI€OAMHAMMYECKOTO MOHUTOPHHIA
pailoHa pa3MmemieHus HUHQPACTpyKTypbl  coopyxkeHuil COUYMHCKOrO  TOpHO-
KJIMMaTUYeCKOro KypopTa U 0cCOOeHHO HauOojiee OTBETCTBEHHBIX CIIOPTHUBHBIX
COOPY’KEHHMH U TPAHCIIOPTHBIX MAaruCTpajeu.

OcHoBaHUA Juisl pa3pabOTKU M peaju3alliid CHUCTEMbl T€0IUHAMHYECKOTO
MOHUTOPUHIA PETMOHA pa3BuTus I. Couu:

— OOecneueHne  0€30MACHOCTH  (PYHKIMOHUPOBAHUS  HHPPACTPYKTYpPHI
CIOPTUBHBIX, MHXXCHEPHBIX, TPAHCIIOPTHBIX U T.II. COOPYKEHUH TOPHO-CIOPTHUBHO-
KJIMMaTUYeCKOTO KOMIUIEKCAa U O€30MMaCHOCTH JKU3HEEATEIBHOCTH JIIOACH;

— PalioH OTHOCHTCS K CEHCMUYHBIM PETMOHAM, BO3MOXKHBI 3E€MIIETPACEHUS C
MarHutyaou 7,5.

— B peruone KaBkaza B Hacrosiiee BpeMs BEIETCA TI€OAMHAMUYECKUAN
MOHUTOPHUHI, OJHAaKO pailoH pa3Butuss TI. Coud HE JOCTATOYHO OCHAIIECH
HEOOXOJMMBIMHU HJIEMEHTAMHU CHCTEMbI T€OJMHAMHYECKOTO MOHUTOPHHTA.

eau u 3apa4n

Paitlon mpoektrpyeMoro KoMIUIEKCHOTO COYHMHCKOTO T€OAMHAMHYECKOTO
MOJINTOHA UMEET OYEHb CIOKHYIO F€OTEKTOHUYECKYIO CTPYKTYpPY, XapaKTeprU3yeMyo
HECKOJIBKMMU T'€HEPAbHBIMU PA3JIOMaMH, a TAKKE T'YyCTOM CEThbIO PETMOHAIBHBIX U
JIOKaJIbHBIX PAa3JIOMOB, TOYHOE MECTOPACIOJIOKEHUE KOTOPBIX CIEAYET ONPEAEIUTD.

I'maBHOM 3amadeli ©TpU NOPOEKTUPOBAHWMM JAHHOIO IIOJINTOHA  SIBISETCS
OpraHu3alysi  HENpPepbIBHOTO  MOHUTOpPUHTA  Ne(OpPMaLMOHHBIX  MPOIECCOB,
MO3BOJISIIOIIMX OJHOBPEMEHHO OMNpeneNsITh JAeQopMaliMd B €IMHOH CHCTEME
KoOpAHHAT Ha BceM pernoHe Cesepo- 3amanHoro Kaskasa. Hecmotps Ha To, 4TO BCe
pailoHbl JAHHOTO PETMOHA B3aMMOCBSI3aHbI, HAHOOJbIIEE BIUSIHUE CIEAYET YNETUTh
palioHy pa3BHUTHS TOPHO-KIMMaTHdeckoro Kypopra r. Coun go 2014rona.



Ha sToM reoguHamMM4eckoM MOJMIOHE JOMOJHUTENbHO K myHkTam GPS u
HUBEJIMPHBIM  perepamM  HEoOXOJUMO  YCTAaHOBUTb U COOTBETCTBYIOIIYIO
reo(pU3HUECKyIO anmnaparypy.

Ha ocHoBe mnpenBaputenbHbIX (Ha CTaJWW 3CKU3HOW DPa3pabOTKW) Hay4dHO-
UCCJICJIOBATENIbCKUX W ONBITHO-KOHCTPYKTOPCKUX  pabOT O  HENpepbIBHOMY
Ae(hOpMAIIMOHHOMY  MOHUTOPHUHIY  TEPPUTOPUM  MPEAINOJIAraeTcsl  BBINOIHUTH
CJIEYIOIMHI cOCTaB paboT:

a) AHanu3 TeoNIOTO-Te0(PH3NUECKUX ApXUBHBIX M (DOHIOBBIX MAaTEPUATIOB C
LEbI0 OTPEACNICHUS] PAcHONIOKEHUsI Pa3phIBHBIX HapylIeHWH W BbIOOpa Hambosee
OIIaCHOTO B OTHOLICHUH BO3MOXKHBIX AehopMaIiil y4acTKOB.

0) BwissBneHHe oCHaONEHHBIX 30H 3€MHOH KOpPBl B Pa3lIOMHBIX 30HAX C
MOMOIIBIO KOMIUIEKCHBIX T€0()U3HMUECKIX UCCIIEOBAHU.

B) Coszmanne GPSIJIOHACC reome3nyeckoil ceTtd, C LEIbI0 MOHUTOPHUHTA
ne(OpMaIIMOHHBIX TPOLIECCOB.

r) 3akiajKa TPYHTOBBIX, CKAJIbHBIX W HACTEHHBIX PENEpOB I OPraHU3alUH
TPACC MOBTOPHBIX BBICOKOTOUYHBIX HUBEIUPOBOK Mexkay GPS/MTJTIOHACC - myHKTamu.

n) Paspaborka xomiuiekcHOH TexHojorun GPS —wu3mepeHnii ¥ MOBTOPHOTO
HUBEJIMPOBAHMUS.

e) PazpaboTka  TeleKOMMYHHKAlMii W OpraHM3aius  JUCIETYEPCKO-
aHAJIUTUYECKOTO LIEHTPA.

k) OOpaboTKa MOTyYEHHBIX KOMILIEKCHBIX HAOIMIONEHUA B PEKUME PEaTbHOTO
BpPEMEHH.

3) Co3nmaHue TUCTIETYEPCKON CITyKObI nedopMmalivii, UX aHAINU3 U PETUCTPAIHS,
OTIOBEIICHHE O KPUTUYECKUX YJaCTKaX TPACCHI.

u) llpoBeneHne peXUMHBIX reoGU3HYecKuX HaOmIOneHuid. Peructpamus u
oTpesieNieHHe MapaMeTpOB 3eMIIETPSICEHUI OCYHIECTBISIEMBIX CETHIO CEHCMHYECKUX
craniuii KaBkaszckoro pernosa.

B cocraB reonesnuecko-reopuanyeckoro KOMIIEKCa BXOIST:

1. Bsicokorounsiii komiuieke GPSITIOHACC wusmepenuii, 00ecreunBarOIIHii
HETPEPhIBHBI MOHUTOPUHT JIe(hOPMAIIMOHHBIX MPOIIECCOB HA YPOBHE TOUHOCTH * (2-
5) MM Ha paccTosHUAX 10 30 KM.

2. Kommuiekc moBTOPHBIX BHICOKOTOUHBIX HUBEIHPOBOK |-l kiaccos.

3. JlepopmalMOHHBII ~ MOHHUTOPUHT C  TOMOUIbIO  HAKIOHOMEPOB U
nedopmorpados.

4. I'paBUMETpUYECKHE UCCIEIOBAHMUS.

PazpaOatbiBaeMblii pabounii TPOEKT IOJKEH COAEpKaTh TaK JK€ OINHCaHUEe
reofie3nYeckoil M reo(u3NYecKoil ammaparypbl, TEXHOJIOTHUIO €€ YCTaHOBKH W
HoCenyomel JKCIUTyaTalluy, a TakkKe TEXHOJOTMI0O M CpPEeACTBAa TPaHCISAIHUU
MU3MEpPUTENbHON HHPOPMAIIUH B €AMHBIN JUCTIETYEPCKUI LIEHTD.

Ha nepBom osrame (B Teuenue 2009-2010 1) co3maHUs CHCTEMBI
re0IMHAMUYECKOTO MOHUTOpUHTA pariona pa3sutus. [. Coun (2006-2014r.) cenyet
BBITTOJIHUTH CICTYIONIUE BUJIBI PAOOT:




1) Paspabotars HHPPACTPYKTYpPYy T€OAMHAMUYECKOTO MOJIUTOHA — OTIPE/ICTICHNE
MecTtononoxeHus: GPS nmyHKTOB, penepHbIX MyHKTOB, T€O(pH3NUECKON ammaparypsl
Ha OCHOBaHUM aHaJM3a CeHCMUYECKO HHPOPMALIUY.

2) VYcraHOBKa ammaparypbl W OpraHM3alldl aBTOMATH3MPOBAHHOW Tepenadyu
MU3MEPUTENbHON HHPOPMALIUH 110 KaHaJIaM TEJIEKOMMYHHUKAIIMOHHOM CBS3H.

3) OOyctpoiicTBO  MmOCTOssHHO — jeicTByromux nynkroB  GPSITIOHACC
HaOMIOAEHWH W OpraHM3alus  aBTOMATH3MPOBAHHOW  CHUCTEMBI  Mepeaadyu
M3MEPHUTENbHBIX JaHHBIX B MacIiTade peasbHOTO0 BPEMEHU IO KaHajdaM CBS3U B
aHaTUTHYECKUi nucnerdyepckuid neHTp (8+12myHKTOB).

4) TIpoekTHpOBaHUE W 3aKJAJKa CHCTEMbl KOHTPOJBHBIX PENEPHBIX MYHKTOB
st perynsipabix GPSnHabmonenunit (80 myHKTOB) M TOBTOPHOTO HUBEIIMPOBAHHS.

5) JlocTtaBka M MOHTaX TEXHOJIOTHYECKOTO 00OPYIOBAHUSI.

6) BrI1OOp MecTa pactoNoKeHHs U CO3aHKE JUCTIETIEPCKOTO MTyHKTA.

7) TlpoBenenue oOydeHHs 0OCITYKHBAIOIIETO MIEPCOHAIA.

8) Pa3zpaboTka MeETOIMKM W  TPOBEACHHE KOHTPOJBHBIX  WCIBITAHUM
ne(pOpMaIMOHHOTO Te0I€3NYECKOTO MOHUTOPHUHT .

[MpuHuun nocrpoenust 1eGopMauMOHHOT0 MOHUTOPHUHIA

Pa3BuTHEe  COBPEMEHHBIX  CIIyTHUKOBBIX  TEXHOJOTUHA  KOOPJUMHATHBIX
onpenencuuiit Ha ocHoBe GPSITIOHACC u3MepeH#mii KOpeHHBIM 00pa30M H3MEHSIOT
MPUHITUIT TIOCTPOEHUST TEONEe3WUYSCKUX CETeH Ha TEOAMHAMHYECKUX IOJIUTOHAX C
IIEJIBI0 U3ydeHUsI JedopManuii 36MHOU KOpPbl. DTU U3MEHEHHSI B OCHOBHOM CBOJISATCS
K CIIEAYIOMEMY:

— [Ilo pesynsraram wm3MepeHHWH Ha KaKIOM ITYHKTE C BBICOKOM TOYHOCTBIO
OMpENENSIIOTCS BCE€ TPU KOOPAMHATHI, T.€. MPOCTPAHCTBEHHOE IMOJIOKEHUE
reoIe3uYeCKOro MyHKTa,

— Bo3mokHa peanu3zanus  HENpPEpPBIBHBIX  HAOMIONEHUA U THepenaqyu
uHbOpMALlMM B €IWHBIM LEHTpP JaHHBIX B MaclTabe peaJbHOr0 BpPEMEHH
(MOHUTOPHHT), TEM CaMbIM OCYIISCTBISICTCS perucTpamus jAchopMari U
OTIEPAaTUBHBIN KOHTPOJIb X KPUTHIECKOU BEITUINHBI;

— AHamm3 pe3ynbTaroB HenpepbiBHBIX GPS m3Mepenuit (kak WHIWKATOPOB
TUHAMHKY ~ JeopMariuii) sBISETCS OCHOBOW JUIA  pEIVIAMCHTAIIMH  YaCTOTHI
(mukMyHOCTH) Oosiee MOAPOOHBIX Je(OPMALMOHHBIX H3MEPEHUH IMOBTOPHBIMHU
BbICOKOTOUHBIMU HuBeMpoBKaMu uin GPSITIOHACC usmepeHHsIMH.

— Broicokas creneHb  CcBOOOABI  BBIOOpPA  MECTOMOJOXKEHHUS  IMyHKTa
(BO3MOXKHOCTh PACIOJIOKEHHSI HEMOCPEACTBEHHO B OCJIA0JCHHBIX 30HAX MO JIMHUHU
pas3jioMa M B TO JK€ BPEM JIETKO JIOCTYITHOTO);

— BO03MOXXHOCTh BBICOKOTOYHOTO OIpPENETICHUS B3aMMHOTO TOJIOKEHUS TOYEK
(U3UYECKON TIOBEPXHOCTH 3€MJIH, YIOAJICHHBIX JPYr OT JApyra Ha 3HAYUTEILHBIC
PACCTOSIHHUS.

Takum o6pa3zom, Mo pesyabrataM HemnpepblBHBIX GPS reonesndeckux
U3MEpPEHUN OMNpPEACIIAIOTCS KOJIMUYECTBEHHBIE XapaKTEPUCTUKH JedopMalinii 3eMHOM
KOpBI B MecTax HauboJiee aKTUBHBIX Pa3ioMOB (OCIIA0JCHHBIX 30H); MO pe3ybTaraM
GPS  #3mepenwmii, kak  Jae@OpMallMOHHBIX  HMHAUKATOPOB,  OMNpEAEIseTCs



HEOOXOJMMOCTh, ~ TOYHOCTh W  IUKIMYHOCTH  TOBTOPHBIX  HHUBEJIHPOBOK,
yCTaHABIMBAETCSA CHEeluaibHas reodusmyeckas amnmaparypa: naepopmorpadsl,
HAKJIOMETPHI U JIp.

B pesynbrare Oynmer co3laHa MNPaKTUYECKHM aBTOMATU3MpPOBAaHHAsA CHCTEMa
reoIMHAaMUYEeCKOT0 MOHUTOPUHIA J1e(OpMAIMOHHBIX MpOIEcca, B TOM YHCIIE U U
perucTpanus BeJnuuH Aedopmainii B MaciiTade peajibHOro BpEMEHHU.

OTH HOBBIE BO3MOXXHOCTH COBPEMEHHBIX CIYTHHUKOBBIX T'€0AE3MYECKUX
TEXHOJIOTMHA TMpU U3ydyeHUU JAedopMaivii 3eMHOM KOpbI, [JAI0T CIEAYIOIHe
OpEeUMYIIECTBA IO CPaBHEHUIO C TPAJAULMUOHHBIMA METOJAaMH TeOJe3UH Ha
reoIMHaMUYEeCKUX TOJINTOHAX.

IKOHOMUYECKAA IPPEKTUBHOCTD

[Ipy WCHONB30BAHUM CIYTHUKOBBIX TEXHOJOTMM B 30HE PACIOJIOKEHUS
AKTUBHBIX TEKTOHWYECKUX pa3oMOoB OyayT HabOmomatbess 8+12 myHKTOB
GPSIJIOHACC w3MmepeHuii €O  CHeUUaIbHOW  KOHCTPYKIMEH  LIEHTPOB,
o0ecreynBarouX NPUHYIUTEILHOE [IEHTPUPOBAHUE CIYTHUKOBBIX aHTeHH. OO1iee
KOJINYECTBO PEIMEpPHBIX MYHKTOB g paiioHa paszputus I. Couum go 2014 Gyner
cocTtaBiaTh nopsaka 80.

OcHoBHBIE 3aTpaThl OyayT CBfi3aHbl C HAYaJIbHBIM 3TAallOM  CO3JIaHUS
HEMPEPHIBHOIO MOHUTOpUHTa mnpu GOpPMUPOBAHUU OO01IeH HHQPACTPYKTYpHI
MOJIMTOHA: 3aKylKa 00OpYIOBaHHWsA, 3aKJaJKa CHElUAJIbHBIX IIEHTPOB, IMPOKIIAJIKA
TEJICKOMMYHUKALIUK, CO3JaHHe [EHTPATbHOTO AHMCIETYEPCKO- aHAIUTUYECKOTO
LEHTPA U T.I. KallUTalbHbIE pabOThI U T.II. OyzeT coctaBnsaTh 120+150mmH. pyoreil.

B nanpHelimeM CTOMMOCTh TEKYIIMX TIEOJE3MUYECKUX U T€OAMHAMHYECKUX
pabot OyneTr cocTaBiiATh 6-8 MMWILTHOHOB pyOneit B rox, U 3 MiH. py0. B roj Ha
COJIEpKaHUE TUCTIETYEPCKOM CITyKObI M aHAJTUTHYECKOTO LIEHTpa Ae(pOopMaIlnOHHOTO
MOHHUTOPHUHTA.

Tem cambiM OygeT OCYIIECTBICHA peanu3alus JIOCTaBKM HHPOpMAlUU B
pealbHOM MaciTabe BpeMeHHU B €IMHBIN LIEHTp 00paboTKM JaHHBIX uepe3 Internet.

[Ipy TpagUIIMOHHBIX METOJAX TE€OAE3UYECKUX HM3MEPEHUM Ha KaXIAOM U3
NoJOOHBIX F€OJMHAMUYECKUX MOJUTOHOB Pockaprorpaduu pazsuBanachk cetb u3z 20-
30 NyHKTOB TPHUAHTYJSALMH, PACIOIOKEHHBIX, KaK MPAaBWIIO, HA BEpIIMHAX TOp WIH
IPYTHX TPYIHOAOCTYMHBIX MeECTax. OTHU YCJIOBHUS PACHOJOXKEHUS ITyHKTOB
IPUBOJUIM K OOJBIINM CIOKHOCTSIM OPTaHU3alMOHHOTO XapaKkTepa U 3HaYUTEIbHbIM
HSKOHOMHUYECKHM 3aTpataM. OIHOBPEMEHHO Pa3BUBAJIACh CETh HUBEIUPHBIX IMMyHKTOB,
KaK MpPaBUJIO BIOJb JOPOT WM MO JOJMHAM PeK. DTO MPHUBOAMIO K TOMY, YTO CEThb
TPUAHTYJISIIUM U HUBEJIHPHAs CETh Pa3BUBAINCH HE3aBUCHUMO JAPYr OT JApYyra, 4To
3aTpyaHseT nmociueayomui anamu3 aedopmainuii. CTOMMOCTh TOJIBKO OIHOTO IIHKIIA
M3MEpEHHH ¢ mocneayomneil 00paboTKoN Ha TAKOM MOJIMTOHE COCTABISET MOopsiaAKa 25
MuwumoHoB  pyoneii.  CootrBerctBeHHO, ansi 80 nmyHkToB  COYMHCKOTO
reoIMHaMUYEeCKOTO MOJIUTOHA 3aTpaThl HA OJIUH LMK U3MEPEHUN COCTaBUII ObI OKOJIO
75 muiH. pyOsnei. Manmo Toro, B 3ToM ciydae aedopmainuud OyayT OINpeaeisThCs
TOJIKO Ha JIOKAJIbHBIX y4acTKaxX 3THUX IMOJUTOHOB, a MAKCUMaJbHbIE 1eQOopMalluu U B
TOM YHUCJIE 3eMJIETPSICEHNSI, MOTYT ObITh Ha APYTUX y4acTKaX 3TOrO PErHOHa.



Texnonornyeckas 3p(peKTUBHOCTH

[Tpu wHCHONB30BaHMU KIACCHYECKON (TPaJMIIMOHHON) CXEeMbl OpraHU3aliH
reoIMHaMUYEeCKUX padoT OpraHu3alus MOBTOPHBIX U3MEPEHUHN Ha KaXJIO0M MOJIUTOHE
BO3MOXKHA Ha MHTepBaJie B JiyuiieM ciaydyae B 1+5 net. Tem Gonee, yTo opraHuzanus
OJTHOBPEMEHHBIX H3MEPEHMI MO BCEM MyHKTaM [OJMIOHA TPAKTUYECKU HE
BO3MOkHA. [109TOMY, BEpOSITHOCTD YIIOBUTh MOMEHT aKTUBU3AIMH Je(HOPMAILIMOHHBIX
IPOLIECCOB OYEHb Majia, a H3yYeHUEe *Ke TIpolecca MOATOTOBKM BO3MOXKHBIX
3eMJIETPSICEHUI MPAKTUUYECKU HE PEAIBHO.

[TocTpoeHne HENMPEPHIBHOIO MOHUTOPUHTA Ae(OPMAIMOHHBIX TMPOIECCOB,
OCHOBAaHHOTO HAa TPUMEHEHHH COBPEMEHHBIX CITyTHHUKOBBIX TEXHOJOTHH, BOBCE HE
O3HayaeT OTKa3 OT WCIOJIb30BaHUS YK€ HAKOIUIGHHOTO HH(GOPMAIIMOHHOTO
MOTEHIIMAJIa HA OCHOBE TPAJAUIMOHHBIX I€0/I€3UYECKUX MEeTol0B. Bce 3T naHHbIE
M3YYalOTCs M HCMOJB3YIOTCS MPU CO3/IaHUM HOBBIX T€0/I€3UYECKUX MOCTPOCHUM.
Mano TOro, mpu CO3JaHUM CHCTEMbl KOHTPOJBHBIX PEMEPHBIX TOYEK OyIyT
MaKCHMaJbHO HCIIOJIb30BaHbl  I'€OJIC3MYCCKUE TYHKThI  (IIaBHBIM  00pa3oM,
HUBEIIUPHBIC periepa) yke co3nanHble Pockaprorpadueit Ha tepputopun CeBepo —
3anannoro KaBkaza. MeTo MOBTOpPHOTO HUBEIUPOBAaHUS ObUT U OCTaeTcs Haubosee
TOYHBIM, a CJelOBaTeJIbHO Haumbojiee OOBEKTUBHBIM  METOJAOM  H3YYECHUS
BEPTUKAJIbHBIX JBWXXCHHUM 3€MHOM KOpbl. B 11aHax [gajmbHEWIIEro pa3BUTHUA
KOMIUIEKCHOrO0  COYMHCKOTO  I€OJUHAMHUYECKOT0  MOJIMIOHA  MPEeArnojaraercs
BBITIOJIHEHHE pa0OT MO MOBTOPHOMY HUBEIMPOBAHUIO TOJIBKO C TOW ITUKINYHOCTBIO H
Ha TEX JIOKAJIBHBIX Y4acTKax, TJe Mo JaHHbIM HempepbiBHOTO GPS mMonuTOpmHTa
OTMEYa0T Haubosee akKTUBHbIE 1e(hOopMalMOHHBIE TTPOIECCHI.

B nactosimee Bpemsi OofHOM M3 3a4a4 MO 0€30MacHOCTH (PYHKIIMOHUPOBAHUS
HHOPACTPYKTYPHI COOPYKEHUH TOPHO- KIMMaTH4eckoro kKypopra Codw SBISETCS
peructpanusi coOOCTBEHHO nedopmariuii U KOHTPOJIb WX JOMYCTUMBIX BEJIMYMH B
Macitabe peanbHOro BpeMeHHU. PaspyluTenbHble 3eMIIETPSCEHUs] MPOUCXOAST HE
TaK 4acTto, a COOCTBEHHO Mpoliecc aepopManuil 3eMHOM KOPbl — 3TO MOCTOSIHHBIN
HEMPEPBIBHBIN MPOIECC U UX BEJIMYUHBI B pailOoHaX TEKTOHUYECKHUX PA3JIOMOB MOTYT
BBIBECTU U3 CTPOSI CHOPTUBHBIE U IPYTUE COOPYNKEHUSI U TOMUMO 3€MIIETPSCEHHM .

[leHTpanbHBIM y3J0M BCEro Ipoliecca HENPEPHIBHOTO MOHUTOPHHIA OyIeT
SABIATBCSA ceThb u3 8+12 myHkroB moctosHHbIX GPSITIOHACC nabGmiomenuii 3a
nedopmalusiMu, pacloiOKEHHBIX, KaK MPaBUjio, B pailoHe HaCEIeHHBIX IMYHKTOB, Ha
KEIIE3HOMOPOXKHBIX CTAHIUAX, TMOPTAJIOB TOHHENEH, MOCTOB W T.aI. Ha »Tux
noctossHHO  neictByromux — myHktax ~ GPSIJTIOHACC  naGmiomenuit  Oymyt
YCTAHOBJICHBl ~ CITyTHUKOBBIC TMPUEMHHUKH JUISI  HETPEPHIBHOW  PETUCTpAIliu
MpaKTHUYECKH C JIOObIMH UWHTepBajiamMu. Jlanubie HaOmoneHuit B MaciuTade
peampHOTO BpeMEHHM OyAayT IMepemaBaThCsl B €AMHBIA JUCTIETYCPCKUI KOHTPOJIBHBIN
neHtp. B 3ToM 1eHTpe B aBTOMAaTU3MPOBAHHOM  pEKHUME Ha  OCHOBE
CHEIUAIM3UPOBAHHOIO MPOrPAMMHOIO obOecrieueHus OyayT perucTpupoBaThCs
BEJIMYMHBI JeopManuii (M3MEHEHHUST KOOPAMHAT BO BPEMEHHU IO 4 COCTABISIONIMM
X,Y,Z u H®). OTu BenuuuHbI B BHIE HENPEPHIBHBIX rPaQHUKOB BO BPEMEHH OYIYT
ABIATHCS TEKYIIMMHU KOHTPOJBHBIM OTCUETHBIM MAaTEpHaOM JIUCIETYEPCKO-
aHaJIMTHYECKOro LeHTpa. Ha cnermanu3npoBaHHOM caiiTe eHTpa OyayT MoMenaTbCs
camu pesyiasratel GPSITIOHACC wu3MepeHHii Ha IOCTOSHHO JCHCTBYIOIIMX



MYHKTaX. OJTO TO3BOJIMT B PEXKHME MOCTOOPAOOTKH BBIMOJHHUTH BBICOKOTOYHEIE
OTpeneNieHUs] KOOpAMHAT [UIs 33434  KajgacTpa, TeoJe3MYecKoro oOecIedeHus
CTPOUTENILCTBA, TONOCHEMOK U T.II. MHOTUMHU OPTaHU3AIHSIMH.

@aiinel ¢ m3mepenusimu Ha GPS- myHkTax mepemaroTcsi ¢ KOMIBIOTEPOB Ha
[ICHTPaIbHBIA CEpBEp, YCTAHOBJICHHBIM B TUCIETYEPCKOM IIEHTPE IO 3alpocam,
TeHEPUPYEMBIM €XKECYTOYHO B aBTOMAaTHYECKOM peknMe. Ha nieHTpansHOM cepBepe
OCYIIECTBIISIETCS (QUIBTpAIHsl U TIEPBUYHAS apXHWBAIMs JAaHHBIX, MOCTYHAIOIINX CO
CTaHIIMH, a 3aTeM MpeBapUTellbHAs 00padOTKa C TIOMOIIBIO CHEIHATN3UPOBAHHOTO
nporpammuoro ooecrieueHust (GAMIT/GLOBK) maccrBa JaHHBIX 110 BCEMY PETHOHY
Counnckoro I'eoqumaamuyeckoro nomurona (CIIIT).

KnroueBoit  axTop, Ompenensionuii  pe3ylbTaTUBHOCTh  pabOThl  BCel
MPOEKTUPYEMO CHCTEMBI TEOJMHAMUYCCKUX HCCIEIOBAHUN - 3TO CTaOMIBHOCTH
3aKpeIuIeHUs] HaOIONATeIbHBIX MYHKTOB OTHOCHUTENIBHO TIOACTHIIAIONINX CIIOCB
3€MHOM KOPBHI.

Crpykrypa ne¢opManlHOHHOTO MOHUTOPHHTA

CeTb OCTOSIHHO JEHCTBYIOLINX I'eopusnueckas anmaparypa.
nyakroB GPSI'JIOHACC [TyHKTBI HEMPEPHIBHOM perucTpanuu
HaOMIOCHUI nedopMaruit ¥ ceHCMUYIECKIX
JAHHBIX
A\ 4
CeTb KOHTPOJIBHBIX PETIEPHBIX JlucnieT4epCcKuil KOHTPOJIbHBII
Touek (2-4 uuKiia B roJ1 v 1o LEHTP

Mepe HEOOXOTUMOCTH)

A 4

AHQJIUTUYECKHUI TIEHTP
re0IMHAMHYECKUX

JanHble aHanu3a jaeopmanuii, BBINOJHAEMOIO B aHAJUTHUYECKOM ILEHTPE,
OyayT SBIATBCA KPUTEPUEM YCTAHOBKM 4YacTOThl IOBTOPHBIX M3MEPEHUN Ha
KOHTPOJBHBIX penepax, a B CilIy4yae HEOOXOAMMOCTM MpU  aKTUBU3ALUU
TEKTOHUYECKMX  IPOLECCOB  YCTAHOBKM  JONOJHUTENIBHBIX  IIyHKTOB  WJIHU
JOTIOJIHATENIBHBIX BUJIOB KOHTPOJIbHO-U3MEPUTEIBLHOM aIlllapaTyphl.

To4yHOCTH perucTpanuy MECTOIONOXKEHUS M €r0 H3MEHEHHS BO BPEMEHH
MOCTOSTHHO JICHCTBYIOUINX MTyHKTOB OYIET COCTABISATH EPBbIE€ MUJUIUMETPHI

My e ~+1-2 MM

OTu JaHHBIE U3MEPEHH OyIyT B aBTOMAaTU3HUPOBAHHOM PEKMME MepelaBaThCsl B
AHAJIMTUYECKUN TUCTIETYEPCKUI LIEHTP.

Cucrema NOCTOSHHO JEHCTBYIOIIMX ITYHKTOB KPOME OCHOBHOIO HAa3HAYEHHUS
MOXET OBITh MCHOJb30BAHA TAKXKE KaK OIOpHAas TIeoJle3MyecKas OCHOBa MJis



obecreueHust Tomorpado-reoae3ndecknx padoT, WHXEHEPHO-TEOE3NIECKUX padoT

IpH CTPOUTEIHCTBE U OSKCIUTyaTallil WH)XCHEPHBIX COOPY)KCHUH, IS pPEUICHHS
HABUTAIMOHHBIX 3a/1a4 Ha aBHA, XK/ M APYTUX TPAHCIOPTHBIX MaruCTPaISX.
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THE MODEL FOR THE REGION INNOVATION DEVELOPMENT

B ocHoBHBIX 3amauax Crpareruu COIUaIbHO-3KOHOMUYECKOTO Pa3BUTHS
HoBocubupckoii obnactu Ha nepuon ao 2025 roga o6o3HaueHa HEOOXOAMMOCTH
OpUJaHusT DKOHOMHMKE pPErdoHa HWHHOBAI[MOHHOTO  KadyecTBa  pa3BUTHA,
MHBECTUIIMOHHOM MPUBJIEKATEIBHOCTU U PUHAHCOBOM CaAMOJOCTAaTOYHOCTH.

HoBocubupckass o0nacte  sBIsieTCSl TEpBBIM  CcyObeKTOM  Poccuiickoit
®deneparuu, B kotopoM B 1995 rogy nmpuHSAT 3aKOH O HAyYHOM NEATEIBHOCTH M
HAyYHO-TEXHUYECKOW TOJMUTUKE. Takke Ha TEeppUTOPUU JACHCTBYET 3aKOH O
nonutuke HoBocnbupckoit ob6mactu B cpepe pa3BUTHS HHHOBAITMOHHON CHCTEMBI.

Hayuno-texHuueckuii, o00pa3oBaTenbHbII W  MHHOBALIMOHHBIA  KOMILJIEKC
HoBocubupckoii obnactu npeactarieH 46 BRICIIMMU YIeOHBIMU 3aBEICHUSIMU, B TOM
yucie 28 TOCynapCTBEHHBIMM By3aMH U (uinamamu, 9SS aKaJeMUYeCKUMHU
MHCTUTYTaMu POcCCHICKOM akaieMuu HaykK, POCCHIICKOM akaJIeMUH MEIULMHCKUX
HayK U PoccHiiCko akaJeMuu CEIbCKOXO3SIMCTBEHHBIX HAYK; HayKOrpaaoM KosbioBo
C TpaaooOpasyloluM npeanpusitueM - [oCynapCTBEHHBIM HAy4YHBIM IIEHTPOM
BUPYCOJIOTUH M OHOTexHOJIOTHH «BekTop», a Takxke Oojiee yeM 60 oTpacieBbIMH
HAyYHO-KUCCIEIOBATENbCKUMH, KOHCTPYKTOPCKO-TEXHOJOTUYECKUMU U MPOEKTHBIMU
uHcturytamu, oosee uem 100kpynabiMu 1 1700mansiMu peANpUSITUSIMHU.

NuHoBanmoHHass MHGpacTpykTypa oOJacTH BKJIIOYAET TPU HAYYHBIX TOPOJIKA,
TexHomapk  «HoBocuOMpCK»,  cO3MaBaeMblii  TEXHOMApK  HOBOCHOWPCKOTO
AKazieMropojika, ceTb MHHOBAallUOHHO-TEXHOJIOTMYECKUX LIEHTPOB, YaCTHBIX TEXHO-
MapKOBBIX CTPYKTYp, OW3HEC-MHKYOATOphI, IEHTPHI PA3BUTHUS WHHOBAITMOHHBIX
KOMIICTCHIINH, MOJOJIe)KHbIE TBOpUYeckue mactepckue, CHUOUPCKUNA WHCTUTYT
WHTEJUICKTYaIbHOW COOCTBEHHOCTH U MHOTHE JPYyTHE OpPTaHU3AIUH.

BonbmMHCTBO  HAYKOEMKHX  WHHOBAIMOHHBIX  NPEANPUITHH  00IaCTH
o0ObeIMHEHO B  accoluanuu, cpenu  Kotopelix — «CubAxanemlHHOBarms»,
«CubAxaneMCodpt», «Wudopmanuss u TexHogorun», <«CuUIOBas 3JICKTPOHHUKA
Cubupn», «Jlugep-pecypc», <«CuOUpCKas TPOMBINIICHHAS THAPABIMKA U
nHeBMaTuka» u Ap. OO0benuHeHus (GUPM HAYKOEMKOTro Ou3HEca COJIEMCTBYIOT
PCIICHUIO XapaKTEPHBIX «TEXHO-TAPKOBBIX» 3a/ad (KOHCAJITHHI, IMaTCHTOBAHUE,
TaMOXXCHHOE 0(OPMIICHHE U JIp.), aKTUBHO pabOTAIOT B COTPYIHUYECTBE C By3aMH,



aKaJeMUYECKUMU MHCTUTYTAMH, TPOMBIIUICHHBIMA NPEANPUATHSIMHI, OTPACIEBBIMU
HUUW, anvunuctpaumeit HoBocubupckoit o00sacTh W OpraHaMd MECTHOTO
caMmoynpasiieHus, penepasbHbIMU U PETUOHAIBHBIMUA UHCTUTYTaMH Pa3BUTHSL.

JIelCTBYET 1 pa3BUBAETCS PETMOHANIbHAS MHBECTULIMOHHASA CETh, OKAa3bIBAIOIIAS
(GUHAHCOBYI0O W OPraHU3AIMOHHYIO TMOAAECPKKY pPa3BUTHUIO HWHHOBAIMOHHOMU
nearenbHocTH: HoBocuOupckuit  oOmactHOM  GOHI MNONIEPKKUM HAYKH U
WHHOBAalMOHHOM  nesaTenbHOCTH, DOHA  pa3BUTHS  MalOoro H  CPEIHErO
npennpuHuMareabcTBa HoBocubupckoit obnactu, doHa comeiicTBUS pa3BUTHUIO
BEHUYPHBIX WMHBECTULMN B Majble MNPEANPUSITHS B HAyYHO-TEXHUUYECKOU cdepe
HoBocubupckoii o6mactu, ATéHTCTBO MHBECTUIIMOHHOTO pa3BuThs HoBocuOupckoit
oOnacTu, opranu3anuyd OaHKOBCKOTO CEKTOpa U JIp.

Cpeny OCHOBHBIX NPUOPUTETOB HHHOBALMOHHBIM COOOIIECTBOM BBIJACIACTCS
AasbHEeIas KOHCOMUIAIMS YCHIINI BCeX CyOBbEKTOB MHHOBAIMOHHOW JESITEIbHOCTH U
UX CHCTEMHOE B3aMMOJACHCTBHE Ha OCHOBE peali3alud HWHHOBALMOHHOMN
(TeXHOMapKOBO#1) UICOJIOTHH, CYyTh KOTOPOH OMPEICTIHM CIICAYIOIINM 00pa3oM.

WuHoBaimoHHas (TEXHOMAPKOBas) MICOJOTHS - CHUCTeMa NPEACTABICHUU O
pa3BUTUM U (YHKUMOHUPOBAHMM OOILECTBA, OMHUpAIOLIAsICi Ha I[EHHOCTHYIO
OPUEHTALUIO - CO3/IaHUE YIKOHOMHUKHU 3HAHUH, YTO MPEAIO0JIAraer:

— @opMupoBaHME HOBOI'O MBIIIJIECHHS, OPUEHTUPOBAHHOIO Ha CIIOCOOHOCTD
YEJI0BEKAa CO34aBaThb HOBBIE 3HAHWS W YIPABIATh MMH Ha OCHOBE HAy4HOIO U
TBOPUECKOI'O MOTEHLHMAa, MPECTHKHOCTU M LIEHHOCTH IIOJY4YEHHUS 3HAaHHUS Kak
TaKOBOIO;

— Pa3BuTrHe MHHOBAaLMOHHOHN KYJIBTYpbl HA OCHOBE HOBOI'O MBILJICHUS KaK
NpPOU3BOAUTENICH MHHOBAIUM, TaK U MOTpeOUTEIEeH MHHOBAIMOHHBIX MPOAYKTOB
U YCIIyT;

— Coznanue HOBOTO KaueCcTBa KU3HU, obecrieueHue pocTta
npuBiekarenbHocTn HoBocuOupckoit 0061acTH HE TONBKO JJIi MHBECTOPOB, HO,
IJaBHOE, M ISl €€ KUTelled U TeX, KTO FOTOB MpHeXaTh B 00JACTh HA MOCTOSIHHOE
MECTO KUTEJbCTBA.

EcrecTBeHHO, 53KOHOMMKA 3HAaHMM W BBICOKMX TEXHOJIOTHMM MpPU3BaHA
obecnieunTh (HOPMUPOBAHWE 3HAUYUTEIPHOW YacTH BaJOBOTO PETHOHAIBHOTO
NPOAYKTa B OTPACHSAX, HEMOCPEACTBEHHO MPOU3BOISIINX BBICOKOTEXHOJIOTUYHBIC
TOBapbl M WHTEJUIEKTyaJbHbIe yCayru. [Ipu 3TOM nuaepckue aMOUIIMU Ka)KJI0TO
CyObeKTa WHHOBAI[MOHHON JEATEILHOCTH M PErMOHOB B LEdoM (C yd4eToM HX
OCOOCHHOCTEH, IMOTEHIIMAla U KOHKYPEHTHBIX MPEHMYIIECTB) B KOOIEpaIlUU C
BEJIOMCTBaMU M (eAepalbHBIM IIEHTPOM IO3BOJISIOT, HAa HAll B3MVISAJA, JOCTUYD
MOJIOKUTEIBHOTO CHUHEpreTudeckoro 3¢@dexrta B KOPOTKHE CpOKU. A dakrop
BPEMEHU B MHHOBAIIMOHHOM c(epe ABmsieTcss OMHUM U3 onpenenstomux. [Ipu stom,
€CTeCTBEHHO, TpeOyeTcs KpomoTiauBas paboTa, B TOM YHCJI€ HAa OCHOBE
TEXHOIAPKOBOW HUJEOJIOTUHM TIO TMPEOAOJCHHIO Y JOCTATOYHO OOJBIION TPYMIIBI
CIIEUAJINCTOB M KOJUIEKTUBOB TCHXOJOTUYECKOTO OTCTaBaHUS OT IEPEIOBBIX
TeHAEHIINH, MO (POPMUPOBAHUIO CHUCTEMBI B3IVISA0B W JEUCTBUN, B TMEPBYIO
oduepeap Yy JHUAEPOB, NO3BOJSIOMHUX IMO-HOBOMY OLEHHUBATH CUTYAalHI0 B
KOMILJIEKCE, MPOTHO3UPOBATH €€ Pa3BUTHE U MPUHUMATH dP(HEKTUBHBIE PEIICHUS.



Cpenn mpoOJIEMHBIX BOTPOCOB PA3BUTHS WHHOBAIIMOHHOW JESTEIBHOCTH
MO>XHO OTMETUTH:

— HenocrarouHoe 4Mca0 KOHKYPEHTOCIOCOOHBIX pa3pabOTOK U TEXHOJIOTHMA
BBICOKOM CTENEHU TOTOBHOCTH ISl TpaHcdepa,

— VYpoBeHb pa3BUTHS S(QPEKTUBHBIX MEXaHU3MOB KOMMEpLHUAIU3ALUU U
TpaHcdepa HOBBIX TEXHOJIOTUH U pa3paboToK;

— HepgocrtarouHblii ypOBEHb pPa3BUTHS HWHHOBAUIMOHHOW, B TOM YHCIIE
¢buHaHCOBOM, UHDPPACTPYKTYpl B 4YacTU pa3HOOOpasuss U JOCTYIMHOCTHU
PEAOCTABISAEMbIX YCIYT, CTETIEHH OXBara CEPBUCOM CyOBbEKTOB WHHOBAIMOHHOMU
NESATENbHOCTH,

— HegocTtaTok kaapoB BBICOKOW KOMIETEHLHUH, OCOOEHHO TOI-MEHEIKEPOB,
npyu (opMHUpPOBAaHWM U pealu3alid TEXHOJOTHYECKUX KJIACTEPOB [JII HOBOU
SKOHOMHUKH, OCHOBAaHHOM HA 3HAHUSIX.

B menom TpeOyercss cHCTEMHOE MHOTOYPOBHEBOE B3aMMOJCHCTBHE CYOHEKTOB
WHHOBAITMOHHOM NeSATeTLHOCTH, obecmeunBaromiee s dhexTuBHOE
(YHKIIMOHUPOBAHUE TEXHOJIOTUYECKOro Kopujopa (MPOABMKCHHE WHHOBAIIMHM Ha
BCEX JTamax OT €€ CO3JaHMs JIO BBIXOJAa Ha PBIHOK) MPU COOTBETCTBYIOIIEM
HOPMAaTHBHO-TIPABOBOM obOecrieueHur. B 3Toii cBsi3M cienyer 0co60 OTMETUTh HOBBIN
OenepanbHpii 3akoH oT  02.08.2009 Ne217-®3 «0O BHECeHUHM W3MCHEHUH B
OTAENbHBIE 3aKOHOAATENbHBIE aKThl Poccuiickoit denepanuu mo Bopocam CO3TaHUS
OFOKETHBIMH HAyYHBIMH W 00pa30BaTEIbHBIMH YUPEXKICHUSIMHU XO3SIMCTBEHHBIX
o0mIecTB B LESIX IMPAKTUYECKOTo mNpuMeHeHHs (BHEApEHMs) pPe3yJbTaToB
UHTCIUICKTYaTbHOW  JICATCIILHOCTH», KOTOPBIA TPHBHEC B  WHHOBAIMOHHYIO
JCATCIIGHOCTh ~ NPUHIIUITHAIBHO  HOBBIE  BO3MOXHOCTH IO  ITOBBIIICHUIO
3pPEKTUBHOCTH MPAKTUICCKOTO TMPUMEHEHUS PEe3yJbTaTOB HMHTE/UICKTYyaJIbHOM
COOCTBEHHOCTH IIyTEM CO3JIaHUS XO3SIMCTBEHHBIX OOIIECTB OIOMKETHHIMU HAYYHBIMU
YAPESKICHUSAMHU U BBICHTUMH YICOHBIMH 3aBEICHUSMHU.

Cnenyer oTMeTHTH ClIa0yI0 3aMHTEPECOBAHHOCTH (B OCHOBHOM M3-32 HEJIOCTATKA
WHBECTUIIMOHHBIX CPEICTB) TPEANPHATHH B WHHOBAIUAX. B CcBolO ouepep,
IPOW3BOUTENN WHHOBAIMA HEAOCTATOYHO HCIONB3YIOT ayTCOPCHHI, COBPEMEHHBIC
MapKETHHTOBBIC, KOHCAJITUHTOBBIE M MHBIE TEXHOJIOTHH, 00SCIICUNBAIOIINE BHICOKYIO
TOTOBHOCTh MPOEKTA JUIsI MHBECTOPA U AJIs1 IPOM3BOJICTRA.

Cpeny MHOTMX aKTyaldbHBIX (HE TOJNBKO JUISi HAydyHOW M WHHOBAI[MOHHOMW
JCSITeIbHOCTH) HAMPABICHUH BBIACIMM pabOTy IO OTOOpY, TIOATOTOBKE WU
MEePENOArOTOBKE MOJIOJBIX JIFONEH  (CTapIICKIACCHUKH, CTYJACHTBI, aCIMPaHTHI,
NpEIoIaBaTe)Id, ydYeHbIe, WHHOBATOPHI, PA3HOTO YPOBHS  CIICI[UAJTIUCTHI),
MPOSBISAIONIUX JIUJEPCKUE CcrnocoOHOCTH. OHHM 0COOEHHO BOCTpPEeOOBaHBI B
pa3BUTUM  WHHOBAI[MOHHOW  aKTUBHOCTH, B  TMPOIECCE  TOBBIMICHHUS
BOCIIPUMMYHBOCTH OOIIECTBA K HWHTCIUICKTyaJIbHOMY TPYLY, a HPEINPUATHH W
oTpaclieil - K HHHOBAIUSAM, B Pa3BUTHHU YaCTHO-TOCYJaPCTBEHHOIO MMapTHEPCTRA,
MEXaHHU3MOB CTUMYJIHUPOBAaHHWS ¥  IOBBIIICHUS MOTHBAIMM  YYaCTHUKOB
paccMaTpuBaeMoii cepsl 1eITeIbHOCTH.

B xadecTBe MOJIOKUTENHHBIX MPUMEPOB MO (POPMUPOBAHUIO B PETHUOHE CPEJIbI,
COJIEUCTBYIOIICH Pa3BUTHUIO JIMICPCKUX CIIOCOOHOCTEMH, HA30BEM:



— Cucremy ¢GopMUpPOBaHUS TEXHOJOTHUYECKUX KJIACTEPOB U  KPYMHBIX
porpamw,

— Benymue ¢upmbl u oObeauHeHUs] PUPM HAYKOEMKOTO OM3HECa, BBIJEIISS
IeATeNbHOCTh acconuanuii «CubAxanemanOBarms» 1 «CubAxagemCodr»;

— Cucremy oTb0opa TUAECPOB CPEAr MIKOIHLHUKOB C TIOCIECAYIOMUM O00ydeHHUEM,
HanpuMmep B (PU3MKO-MaTeMaTHIEeCKON IKone mpu HoBocuOUpcKoM rocymapcTBEHHOM
YHUBEPCUTETE;

— PanHee BOBJCUEGHHE CTYACHTOB B HayyHyl0 H HWHHOBAIMOHHYIO
JeSATeNbHOCTh, B TOM YHCJIE C Yy4aCTHEM CO3/JaHHBIX B BEIYIIMX By3aX ILIEHTPOB
pPa3BUTHUS MHHOBAIIMOHHBIX KOMIIETEHIIUN U MOJIOJICI)KHBIX TBOPUECKHX MACTEPCKUX.

N xoHEYHO € HEnb3d HE OTMETUTh ONbIT [Ipe3suaeHTcKkorm nporpaMMel
MOATOTOBKM  YIPABIEHYECKUX  KAApOB,  BKJIOYAs  CHEUHAIM3ALUIO IO
WHHOBAallUOHHOMY  MEHEIKMEHTY. Accoluanus BbITYCKHUKOB  IPOrPaMMBbI
«JIMAEP-PECYPC» akTUBHO y4acTBYET B peaju3alMi TEXHOMAPKOBOW UIEOJIOTHH.
B wacTtHOCTH, BBITYCKHUKHA MPOTrpaMMbl M accoUHaluu (QUPM COACHCTBYIOT
pa3zpaboTuMKaM HOBBIX TEXHOJOIM B IMOBBIIIEHWH WHHOBAMOHHOW KYJIBTYPbI U
KOMIETEHLIMH, HanpuMmep, B cdepe MNpOeKT-MEHEKMEHTa, O00eCIeYrBaIoT
KBAJIM(PUIIMPOBAHHYIO MOJATOTOBKY U MPOABUKEHHE OM3HEC-TTPOEKTOB.

B a10M cBsi3u Bce Oonee akTyaabHOM CTaHOBHUTCS 3ajiada (hOpMHPOBAaHUSI HOBOM
CUCTEMBI OTHOILICHUH MEXIY o0Opa3oBaTeIbHBIMU YUPEKICHUAMU
npodeccuoHanbHOro  0oOpa3oBaHus W paboTojmareiasiMd,  OObEAMHEHUSIMHU
pabotonareneii. [loayunna nanpHeilliee pa3BUTUE UHTErPaLUsl 00pa30BaTENbHbIX U
HAyYHBIX YYPEXKICHUN, MPOU3BOACTBEHHBIX MNPEANPUSATHN B BUIE y4eOHO-HAy4dHO-
IIPOU3BOJICTBEHHBIX KOMIUIEKCOB, PECYPCHBIX LIEHTPOB MOATOTOBKH, NEPENOATOTOBKH
U TIOBBIIICHUS KBATU(UKAMK KagpoB ISl MPEANpUATHI pa3NUyHBIX OTpacien
MPOMBIIUIEHHOCTH. OJTO MO3BOJSET CUCTEMHO pellarh 3aJadyd MPEEMCTBEHHBIX
o0pa3oBaTeNbHBIX MPOrPaMM Pa3HOTO YPOBHS, YCHIIUTh CBA3b 00pa30BaHUs, HAYKH U
MPOMBIIIJIEHHOCTH, Ooyiee TOJHO U A(PPEKTUBHO HCHOIB30BATH HMMEIOIIHUECS
MaTepualbHO-TEXHUYECKYI0  0a3y, IEeHTPbl  KOJUIGKTMBHOTO  IOJb30BAaHMS,
[PETO/IaBaTENbCKUE KaIPbl, ((MHAHCOBBIE PECYPCHI.

Oco0y!o poJib 3€Ch UTPAIOT YHUBEPCUTETHI, KOTOPbIE HE TOJBKO OOECIIEUNBAOT
nepeqavyy 3HaHUI MeXIy MOKoJIeHUsIMH (0OyueHHe), HAaKOTUICHUE M XpaHeHUE 3HAHUH
(Hay4YHBIC IIKOJIBI, YHHMBEPCHTETCKHUEC OWMOIMOTEKH W W3IaTeIbCTBA), BBITOIHSIOT
UCCJIEIOBAHNs, HO M BOCIUTBHIBAIOT JIMYHOCTb. TEXHONAPKOBBIE CTPYKTYpBI, Kak
[apTHEPbl YHUBEPCHUTETOB, IIOMOTalOT BECTU PECYPCOEMKHE MEKOTPACIIEBbIC
UCCIIEIOBATENbCKUE, TEXHOJOTMYECKHME W  WHHOBAalMOHHBIE  MPOEKTHI, H,
€CTECTBEHHO, 3aHMHTEPECOBAHbI B MOUCKE W MOJATOTOBKE TAJAHTIMBBIX CTYACHTOB H
ACIHUPAHTOB.

B yueOHbIX miaHax Bcex ypoBHEH 00pa3oBaHUs 0O0y4ye€HHE MPOBOIUTCS IO
CUJIBHO pa300IIeHHBIM JUCIUIIJIMHAM, YTO 3aTPydHseT i OOydaroumuxcs
COCNMHECHUE 3HAHWM HAa MEXKIUCHUIUIMHAPHOM (HAAIUCIHMIUIMHAPHOM) YpPOBHE.
OcobeHHO  3TO  akTyaJbHO Uil  HAHOTEXHOJOTHH,  OHMOTEXHOJIOTHH,
BBIYMCIUTENbHBIX TEXHOJOMMH U Jp. DTO HAIpaBIEHUE TakKXe o0eclneunBaeT
(dbopmupoBaHue JUJEPCKUAX KOMAaHJI. Hab6ntonaercs HEJI0CTaTOK



BBICOKOKBATU (PUIIHPOBAHHBIX Me1aroroB o €CTECTBCHHO-HAYYHBIM
JUCIUIUIMHAM B IIKOJIAX, YTO 3aTPYAHSET KaueCTBEHHOE 00yUYEHHE BBIITYCKHUKOB
Ha 0oJiee BBICOKOW CTYyNEeHH B Mpo¢eCCUOHATbHOM HIKOJIE.

Crnenyer TakXe OTMETHTh, 4YTO B YUPEKICHHUSAX MNpodPecCHOHATIBLHOTO
obpazoBanusi 10 60% cTyneHTOB 00ydaeTcs Ha IUIATHOM OCHOBE, YTO, C OJIHOM
CTOPOHBI, MPHUBEIO K HApaIlMBaHUIO BBINYCKa JAUIJIOMHUPOBAHHBIX CIELHATIUCTOB
«PBIHOYHBIX» CIELUAIBbHOCTEH, C IPYTro - clIeNIaio AOCTYHHbIM 00pa3oBaHUe s
00€CIIEYeHHBIX CIIOCB HACEJCHUS BHE 3aBUCHUMOCTH OT WX IMOATOTOBICHHOCTH U
cnocobHocTedt. YactuyHo 53T0 O0O0yClaBIMBAaeT TMOSBICHHE JIBOMCTBEHHOTO
OTHOINICHUS K 3HAHUSAM Ha BCEX YPOBHSIX OOpa3oBaHUsS. NMPU BBHICOKOW IIEHHOCTHU
dbopmanbHO O00pPa30BaHHOCTH HHU30K TPECTHX 3HAHUS KaK TakoBOTO. B
pe3ynbTaTe HaOMIOJAeTCs BBICOKMUA CHPOC BBIMYCKHUKOB IITKOJ Ha BBICIIEE
oOpa3oBaHue, B OOJbLIEH CTENEHM TyMAaHUTAPHOTO M IKOHOMHUYECKOTO
HarnpaiieHusi. OTMedaeTcss U3MEHEHUE KPUTEPUEB JIMYHOCTHOIO MPOABUKECHHS B
MUpE 3HAaHUN Yy MOJIOZEKU: JO MEePECTPONKH Ha IEPBOM MECTE OTMEYaJu XOpollee
oOpa3oBaHue, TPUPOIHBIA YM, TpyHojoOue, ymopcTBO U HACTOMYMBOCTH. B
NEepEeXOAHbIN MEePHUOJI, K COXKAJIICHUIO: MOJE3HbIE CBSI3M HAa MEPBOM MECTE, Jajee -
oorarble pOAUTENIH, POJACTBEHHUKH-PYKOBOIAUTENHU, ylaya, YMEHUE PHUCKOBAaTh U
JUIIb Ha IIECTOM MecTe — xopouiee oOpa3oBanue. KoHeuHO, 3TO CO BpeMeHeM
U3MEHUTCS, HO OIATh >X€ (aKTop BpeMeHH TpeOyeT aKTHUBHBIX JelcTBUM. B
HoBocubupckoit 001acTé UMEETCA TMOJOXKHUTEIBHBIA OMBIT 1O paHHEMY W
TyOOKOMY BKIJIFOUEHUIO CTYJIEHTOB B TBOpUecKyto padory (B HI'Y mpu cuctemHoi
WHTETPAIIMU CHCTEMBI O0pa30BaHUS W HAYKHW HCCIEAOBATEIHLCKUE KOMIICTCHITUH
umeror 6onee 75% cTyaeHTOB, B Apyrux By3ax - B cpeaHeM 25%).K coxanenuro,
OTMEYAETCS COKpalleHWEe YCUJIWH, HaMpaBJIeHHbIX Ha ydeOy: IO OIleHKaM
CIIENATUCTOB, 4yTh Oosbie 20% o0ydaromuxcs BIPaKatOT TOTOBHOCTh UITH Ha
OTpaHUYEHHUS paJyd OBJAJICHUS 3HAHUSIMHU, HpU 3ToM okojo 60% crtyaeHToB
cobuparorcs padorars o npodeccun. Oxkono 30% cTyeHTOB OPUEHTUPOBAHO HaA
oOyueHue B acmupaHType, npu d3ToM Juimb y 25-30% acnupaHTOB 3amnura
nuccepranuii cBoeBpeMeHHa. CoxpaHeHHE HEBBICOKON MOTHUBAlMU K OOy4YEHHUIO B
actiupantype (HecMoTpss Ha moBbilicHue B PAH ypoBHs cpemHeill 3apaOOTHOM
IUIaThl) MPEUMYIIECTBEHHO CBS3aHO C HHM3KOW 3apIuiaToii B Havaye Kapbepsl,
HEJOCTATKOM 3HAHUM U ONBITA, OTCYTCTBUEM XKUJIbs, MEPCHEKTUBBI KaPbEPHOTO
poOCTa B KOPOTKUHU CPOK.

Baxxno, oTBewast 3a MpOM3BOACTBO M MeEpeaadyy 3HAHUN, OCO3HABATh IMOJIHYIO
MEpy CBOEW OTBETCTBEHHOCTH W MaKCHUMaJIbHO J()()EKTUBHO IEMOHCTPHUPOBATH
MIPUBJICKATEIbHOCTh MHTEIUICKTYTBHBIX Mpodeccuii, GOPMUPOBATH TIOTOKUTEITHHBIN
UMUK WHTEIUIEKTyaJIbHOTO TpPyZa, HOBOE MBINUICHHE, OPHEHTHPOBAHHOE Ha
CrIOCOOHOCTh 4YeJIOBEKAa CO37aBaTh HOBBIC 3HAHWS W YMPABIATH WUMU Ha OCHOBE
HAy4YHOTO ¥ TBOPYECKOIO TMOTEHILMANA, MPECTHKHOCTH M LIEHHOCTU MONyYEHHUs
3HaHUS KaK TaKOBOrO. AKTyalbHBbIM sIBIsSieTCS (OPMHpPOBAHHME U peaau3alus
MOJIHOIIEHHBIX 00pa30BaTeNIbHbIX IMPOTPAMM, PACCYUTAHHBIX HA MOCTIUIIIOMHOE
oOpa3zoBaHue, TpPU COOTBETCTBYIOIIEM KOHTPOJE€ HUX KauecTBa. OJTO TO3BOJIUT
OCYIIECTBUTH BHIOOP MHIMBHUIYaIbHOW 00pa30BaTEIBLHON TPACKTOPHUH JIJISl YEeJIOBEKa
B TeueHWe Bced >xu3HU. [lo maHHbIM DenepaibHOM CIYKObI TOCYIapCTBEHHOM



craructuku (2007roxm), 1015 SKOHOMHYECKH aKTHBHOTO HACEJICHHUs, YIaCTBYIOIIECTO B
HeIpepbpIBHOM 00pa3zoBanuu, B ABctpun - 83%, Jlannu - 80%, Gunnsaann — 77%,
I'epmannnm - 42%,Benmukoopurannu - 38%,Poccun - 22-25% .I1pu 3ToM B cTpaHax c
caMOM BBICOKOW AaKTHBHOCTBHIO POJb HUIPAlOT HE JKOHOMHUYECKHE (aKTOpHI, a
copmupoBanHas B 00IIeCTBE IIEHHOCTh - 0O0pa3oBaHHWE Kak IOJIy4YeHUE
KaueCTBEHHBIX 3HAHUU.
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OPUEHTHP HA BbICOKOE KAYECTBO ITPOU3BOJACTBA 1 CEPBHCA
OOPMUPOBAHUE NHHOBAIIMOHHOU KVYJIbTVYPbI

MOJEJIb PEFHOHAJ;U)HOI\/JI CUCTEMBI ITOAI'OTOBKH KAZIPOB I
NHHOBAILIMOHHOM 5KOHOMUKHN HOBOCHUBHMPCKOU OBJIACTHU

Ananu3 mnpoOieM TOKa3bIBaeT, UYTO HEOoOXoaWMa HOBas KOHLENIHUS B
dbopMupoBaHUM KaJIpOBOTO IMOTEHIMAa Il SKOHOMHUKHA 3HAHWI, HalleJICHHAs Ha
yAaydiieHrne o0pa3oBaTeIbHOW Cpenbl, MPUHIHMIHAILHOE IIOBBIICHHE KadecTBa
BCel cucTeMbl O0Opa3oBaHWs, JAlOMIel 4YEeIOBEKYy 0cCoOble JKU3HCHHBIC
MPEeUMYIIECTBa, pealn3yeMble Ha phIHKE Tpyma. Kpome Toro, ¢opmupoBanue
HOBOTO MBINIUICHUS B OONIECTBE, OPHEHTUPOBAHHOTO HAa MPECTHIKHOCTH
MOJTYUYCHUST PEaTbHBIX 3HAHWUM, a HE TOJNHKO (HOPMAIBHON «KOPOUKHU» TO3BOJISIET



pelarhb MHPOBO33PEHUYECKUE IPOOIEMBI B obmecTne, MOBBIIIAs
KOHKYPEHTOCIIOCOOHOCTh ~ peruoHa M cTpanbl. Jus  3toro  Tpedyercs
(dbopMUpoBaHUE U pellleHne HOBOTO MakeTa 3a7a4 Jiyisi cepbl 00pa3oBaHuUs.

Takum 00pa3zom, oOTMEUEHHBIE TPOOIEMbI U UMEIOIIMICS ONBIT aKTyaJIU3UPYIOT
HE TOJBKO AacleKThl MaTepUaJbHOTO M OPraHU3alMOHHOIO XapakTepa, HO U
pa3BUTHE JIMYHOCTH, OPHEHTAIIMI0 €€ Ha YCHeX U TOTOBHOCTb pagd HEro
npeojiosnieBaTh 0apbepbl U TpyaHocTU. ClenoBarelbHO, pedb UAET U O TOTOBHOCTH,
OTBETCTBEHHOCTH W JIMJEPCKUX aMOUWIUsAX. BcrmomMHuUM BbICKa3biBaHUE bekoHa:
«HoBoe He MoxeT ObITh 0€300MAHBIM, TaK KaK OHO YHHYTOXXAET CTapoe».
CnenoBarenbHO, pa3pabarbiBaTh, MPOU3BOAUTH W MPOJBHUraTh HOBOE YCIICIIHEE
OyeT TMYHOCTD C JIMACPCKUMU aMOULIUSIMH, CIOCOOHAsI PUCKOBATh, ObITH BIEPEIH.

Pa3BuTne MHCTUTYyTa JHAEPCTBA MPEAINOAraeT CyIIECTBOBAaHHE CHUCTEMbI HIIU
MEXaHU3MOB MHTETpalu, (POpMUPYIOIIUX TUIES Ty JTUIEPOB PA3INYHOrO MacuTadba u
pa3sHOOOpa3HbIX KaueCTB (JIMYHOCTH, HAY4YHBIC, SKCIICPTHBIC W TEIArOrHYeCKUe
IIKOJIBI, Tpymmbl, (GupMBI W T.J.), ¢ Oonee 3hOEKTUBHBIMU pe3ybTaTaMH
NEATEIbHOCTH, HAJUYMEM SICHOM MPOTrpaMMbl JCUCTBUM, OTBEUYAIOLICH WHTEpPECaM
Ipynmbl, W IenenojaraHus, Bojied kK mobene. 3a JuMaepoOM MPU3HAETCS MPaBO Ha
NpUHSATHE HaumOoJiee BaXKHBIX PEIICHUH C TOUKU 3pEHUS] MUHTEPECOB TPYIINBI, €€
OCHOBHBIX IIEHHOCTEH, YTO OYEHb BAXXHO B MHHOBAIMOHHOHN NEATENILHOCTH, KaK
HanboJjiee PUCKOBAaHHOW, MMEIOLIEH 3HAYMTENbHBIM TMEPUON HEOIPEACIIEHHOCTH
MEPCIIEKTUBBI COCTOSINIEH M3 HECKOJIBKUX JTaloOB ACSTENbHOCTH (Mesl, HaydHas
pa3paboTKa, WHHOBALIMOHHBIN MPOEKT, NHHOBALIMOHHBINA MPOAYKT, MOCIEHPOIAKHOE
COITPOBOYK/ICHUE).
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CETEBAS MHHOBAUHOHHAS HHOPACTPYKTYPA PETHOHA

TEXHOJNOTHYECKHE KJIACTEPH

L[eHTphI PASBUTHI MosojeKibie UenTpsi passutis
'I‘HOP‘%CCKHX 5 TBOPYECKHE HHHOBALHOHHBIX
CIOCODHOCTEH MACTEPCKHE KOMIETEHIHH
<IIKOJIA — BY3»
* TeXHONOTMYECKHE
b Bu3HeC-MHKY6ATOPbI Texnonapku
HA POMBITILICHHBIX |
HPEATIPHATHIX L

TEPPUTOPHUHU HHHOBAUMOHHOTO PA3BUTHA

MOJIEJIb PETMOHAJIBHOM HHHOBA%HOHHOﬁ NHOPACTPYKTYPEI
HOBOCHUBHUPCKOMU OBJIACTHU

I[JIH HHHOB&HHOHHOﬁ O9KOHOMHMKH, 3KOHOMHUKH 3HAHUM Ba)XHBIM TaKXe
ABIIACTCA JINACPCTBO B IMIPOU3BOACTBE U MPOABHKCHNNY MHHOBAIIMOHHOTO IMPOAYKTA,
JUACPCTBO B YIIPABJICHHWHU OTHMH IIPOLCCCaAMMU.



NHHOBAIlMOHHOMY  pPETHMOHY  HEOOXOAMMBI  BBICOKOMPO(ECcCHOHATbHbBIE
CHEIMAINCThI, TOTOBBIE B3ATh Ha c€0s OTBETCTBEHHOCThb 3a PEAM3ALMI0 MPOEKTA,
OpPUEHTUPOBAHHBIE HA PE3YJbTaT, COCOOHBIE UCIOIb30BATh HAKOIUIEHHbIE 3HAHUS U
OOHOBJIATh MX, CHCTEMHO MbICIUTh. Clienyer OTMETUTh, YTO CYLIECTBYIOT
OIPEJEIICHHBIEC TPYAHOCTH B IIOMCKE U MPUBJICYECHUHN TAKUX CIIELMAIUCTOB HE TOJIBKO
JUIi  WHHOBALIMOHHBIX (QUPM, HO M JUIsI HPOMBIIUIEHHBIX HPEIIpUSITHI,
rOCyJapCTBEHHBIX KOPIIOPALMIA U OPraHOB BJIACTH.

CrnenoBaTenbHO, OHA W3 BaXHEHIIMX 3a]a4 PErMOHA — HAJIAJUTHh CHCTEMY
dbopMUpOBaHUS KAAPOBOTO TMOTEHIMANa C 3aJaHHBIMH  KOMIIETEHIUSMU U
JUYHOCTHBIMM KaueCTBAMH, YTO OTPAXKEHO B MOJEIM PETMOHAIBHOM CHUCTEMBI
MOJITOTOBKH KaJpOB ISl HHHOBAIIMOHHOW 3KOHOMHUKHM HoBocuOupckoii odmactu (puc.
1).

B nacrosimee Bpemsi B HoBocuOupckoit obnactu pa3paboTaHbl U BHEAPSIOTCS
KOHLENIIMM MHHOBALMOHHOIO Pa3BUTUS M Pa3BUTHUS 00pa3oBaHus, 3(PpPEKTUBHOTO
MCII0JIb30BaHUs KaJpOBOIO MOTEHIMaNa. YUuThiBas (eaepaibHyt0 COCTABISIONIIYIO B
pa3sBUTUM CHUCTEMBI 00pa30BaHUs, HEOOXOOUMO YCWINTh PETHOHAIBHBIA YPOBEHb
yIpaBiieHUs cepoil 00pazoBaHus, A1l KOTOPOI'O OCHOBHBIMU 33/1a4aMU B PEATU3aLIU
KOHLICIILIMI CTAHOBATCA:

a. BHeapeHue HOBBIX (QOpM YIpaBlI€HUS W OPraHMU3ALMOHHBIX CTPYKTYPp:
HOBBIE MOJIENIM MH(PACTPYKTYpHOTO pa3BUTHUS IPOPECCHOHATIBHOTO 00pa30BaHus
u 00pa3oBaTelbHBIX YUYPEKICHHUM; pa3BUTHE HMHHOBALIMOHHON Cpeabl pEeruoHa,
MEXOTPACJIEBOTO 3KCIEPTHOTO COOOIIECTBA; ONTUMHU3ALNs CETH 00pa30BaTEIbHbIX
YUpPEKICHUN; COBEPILICHCTBOBAHUE MPAKTHUKU MapTHEPCTBA OOpa30BaTENbHBIX H
HAy4YHBIX YUpPEXKICHM, OU3Heca, OpraHOB rOCYAapCTBEHHOW BJIACTHU U MECTHOTO
CaMOYyNpaBJIEHMUs, B TOM YHCJIE€ HAa NPHUHLOMUIIAX YACTHO-TOCYAAPCTBEHHOIO
ITIAPTHEPCTBA; NOAAEPKKA NHTETPUPOBAHHBIX MTPOEKTOB, UCIOJIb30BAaHNE NMPHUHIUIIOB
IPOEKTHOIO  YIPaBJICHMs; CO3[JaHUE OTPAcCIEBBIX LIEHTPOB CEPTUPUKALINH,
aKKpeAuTaluU U T.JI.

2. ®dopMupoBaHME UJEOJIOTHYECKMX OCHOB pealn3alMu KOHLEMNIUU:
¢bopMUpOBaHME HOBOI'O MBIIUIEHWSI Ha OCHOBE pAa3BUTUsS HWHHOBAaLlMN B
COLMOKYJIBTYPDHOH cCpele W TMpaKTUKU BHEAPEHUS HOBBIXOOpPA30BaTEIbHBIX
TEXHOJIOTUH, OpPMEHTAlUM  HA  IIOJIy4YECHHUE KAaYECTBCHHBIX  3HAHUH,
WHHOBAalMOHHOWKYJIBTYPBI, IPUHIMIIOB MHTETPALMHA, B TOM YHCIEKIACTEPHOIO
IIOAXO0/1a; PA3BUTHE UHTEIUIEKTYAJIBHOTO MOTEHIIHANIA PETHOHA; COBEPIIEHCTBOBAHUE
CUCTEMbl CTUMYJIUPOBAHHS MOJIOACKH K HAy4yHOU, oOpa3oBaTrenbHONH U
WHHOBAallMOHHOW  JIESITENbHOCTH, (OPMUPOBAHUE TMOJOXKUTEIBHOTO HMMHUIXKA
MHTEJUJIEKTyallbHOTO Tpyaa, a HoBocuOUpckol 061acTh - KaK MHTEIUIEKTyalbHOU
ctonuisl Cubupu u ap.

3. CoBepIICHCTBOBAHHE METOAOJOTMYECKUX TOAXOJ0B B  peaju3aluu:
pa3BUTHE  MEXaHM3MOB  OOpaTHOM  CBsi3M  0O0pa3oBaHMs U OOILECTBA,
COBEpILIEHCTBOBAHUE CUCTEMbI OLIEHKM KayecTBa OOpa30BaHMsI, YKPEIJIECHHE OCHOB
IpaX/JaHCKOro O0IIecTBa M  COLMAJIbHOM AaKTUBHOCTH, CO3JaHME  YCJIOBHM
o0ecrieueHus] MPEEMCTBEHHOCTH 00pa30BaTeNbHBIX IPOrpaMM pa3HOIO YpPOBHS,
MEXIUCUUIUIMHAPHBIX W KOMIIETEHTHOCTHBIX IIOAXOJOB B OOYyYEHUH; CHUCTEMBI
MOHHUTOpPUHIA ¢ OOHOBJISIEMBIMU 0a3aMM JAHHBIX U NPOTHO3HBIMU METOAaMU OLIEHKU



uH(GOpPMAIIH; UCTIOIb30BAaHNE PEHTHHIOBBIX CHCTEM OLICHKH KauecTBa 00pa30BaHUs
U 00pa3oBaTeNbHBIX TEXHOJIOTUH, CO37aHHE KOMIUIEKCHONW OLIEHKH KadecTBa
BBIMYCKHUKA;  COJNEHCTBME B  CO3JaHUU  OTPACIEBBIX  MPOGECCHOHAIBHBIX
CTaH/JapTOB MOJATOTOBKH KaJpOB; UCIOIb30BAaHUE CETEBBIX TEXHOJIOTHH B pa3BUTHU
MHPPACTPYKTYPhI, JUCTAHIMOHHBIX (OPM B3aUMOJCHCTBUS M TEPPUTOPUATBHBIX
00pa30oBaTeibHBIX KOMILJIEKCOB, MAapKETHHIOBBIX IIOJIXOJOB, peKIaMHbIX U PR-
TEXHOJIOTUH; COBEPIICHCTBOBAHHE METOJOJOTHH HPOTHO3UPOBAHUS MOTPEOHOCTEH
pPBIHKA TpyJa MO YKPYIHEHHBIM MPO(eCcCHOHaTbHO-KBAIN(DUKAIMOHHBIM TPYyMIaM U
dbopmupoBaHus 6ananca TpyAOBbIX PECYPCOB U JP.

BaxkHpiM 1m1arom  peanuzalii  «T€XHOIMAPKOBON»  WACOJOTHU  SBISIETCS
WHHOBAIlMOHHAs ~ MH(PPACTPYKTypa,  coO3Jamomas  OJaronpusiTHbIE  YCIOBHS
dopmupoBaHusi  KagpoBoro moteHnuaina i HoBocuOupckoit — obmactu,
obOecrieynBaroiasi KOMaHJIHbIA TMOAXOA B peHIEHUM 3a1ad. B HacTosiiee Bpems
oco00e BHUMAaHHE CKOHIICHTPUPOBAHO Ha peaju3aliuu ceTeBoit moaenu (puc. 2),
KOTOpasi MO3BOJIUT 00ECHEUYNUTh HENPEPBHIBHYIO CUCTEMY IMOATOTOBKHU KaJIpOB s
WHHOBAI[MOHHOM OSKOHOMHUKH pETHOHA. OT IIKOJbl JO TEXHOIapka H
TEXHOJIOTUYECKUX IUIOMAJ0K Ha MOPEeAnpusTUsax. Bce CTpyKTypbl, BXOISIIUE B
pPEruoHaIbHYI0 MHHOBAIMOHHYIO MHQPACTPYKTYpy, HaleJeHbl Ha (opMUpOBaHHE
WHHOBAllMOHHBIX KOMIIETEHUHMI U JIMJAEPCKUX KAYECTB MPEICTABUTEIEH MEPETOBOM
MOJIOJIE’KH B CO3/IaHUU U MPOJBUNKEHUN WHHOBAIIUN.

HecoMHEHHO, Ba)XXHYIO0 POJib B BBISBICHUM W MOAJEPKKE JHAECPOB ChIIPAIU
KOHKYPCBI o0Opa3oBaTeIbHBIX YUPEKICHUI, AKTUBHO BHEIPSIONINX
MHHOBAI[MOHHBIE 00pa30BaTeIbHbIC IPOTPAMMEBI, B paMKaxX HAIIMOHAJIBHOTO MPOEKTa
«O0paszoBanue». Hampumep, B BBICIICH IIKOJIC YKPENWIH TO3UIUUA JIUJEPOB
nobenurenu KoHKypca — HoBocuOUMpCKHII TOCYyIapCTBEHHBIM YHUBEPCUTET H
HoBocubupckuii rocyqapcTBEHHBINM TEXHUUYECKUW yHUBEpPCUTET. Pa3pabarbiBas u
peanu3yss OporpaMmbl pa3BUTHS, OTU YHUBEPCUTETHl NOJYYUIIM BO3MOXKHOCTH
CO37aTh MAKCMMAJIbHO YCIICIIHbIE YCJOBHUS JJISI TEHEPAMM HOBBIX 3HAHUW M HUX
OCBOEHUS, (POPMUPOBaHMS WHHOBAIMOHHOW KYyJABTYphl B BY30BCKO#l cpenme. Kak
pesynbrar, Hanpumep, HI'Y 3aHumaer nauaupyroniue Mmo3uiuu. B peuTuHre QonHma
IToranuna B 2009 rony - 1l mecto cpenu By3oB CDO; 3 Mecto mo YUCIy
naypearoB npemuii ponma Copoca (6,5 Thic. CTYACHTOB); 7-€ MECTO - B PEHTHHIC
POCCHICKUX BY30B 10 HAyYHBIM JOCTHXEHUAM areHTcTBa Peiitop (2009ron) u T.1.

Jlunepom cpeau JHIEPOB  MOXKHO Ha3BaTh HoBOCHMOMpPCKHIT  XUMHKO-
TexXHoJorndeckuii komemk umenu [[.1. MenneneeBa - mooenuTensb IByX KOHKYPCOB
HAIMOHANBHOTO mpoekTa «OO0pa3oBaHUE», OMBIT KOTOPOTO HHTEPECEH MPExIe
BCEr0 OpPHEHTAIME Ha BHEAPEHHUE B YU€OHBIN MPOLecC MHHOBAMOHHBIX MPOTYKTOB
HOBOCHOMPCKUX MPOU3BOIUTENEH HOBBIX TEXHOJOTHH - ¢pupM «IKOHOBa», «MeTa»,
Nucturyra karanusza umenn 'K bopeckoBa CO PAH u MHcTtuTyTa XMMHM TBEPAOTO
tena u mexanoxumun CO PAH.

Crnenyet oTMeTuTh, yTo aaMuHUCTpars HoBocuOupckoi o0nactu peanusyer psij
COBMECTHBIX IIPOrpaMM M MPOEKTOB € ydacTHUKamMu lIpe3naeHTckoil mporpaMmsbl
MOJTOTOBKU YIPABICHYECKHUX KaJIPOB, JIUJEPCKUE aMOUIIMKN KOTOPBIX OPUEHTHUPOBAHBI
Ha HOBBIE YIPABJICHUECKUE 3HAHMS M MX peaju3alldio Il COOCTBEHHOW Kapbephl,



pa3BuTHs OM3HECa U MPOIBETaHUs pernoHa. Hampumep, cTaBuime TpaauluOHHBIMU
dbopyMbl HAEPOB, HA KOTOPHIX COOMPAIOTCS MPEACTABUTEIM MHOTUX PETMOHOB
CTpaHbl, 4YTOOBI OOCYIUTH BOIIPOCHI YCIEIIHOCTH Ou3Heca, ¢husocodun nmapTHEPCTBA
Ha 3apyOeKHBIX PhIHKAX, UHTETPAIIMN PECYPCOB.

N wnakoHen, ogHuM U3 OSPGEKTUBHBIX HHCTPYMEHTOB (POPMHUPOBAHUS
MHHOBAI[MOHHOW MJI€0JIOTUU, HOBOTO MBIIIJICHUS U MOBEJEHUS B MOJIOJEKHOU cpesie
MOXXHO TIpu3HaTh llepBeiii MexayHapoaHbIi MHHOBAIMOHHBIA (popym «HTEppa-
2009» cobpasmmii npeacrasuteneit 30 crpan, 60pernonoB Poccun 1 BKIIIOYUBIINIA B
cebs 6onee 100 mmomagok, B paboTe KOTOPHIX JOCTUTHYTHI BaKHEHIIWE IIeNd
dbopyma - dopmupoBanue nmumka HoBocubupckoi 061acT Kak MHHOBAIIMOHHOTO
neHntpa Bocroka ctpanbl, a HoBocuOupcka - Kak MHTEIIEKTYaaIbHON CTOTHIIBI.

JlJis y4acTHUKOB, 3KciepToB Gopyma u xuteneit ropoga 10-12centsabps 2009
rona HoBocubupck cran «reppuTopueil BOOXHOBEHUs». B TBopueckoil armocdepe
yAaJ10Ch MPOJEMOHCTPUPOBATh MOTEHIIMAT HAyYHO-00pa30BaTEILHOTO KOMILIEKCA U
UCTOpPUM ycIiexa HWHHOBAMOHHBIX (upMm HoBocubupckoid obnactu; oOCyauTh
aKTyaJdbHblE TEMbl CO3JaHUS W NPOJBUKEHUS TEXHOJOTMH M HMHHOBAIMOHHBIX
pa3paboToOK, MpoOJieMbl M TEPCHEKTUBBl MPHUBICUECHHUS MOJOJBIX YYEHBIX W
CHEUHUAINCTOB K AKTMBHOW HMHHOBAIMOHHON [E€ATEIbHOCTH; MNPOBECTU MacTep-
KJIACChl, TPEHUHTU, WIPBI; BBIABUTH MOOEAUTEIEH WHHOBAIIMOHHBIX MPOEKTOB,
OPOAYKTOB W HuJed U MHoroe japyroe. DopyM NOJIYy4YWJI BBICOKYIO OIEHKY
YY4aCTHHKOB.

© M.U. Ananuu, 2010
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OT NrECAE3NN ANnA 3KOHOMWNKW K TEOOE3NN OJTA
NHOPOPMALIMOHHOIO OBLLECTBA

B noknane paccmarpuBaercs ypOBEHb NPHUMEHEHUS I'€OAE€3UH B 3KOHOMHKE U
oOmiecTBe, OOCTUTHYThIM K Havamy XX| Beka, HOBble (YyHKIUH, MHCCHUS U
HAmNpaBlICHUS]  Pa3BUTUS  TEOAE3UM B TMOCTUHAYCTPHAIBHOM  OOIIECTBE.
@opMynUpYIOTCS OCHOBHBIE MPOOJSEMBI W 3aJlaud, CTOSIIME CETOAHS TMepen
POCCUICKON I€0IE3UEN.

D.V. Lisitsky
Siberian State Academy of Geodesy (SSGA)
10 Plakhotnogo ul., Novosibirsk, 630108, RussiatefFation

FROM GEODESY FOR ECONOMICS TO GEODESY FOR INFORMATION-
ORIENTED SOCIETY

The paper deals with the level of geodesy appboati economics and in public
use achieved by early XXI century. The new functioh geodesy and the directions
of its development in post industrial society dsoaonsidered. The major problems
and targets facing Russian geodesy today are eimptas

IIpn omnpeneneHnyn NEPCHEKTHB  Pa3BUTHS  POCCUMCKOM TeONE3MH  Ha
COBPEMEHHOM 3Tare, pa3paboTke cooTBeTCTByome KoHuenuuu, HEOOXOAMMO
UCXOUTh M3 MecTa M POJM TeoAe3ud B O00ECHEeUeHHUH COBPEMEHHBIX
nH(pOpPMaIIMOHHBIX TOTPEOHOCTEN 00IIIECTRA.

Hcropuueckuit HKCKypc B 4YacTH IIOCTAHOBKHM TI'€OJIE3MYECKUX pPaboT U
opranuzanuu reojesundeckoro npoussoacTsa B CCCP, a 3arem B Poccun B koHIIe XX
— Havasie XX| BB. MOKa3bIBaeT, YTO OTEUECTBEHHAs TIeoJe3Hsl 3a ITOT BeChMa
HEOOJBIION  MPOMEXKYTOK  BPEMEHM  MOABEPINIaCh BEChbMa  CYIIECTBEHHBIM
npeoOpa3oBaHusIM. OJTO MPOUCXOJWIO B JIOCTATOYHO IOJHOM COOTBETCTBUU C
COLIMAJIbHO-3KOHOMHUYECKUM MPEeoOpa3oBaHUSIMU CaMOT0 OOIIECTBA U POCCHICKOTO
roCy/1apCcTBa, a TaKXke B CBA3M C NMEPEXOIOM Pa3BUTHIX CTpaH, B TOM yucie u Poccun,
B MOCTUHIYCTPHANbHYIO 310Xy. OgHAKo, MO HAallEeMy MHEHHIO, UMEIH MECTO H
JOBOJIbHO HEJIOTUYHBbIE MPEeoOpa3oBaHUs, MEPEKOCHl, OOYCIIOBICHHBIE SIBHBIM
HEJIOMOHMMAaHUEM MUCCUH M MECTa I'e0/Ie3UH B KU3HH COBPEMEHHOTO O0IIeCTBa.

locynapctBennass  cimyx0a  reome3ud M Kaptorpaguu  HEOIHOKPATHO
NePEOPUEHTUPOBATACH HA BBITIOJHEHUE XOTS U BaKHBIX, HO HE OOIIEroCyJapCTBEHHbBIX
¢byHkuui obecnieueHus] HYXK]J TPaHCIOPTA, KajgacTpa HeABW>XUMOCTH. [Ipu sToM oHa
NOCTENEHHO Tepsja CBOM IVIaBHBIM (DOKYC B YacTM CO3JaHUS M BEJICHHUS



TOCYJapCTBEHHBIX T€0JE3MUECKUX U KapTorpa)uyeckux OCHOB, HECKOJIBKO pa3
PEOPraHU30BbIBAIACH, TOCTEIIEHHO IIOHMXAasi CBOM TOCYIAPCTBEHHBIM CTaryc oOT
CaMOCTOSITEJIBHOTO BEJIOMCTBA J0 areHTCTBA U Jajiee JO CTPYKTYPHOTIO IMOIpa3AeIeHUs
KOMITJIEKCHOU DeiepanbHOM CITyXKObI.

OOHOBPEMEHHO C A3THUM, POCCHUMCKas Treole3us KaK CaMOCTOSITEIbHBIA BHUJ
NEeSTEeIBHOCTH TIpeTepriesa CyUIECTBEHHbIE W3MEHEHUs, OOYyCIIOBICHHBIE OOIIMM
XOZIOM Pa3BUTHS SKOHOMUKHU U HAYYHO- TEXHUYECKUM MPOrPECCOM.

Bo-nepBbiX, NOSBWINCH, W  Pa3BWJIM CBOM  MOIIHOCTH  NPEANPHUITHSL
HEroCy/IapCTBEHHBIX (OpPM COOCTBEHHOCTH, B peE3ylbTaTe YEro MpPOU30ILIO
nepepacnpeneneane  QyHKIUA W 00BEMOB  TEOJE3MYECKUX  PaboT  MEXIy
roCyJapCTBEHHBIM U HETOCYJaPCTBEHHBIM CEKTOPAMU.

Bo-BTOpBIX, OCYIIECTBWIOCH TEXHUYECKOE IIEPEBOOPYKEHUE IPOU3BOIACTBA U
OCBOEHHUE CaMbIX COBPEMEHHBIX MUPOBBIX TEXHOJIOTUN U CPEACTB, BCIEICTBHE YETO
poccuiickas Teofe3usi B TEXHUYECKOM OTHOILICHHM IPAKTUYECKH CPABHSIIACH C
BBICOKOPA3BUTBHIMH CTPAHAMU.

B - Tperbux, pe3ko pacmupwinch cdepa MU MacCOBOCTh MNPUMEHEHUS
reofIe3UYeCKMX METOJOB M PE3YJbTaTOB TI'e0/Ie3UYECKUX padOT B HKOHOMHUKE H
o0l11IeCcTBE, B TOM YUCJIE CPEIU HACEICHMUS.

B-ueTBepThIX, MOABUIMCH HOBBIE 3aJa4d W IPOLECCHI, CBSI3aHHBIE C
KOMMEpPYECKUM MPOJIBUKEHUEM I'€0Ie3UUECKUX JIaHHbIX, TeOUH(POpPMAIIUU U YCIYT A0
MoTpeOuTENIeH, B TOM YHCIIe C UCTIOJIb30BaHueM MHTEepHeT.

Ho camoe mmaBHOE — mepen pOCCHIMCKOM W MHUPOBOW TE€OAE3MEH NOSBUIMCH
NPUHLIMIIAATIBGHO HOBBIE 3a7a4d, OOYCIIOBICHHbIE HOBBIM TIEPUOIOM Pa3BUTHS
YEJI0BEYECTBA.

Hauanmo XXI| Beka 03HAMEHOBAJIOCH 3aBEPUICHUEM HHIYCTPUAIBHOW 3M0XH U
MEPEexXoIoM  BCET0O  MHPOBOTO  cOOOIIeCTBA B  AMOXy  HH(POPMAIMOHHYIO,
OTJIMYUTENLHON OCOOCHHOCTBHIO KOTOPOM SIBISIETCA MPHJIaHUE MPUOPUTETHOM pOIH
MH(OPMAIIMOHHBIM pecypcaM M KOMMYHHUKAIIMOHHBIM TporeccaMm. B pamkax 3Toro
HaANpaBJICHUsI TOJy4arOT BCE OOJbllee pa3BUTHE MPOEKTHl MO (POPMUPOBAHUIO U
peanu3aluyd HalMOHAJBHBIX MpOrpaMM CO3[aHUs DIOOANIbHBIX KOMIIBIOTEPHO-
OPHUEHTUPOBAHHBIX H(}OPMAIIMIOHHO-KOMMYHHUKAIIMOHHBIX CUCTEM U1t
OCYULIECTBIIEHUS TOCYIAPCTBEHHON NEATEIbHOCTU M KU3HEAEATEILHOCTH 00IlecTBa.
DTO Takue TPOEKThl, KaK « DIEKTPOHHOE TOCYHapCTBO», <QIEKTPOHHOE
MPaBUTENLCTBO», <AJIEKTpOHHOEe ob0mectBo» u T.a1. B Poccum peanusyercs
nporpamma «JnekTpoHHass Poccus» W HauMHAET pa3BEpTHIBATBCS IpOrpamma
«MupopmannonHoe obmectBo», B Kurtae «lludposoit Kutait», B I'epmanun «e-
Government»p CHIA BeiiBunyTa KoHUEenus «{udposoro mupa» u ap.

B Poccun 3TH mporpaMMbl CBSI3BIBAIOTCS C Hieed TI00AIbHONW MOAECPHHU3AIIUU
HSKOHOMHUKHA U COIMAJBHBIX OTHOUICHWH, a 3TO TpeOyeT NPUHIMIINATIBHO HOBBIX
NOJIXOIOB K OCBOCHMIO M MCIOJIb30BAHUIO OKPYKAIOIIETO HAC TIeONpOCTPAHCTBA.
Kpome Toro, crnenyer yuutbiBarh (hakT CylIIECTBEHHOTO M3MEHEHUS! TEXHOJOTUYECKUX
U TEXHUYECKHX BO3MOXKHOCTEH IMOJy4€HHUs, HAKOIUICHUs, Iepenadd, oOpaboTKU H
UCIOJIb30BAHMS T€OJIE3UYECKUX JaHHBIX, OTOOpa)XarolUMX B CBOEH COBOKYITHOCTH
re0npPOCTPAHCTBEHHBIE XapaKTEPUCTUKKU OKpYXarolleil Hac cpeibl oOuTaHus. JTO B



CBOIO O4Yepelb CYIIECTBEHHO H3MEHSIET CYIIHOCTh W CONEpPKAHUE TeOJe3NUECKUX
pabor.

VIMEHHO B COOTBETCTBHMM C OTUM W HEOOXOAMMO paccMaTpuBaTh CETOIHS
MUCCHIO T€0JIe3UU B IKOHOMHKE, COIMAIbHOU cdepe, MOIUTHKE, 000pOHE, APYTHX
chepax KU3HEIEATEIHHOCTH OOINEeCTBAa W OTBETUTHh HA PsJl BOMPOCOB. KAKOBBI )K€
pOJIb U MECTO T'€OJe3MH B COBPEMEHHBIX YCIOBHSX, KaKUE BUIBI YEIOBEUYECKOM
JEeSATETHPHOCTH OHAa MpPHU3BaHAa O0OECMEeYNTh, KaKWe 3aJa4d JOJDKHA pelIaTh, KaKue
npeoOpa3oBaHusi HEOOXONMMBI 1t €€ 3(PGEeKTUBHOTO HCIONb30BaHUS, KaKHUe
TEHJCHIIMA W TEPCIEKTHBBl MPOCMATPHBAIOTCS CETOAHS — M BOOOIIE, Kyda HIET
COBpPEMEHHAs TeO/Ie3us?

JIist OTBETa Ha MOCTABJICHHBIE BOIPOCHI BHAYAJIE IEJIECOO0Pa3HO BCIIOMHUTH U
elle pa3 YTOYHHTh CYIIHOCTh T€ONe3UMH, OOBEKT W MPEAMET €€ HCCIICIOBaHHMA
(M3yueHUsI), TEPEYUCIIUTh HAMpPaBICHUS HCIIONB30BaHUS, CHOPMHUPOBABIIUECT K
HACTOSIIEMY BPEMEHH, MPOAHAIM3UPOBATh MUPOBBIC TEHICHIMH ee pa3Butus [1, 2, 3,
4,5,6,7,8,9].

BONBIIMHCTBO COBpEMEHHBIX OMPEACICHUN TeOAe3Ur CBOIATCA K TOMY, 4YTO
reo/ie3sl — 3TO HayKa U BUJ] YEJIOBEUECKOU JESATEIILHOCTH 110 OTPEACICHUI0 (DOPMBI U
pasMepoB 3eMiIM KaK IUIAHEThl, OKPYKAIOIIEro TIpaBUTAIIMOHHOTO  TIOJI,
POCTPAHCTBEHHBIX U TPABUTAIIMOHHBIX XapaKTEPUCTHK MPUPOIHBIX U TEXHOTCHHBIX
(uckyccmeennvix) 0OBEKTOB, SIBIICHUI M MPOIECCOB HA €€ MOBEPXHOCTH, TEOMETPUHN
00BEKTOB OKPYKAFOIIETO TEONPOCTPAHCTBA, B TOM YHCJIE CAMOTO TeOMPOCTPAHCTBA, a
TAK)KE  YCTAHOBJICHHWE 3aKOHOMEPHOCTEH WX  MPOCTPAHCTBEHHO-BPEMEHHBIX
W3MEHEHUN.

OObexToM wucciieoBaHus (M3YYCHHsSI) TEOJE3MH SBISCTCS OKpYXKaroIiee Hac
¢dusnveckoe MPOCTPAHCTBO (FEOMPOCTPAHCTBO), a MPEAMETOM — TeOMETpUYECKas
CTPYKTypa 3TOro mpoctpaHcTsa [1].

OcCHOBBIBasICh Ha TPUBEICHHOW IIeNIEBON (YHKIIMH, JOCTUTHYTBHIH YPOBEHb U
TEHJCHIINN JabHEHIIIETO Pa3BUTHS POCCUHUCKON T€OIE3UH CIIEAYEeT pacCMaTpHUBATh B
JIBYX aCIIeKTax:

— C conuanabHO-2KOHOMUYECKOW TOUKH 3PEHHS 00ECTICUCHHSI T€01e3MUECKIMHU
METOIaMU PEIICHUST COBPEMEHHBIX 3a/lad, CBSI3aHHBIX C MPOCTPAHCTBEHHBIMU
pEIICHUSIMA W CTOSIIIUX Tepea SKOHOMUKOW M OOIMIECTBOM, B MEPBYIO OdYEpE.b
MOJICpHU3AINH TOCYIapCTBa,;

— C TeXHUYECKOW M TEXHOJOTHMYECKOW TOYEK 3PEHUS] OCYIICCTBICHHS CaMHX
re0/Ie3NIeCKUX MPOIECCOB MO MPO(UIHLHBIM HATIPABICHUSIM IEATEIHHOCTH.

B HacTtosee BpeMsl TpaJWLMOHHBIA IEPEYEHb HANPaBICHUN HCIIOJIb30BaHUS
reo/Ie3Uy BKIIIOYAET B ce0sl CIeIyIOUIUE BUbI EATETbHOCTH!

— OmpeneneHue TEOMETPUYCCKUX M (PHU3MUECKUX TmapameTpoB 3emin (4
JPYTUX IUIAHET), €€ IIOBEPXHOCTH, 00OBEKTOB, SIBICHUH U MPOIIECCOB HA HEW;

— Co3gaHue M HCHOJBb30BaHUWE MPOCTPAHCTBEHHOW KOOPIMHATHO-BPEMEHHOM
OCHOBBI Pa3JIMYHOTO HA3HAUCHHS,

— IIpou3BoCTBO HA3eMHBIX TOMOTPAGUUECKUX ChEMOK;



— Teone3uueckoe  obecrieueHUE  NEATEIIBHOCTH  Pa3lWYHBIX  OTpacieit
ODKOHOMHKM ¥  OOOpOHbI  (M3BICKAHWH, TMPOCKTUPOBAHHUS,  CTPOUTEILCTBA,
IPOMBIIUIEHHOCTH, CEITLCKOTO U JIECHOTO XO35MCTBa, T€0JIOTUH, KaJaCTPOB BCEX BUIOB
u Ip.);

— MHByueHune COBpEMEHHBIX JBH)XCHUN 3€MHOM IMOBEPXHOCTH, AedopMarinii
3MaHUM U COOPYXEHHUU C LEJIBbI0 KOHTPOJA MX YCTOWYHMBOCTH, CHW)KCHMS pUCKA U
MOCJIEZICTBUI MPUPOAHBIX U TEXHOTEHHBIX KaTacTpod.

B mocienHue Tompl HavanM aKTUBHO (DOPMHUpPOBATHCS HOBBIE HAINPABICHHUS
reoIe3NUECKOM eI TeTbHOCTH:

— Co3manrie ¥ BeICHHEC HABUTAIMOHHOW HHQPACTPYKTYpBl H CHCTEM
ONPEACTCHUS] ~ MECTONOJOKEHUST W HABHTAlUU  NMOOBUJICHbIX ~ OOBEKTOB
reONpOCTPAaHCTBA HA CyIIe, Ha BOAE U B BO3/AyXE, B TOM YHCJE TPAaHCIIOPTA, JIOICH,
’KHUBOTHBIX;

— Oobecnieuenne MOHHTOPHHTA  COCTOSTHHS OKpY’Karomien cpensbl
(reOMOHUTOPUHT), B TEPBYID OUYEPEIb OINACHBIX TPOIECCOB U  SBICHHI,
CTIOCOOCTBYIONINX BOSHUKHOBEHUIO KPU3UCHBIX CHTYaIlUH;

— Co3naHne, HaKOIUICHWE, XpaHCHWE M JOBEACHUE [0 LIMPOKOTO Kpyra
MOTpeOUTENeH TeONaHHbIX U YCIyT (B TOM 4ncie yepe3 HTepHeT) 10 ONpeesICHHIO
MECTOIIONIOKEHHSI 00bEKTOB HA MECTHOCTH,;

— VYyactHe B MEKIMCUUIUIMHAPHOW JEATENBHOCTH TIO TOCTPOCHHUIO,
aKTyaJ M3allii ¥ HCIIOJIb30BaHUIO €AMHOTO TeOMH(OPMAIIMOHHOTO MPOCTPAHCTBA, B
TOM 4YHCJIE CO3JaHHIO HMHTETPHPOBAHHBIX MPOCTPAHCTBEHHBIX MOJEIeH THUIa
«uudpoBas 3eMs».

B xoHEYHOM WTOre 3THM HOBBIE HANpPABICHUS PA3BUTHUS I€OJIE3UU CBOMASTCS K
CO3/IaHUI0 WHTErPUPOBAHHOM HMHPOPMAIMOHHO-KOMMYHHUKAIIMOHHOW CpE/bl, Kak
COBOKYIMHOCTH  HMH(POPMALIMOHHBIX TE€OPECYpPCOB, KOMIIBIOTEPHOW U  JpYyrout
AIIEKTPOHHON TEXHUKH, MPOTPAMMHOIO OOECIEYeHUs, TEXHOJOTMM U CHUCTEM —
«3JIEKTPOHHOTO  T€ONPOCTPAHCTBa»,  OOECHEUMBAIOIIET0O  BCE  MOTPEOHOCTH
rocyaapcTBa B MPOCTPAHCTBEHHOW MH(MOPMALIMK U SBJISIOLIETOCS COCTABHOM YacThIO
TOCYJapCTBEHHBIX TNPOrpaMM HHPOpMATH3alUd OOMIECTBA Y  MOJICPHUBAIHH
AKOHOMUKH.

[eonge3nst  mOCTENEHHO  MEPEXOAUT  OT  CTaryca  CaMOCTOATEIbHOIO
MIPOU3BOJICTBEHHOTO CETMEHTa SKOHOMHUKHM K CTAaryCy HEOThEMJIEMOIO 3JIEMEHTa
IIEJIOTO psiia OTPaACiIe PYKOHOMHUKH U TPOIIECCOB KU3HENEATCTLHOCTH 00IIecTBa. B
OTOM  CBSI3W  TEONE3Wsl  CTAHOBUTCA  BAXKHOW  YACThIO  TIIOOQIBHBIX
oOIIerocyIapcTBEHHBIX M OOIIeYenoBeYeCKnX  mpoekToB. (OHa  sBIsETCA
(GyHIaMEHTOM TPOCTPAHCTBEHHOIO MPEACTABICHUSI BCEX OOBEKTOB OKPY>KAIOIIETO
MUpa B €IMHOW CHUCTEME KOOpAMHAT, 00ECHeurMBaeT TOYHOCTh U IEIOCTHOCTH
100aNbHBIX CUCTEM MO3UIMOHUPOBaHUA. leone3us co3aeT, MOANEPKUBAET MU
OPEeIOCTaBIseT KOOPAMHATHYI0 OCHOBY HMHGPACTPYKTypbl MPOCTPAHCTBEHHBIX
JAHHBIX, COCTOSIIEN W3 Pa3IUYHBIX CIOEB MPOCTPAHCTBEHHO-KOOPAUHUPOBAHHOM
uHdopMalMK, OTpaxarouiell Bce 0e3 UCKIOYEeHUsT c@epbl  YeI0BEYECKOM



JCATSIILHOCTH M OKPYKAIOIIEH TPUPOTHON cpebl (a 3TO — MHPOPMAIIMOHHAS OCHOBA
NEATEIBHOCTH OpPraHOB YIPABJIEHUSA, B TOM YHCIE 3JEKTPOHHOIO IMPABUTEIBCTBA U
ANIEKTPOHHOTO TocymapcerBal). [eome3us CTAHOBHTCS HEOTHEMIIEMOW YaCThIO
KU3ZHEJEATEIbHOCTH  COBPEMEHHOIO  O0IIecTBAa B YaCTU  KaXJOJHEBHOTIO
UCIOJIb30BaHMsl TeOMH(pOpPMallMK, MO3UIMOHUPOBaHUs, HaBurauuud. Kpome Toro,
reojie3us B KOMIUIEKCE C IPYTUMU HayKaMu O 3eMJI€ y4acTBYeT B (PyHJaMEHTAJIbHbIX
UCCJIEIOBAaHUSAX TBEPJOM OO0OJOYKH, OKEAaHOB M arMocdepbl 3emiid, H3ydaeT HX
W3MEHEHUS B MHTEPECAX BCErO YEIIOBEUECTBA.

[Io wnHamemy TBepaOMy YOEKIECHHUIO TEOAE3MUYCCKHE BO3MOXKHOCTH TIO
ONPEAECIECHUID MECTONOJIOKEHHUSI B NPOCTPAHCTBE IMOCTENEHHO CTAaHYT IIMPOKO
BOCTpPEOOBaHBI HACETICHHEM, TTOIOOHO TOMY, KaK BOCTPEOOBAHO CETOIHS OPHEHTAIIUS
moneit Bo BpemMeHH. COBPEMEHHBIN YEJIOBEK CETOAHS HE MOXKET CYIIECTBOBaTh 0e3
9YaCOB M OHH OKPY)KAIOT €0 B CaMBIX Pa3IMYHBIX ()OpMax — pydHBIE, HACTOJILHEIE,
HACTEHHBIE, B COTOBBIX Tele(OH, B KOMIIBIOTEpPaX, B OBITOBOIM TEXHUKE U T.1. OqHAKO
NOHAIOOWINCH 1I€JIbIe CTOJIETHS, 4YTOObl KOOpJMHAaTa BPEMEHHU CTalla CTOJIb
HEO0OXOIMMOM. AHAJIOTMYHO STOMY, KOOPJIMHATHI MPOCTPAHCTBA TaKXKE CTaHYT
HEOOXOIMMBIMU M JIaTYMKKA MECTOIOJOKEHHUSI CTAaHyT TaKUM >K€ MAacCOBBIMU
yCTpOMCTBaMM, KaK 4Yachl W COTOBble Teneonbl. Jltonu OynyT MIIaHMPOBAThH
pa3JIMYHbIE MEPOIIPUATHSI, BCTPEUH C YKa3aHUEM HE TOJIBKO BPEMEHH, HO U MECTA.

B kauectBe mpumepa OJHOTO M3 TaKMX MACCOBBIX M OOIIECTBEHHO 3HAYMMBIX
MPOCKTOB MOXKHO TPEIJIOKUTh MPOEKT Cco3mMaHusi U (YHKIIMOHUPOBAHUS
TEPPUTOPHATBHON (pEerHOHANBHON, TOCYIapCTBEHHOH M, BO3MOXKHO, IJIO0ATBHON)
CUCTEMBI 0OecreueHnst 0€30MMacHOCTH YEI0OBEKa.

KoHnenuus Tako CHCTEMBI PENYCMAaTPUBAET CO3/IAHUE CITyTHUKOBOU CHUCTEMBI
HAOJIFONIEHUST 32 KaXKIBIM YEJIOBEKOM, JOOPOBOIBHO TMOAKIIOUUBIIAMCS K OSTOU
CUCTEME W CHAOKCHHBIM  CIICIIMAIBHBIM  YCTPOWCTBOM, 00€CTICUYHMBAIOIINM
HEMpPEPbIBHOE OTCIEKUBAHUE W (PUKCALMIO €r0 MECTOIOJIOKEHHS. YCTPONCTBO B
CIIOKOMHOM cuTyaluu OyAeT BBIKIIOYEHO U €CJIM YeJIOBEK OCO3HAET BO3MOXKHYIO
OMAacCHOCTh U BKJIIOYAET €ro, TO 3TO OyAeT CUTHAJoOM JUIsl Hayaia paboThl CUCTEMbl —
T.. KOMaHJOW THUIIAa «TPEBOKHOW KHoMKW». [Ipubop OymeT BKIHOYATHCS, KOTIA
YEJIOBEK HAYMHAET OINACHOE IYTEUIECTBHE, 3aCTylaeT Ha OIACHOE JEXYPCTBO,
OOBSIBIEHO IITOPMOBOE TMpEeAyNpexaAeHue W T.J. BblkioyeHue mnpudopa
NO3UIMOHUPOBAHUS C MPUMEHEHHWEM JIMYHOTO mapoist Oyaer  O3Havarb
OJaronoiy9HOe 3aBEepIEHNUE OMMACHON CUTYaIliH, B CIIydae BBIKIIOYCHUS 0€3 maposis
OyZIeT BBITIONHSTHCS CIacarelibHas OTepalns CUjIaMu CIICIIHAIBHBIX MTOAPa3IeICHHH,
Hampumep MUC. K Takoil cucteme BHayajge MOTYT HOJKIIOUATHCS JIFOIU
MOTEHIIMAIBHO OIMACHBIX TMpOQeccuii — BOEHHBIE, T€O0JIOTH, MOKAPHBIE, JIECHUKH,
erepsi, MIJIMITUOHEPHI, U3BICKATEIN U T.11.,  TAKXKE JTIOOUTETN SKCTPEMATBHBIX BUIOB
CIOpTa M OTHABIXa — AJTBIUHUCTBI, TYPUCTHI, OXOTHUKH, PbIOOTIOBBI U np. Cucrtema
MOXET OBbITh IMOCTPOEHAa Ha KOMMEPUYECKOW OCHOBE C HEOOJIbIIOW a0OHEHTCKOU
IUIaTOM M OIUIaTOM OCHOBHBIX pAacXOlOB [0 BPEMEHUM HaxOXKICHHUs Mpudopa
NO3ULIMOHUPOBAHUS BO BKJIFOUEHHOM COCTOSIHUM, 4 TAK)KE€ PACXOLOB HA MPOBEJICHUE
CIIacaTeNIbHbIX MEPOIPHUITHUH.

TexHnueckne BO3MOKHOCTH pEAM3alUM YKAa3aHHOW W APYIMX AHAJIOTUYHBIX
IIPOEKTOB CETrO/IHSI UMEIOTCSI U MOTYT OBITh OOECIEYEHbl CPEICTBAMU COBPEMEHHOU



reope3nn. COOTBETCTBYIOILME PEBOIOLUOHHBIE U3MEHEHHUS! B METOJIaX, TEXHOIOTUAX
U TEXHUYECKUX CPEACTBAX CaMOWl TeoJe3ur OOYCJIOBIEHBI BCE BO3PACTAIOIIUMHU
NOTPEOHOCTH IKOHOMHUKHU U 00IIECTBA B COYETAHUU C OYPHBIM IIPOTPECCOM B 00IaCTH
DIIEKTPOHUKH W KOMIBIOTEPHOW TeXHUKH. COBpEMEHHas TeoAe3usi CTPEMUTEIbHO
YXOJIHUT OT UCIIOJb30BaHMSI HA3EMHBIX I€OJIE3NYECKUX MTOCTPOEHUN — CETEH, XOA0B K
ABTOHOMHBIM OMNPEJEICHUSIM KOOPAMHAT W BBICOT, OT MPUMEHEHHS OTIEIbHBIX
CPEIICTB U3MEPEHUN — Te0lIe3NYECKUX MPUOOPOB M MOCIEAYIOEH KaMepaiabHOU
00pabOTKM K CcHCTEMaM KOOPJAWHUPOBAHUS M CBEMOK (CHCTEMBI TIIOOALHOTO
MO3UIIMOHUPOBAHUSA, MOOWIBHBIE CHEMOUYHBIE CHCTEMbI, CHCTEMBI JIa3€pHOTO
CKAaHUPOBAHMSA, CHELUUAIBHBIE CHUCTEMbl WH)KEHEPHO-TEOAEC3UMYECKUX H3MEPEHUM H
ap.), 00eCIeYNBAIOIINM B TIEPCIICKTHBE MOMyYSHHE KOHEYHBIX PE3YJIbTaTOB B PEIKUME
PEaTbHOTO BPEMEHHM.

IIprBeneHHBI COBPEMEHHBIM B3IVIAJA HAa TE€OJAE3UI0 B paMKax JaJbHEHIIEH
nH(pOpPMATHU3AIMN SKOHOMHUKU U OOIIECTBA MO3BOJISET CHOPMYIUPOBATH CIAEAYIOIINE
TEH/ICHIIUU Pa3BUTHUA, MOAEPHU3AIMHU T€0JE3UU U HOBBIE CTOSILIME MEPE] HEW 3a1auH,
B TOM umncie u 1 Poccun.

B obOmactu yuactus reone3uu B OOILIEM KOMIUIEKCE  XO3SHCTBEHHOM
JEeSTEIBHOCTH M COLMATIbHOM JKU3HU OOLIECTRA!

1. Pa3BepThiBaHUE TOCTOSIHHBIX MApPKETUHIOBBIX MCCJIEIOBAaHUN pbIHKA U
CO3[JaHWE YCTOMYMBOIO MApKETUHIOBOTO MMHU/KA TE€OJE3MM B IKOHOMHKE,;
ITOATOTOBKA CIIEHHUAIBHBIX MEHEIKEPOB-TEOAE3UCTOB,;

2. IlpoBeneHue MOMUTUKU CO3AAHUS U PACIIMPEHHS COOOIIECTBA MOCTOSHHBIX
noTpeduTeneil reoAe3nvyecKod HHPPACTPYKTYypbl MOAaHHBIX MU YCIYyr — OPraHOB
IIPABUTENBCTBA UM  TEPPUTOPUAIBHOTO  YHPABJIEHUSA, OTpacield IKOHOMHKH,
KOPIOpAaLNi, OpraHu3aui, YaCTHBIX JIMI ¥ IIUPOKUX CIIOE€B HACEIICHHUS,

3. VYnyumenue 3KOHOMUYECKUX MOKa3aTeeun u MOBBILLICHUE
NPUBJIEKATENIbHOCTA  JUIsl  MOTpeduTeneil — MOBBIIIEHUWE  PEeHTA0EIbHOCTH,
NOCTYIHOCTh TIO IIEHaM, MHOTOKPAaTHOE HCIIOJb30BAHUE T€OJAHHBIX, KOOPIAWHALIUS
NEATEIBHOCTH NOCTABIIMKOB I'€OJaHHbIX U YCIYT U T.A.;

4. MaccoBoe NpUMEHEHUE TEIEKOMMYHHUKAIMOHHBIX TEXHOJIOTHH JOCTyma K
T€OJaHHBIM U YCIIYTaM;

5. VYyacTue B KOMIUIEKCHBIX MEKIUCIUIUIMHAPHBIX IPOrpaMMax U MpoeKTax, B
NEPBYKD OYEpeAb B KPUTHYECKH BAXKHBIX CIy4yasX, HampuMep, B MOHHUTOPHUHIE
COCTOSIHUSL OKPYXKAIOIIEH Cpeabl, YNPaBICHUHW B YPE3BBIYAMHBIX CUTyalUsX,
HAOIONEHUAX 32 NNI00ATbHBIMHU U3MEHEHUSIMU KIIUMaTta u Jp.

B oOmactu MeTOAOJIOTMYECKHX, TEXHUYECKUX U TEXHOJOTHYECKUX 3aaad
re0/Ie31H:

1. VYTouHeHwe mapaMeTpoOB Treouja C LEJIbI0 TMOBBIINIEHUS TOYHOCTHU
OTpEJEIeHHs] BBICOT CPEJICTBAMU CUCTEM IT100aJIbHOTO MO3UIIMOHUPOBaHUs 10 1 cwm;

2. Coznanue, pa3BUTHE U UCIOJb30BAHUE BBICOKOTOYHON MHOTOMEPHOM CeTH
OIOPHBIX reose3ndyeckux MyHKToB (3-D) Ha TeppuTOpHIO CTpaHbl, 00ECIICUNBAIOIICH
TOYHOCTh OIPEACICHUS TOJOKEHUS B TpeX M3MepeHusx mnopsaka 1 cm u
BO3MOXKHOCTb MOJICJIMPOBAHUS. CKOPOCTH JIBMJKEHUS 3€MHOM KOpBbI C LEJIbI0 €€
IPOrHO3a,



3. Coszmanue u obecneueHue (QPyHKUIMOHUPOBAHHS TMOCTOSHHO JEHCTBYIOLIECH
CHCTEMBbl pe(epeHIHbIX CTaHIM, OO0eCleunBaroIIeii MonydeHne HHGopManuu
KPYIJIOCYTOYHO M B peaibHOM BpeMeHH (T.e. 6e3 mocToOpaboTK);

4. Illupoxoe OCBOEHHE NPOU3BOICTBOM CHEMOYHBIX MOOWIIBHBIX CHCTEM U
CHCTEM JIa3epHOTO CKaHHPOBAHHS,

5. HWurerpamms ¢ JApYyrMMH TIeOHayKaMd JJIsl  CO3[aHUs W BEACHUS

UHQPACTPYKTYpbl ~ MPOCTPAHCTBEHHBIX  JAHHBIX,  KOMIUIEKCHBIX  MOJEen
OKpYXAIOIIEr0  MPOCTpPaHCTBA  Tuma  «udpoBas  3eMis»,  3IEKTPOHHOTO
reonpoOCTPAHCTBA, TEJIEKOMMYHUKAITMOHHBIX TEXHOJIOT Ui W CII0JIb30BAHUS

IMPOCTPAHCTBCHHBLIX PCCYPCOB B PA3JIMYHBIX CUCTCMAX MOHUTOPHHIA, HABUIAIUH,
OIIPCACIICHUA MCCTOIIOJIOKCHUS.

Oco0as 3anaua aiia Poccuu 3akiaodaercsi B BOCCTaHOBIEHUHU TOCYJaPCTBEHHOTO
PErylIupOBaHus U YIPABICHHS T'€0JE3NYECKOMN AeSITeIbHOCTHIO U IIEHTPAIN30BAHHOE
BBIIIOJIHEHUE  TE0Je3WYEeCKMX  (YHKUMH  TNpaBUTENbCTBA —  MOAJEP)KaHHE
roCyJIlapCTBEHHON KOOPAMHATHON CHCTEMBI, TONOrpauyecKux OCHOB, CTAaHIAPTOB HA
reoMH(pOpMaIIo0 U CPeACTBa M3MEpEeHHi, reorpaduuecknux Ha3BaHUM, TOIOKEHUS
rOCYapCTBEHHBIX W aJIMUHHCTPATUBHBIX TPAaHUIl U Jpyrue, MPeIyCMOTPEHHBIE
JEUCTBYIOUINM 3aKOHO/IATEILCTBOM B YACTH T'€0/Ie3UYECKO IeITEeTbHOCTH.
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SUMMARY

The questions the authors would like to addresthat paper are about the
perspectives and challenge that 3D and even 4Da@ $onfronted to represent and
manage the user space.

In our today and future society there is a growmtgrest and effective need of
geospatial information to manage the space anddhbwl life of people, to provide
strategic data’s to city planners and governmeaggncies and also to address the
disaster situations like the recent earthquakadaiti and Chile. On the other side,
the users of such information systems are alsongilio interface with their spaces
and even to cross over those geospatial data'stiagih social networks.

With the long term experience the professionalsrasquired in the formalism,
the data structure and the semantic associatedtwetl2D GIS it would have been
straight forwarded to extend the dimensions totlinel and even the fourth one as
“time” is an intimate component of the geospatiatad For those who doubt about
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that the authors would simply refer to the cadastfarmation that are updated at
least on a yearly basis and allow the administsatorsetup the genealogy of the
rights associated of a given parcel.

But it is definitively not the case. Some attemps lbeen made to upgrade the
2D GIS up to 2.5D GIS where the height would hagerbconsidered as an attribute
of some objects like the buildings to derive a 3presentation of some limited
spaces like cities and industrial areas.

The challenges posed by the 3D are of many naaméghe fact that today the
acquisition technologies (like HDS, LIDAR, Airborreensors ...) allow easily to
capture massively the data in 3D is one of theduawes.

In their conclusions, the authors will suggest angfe of paradigm that would
address those issues by considering that the gemisieta’s must be accessible from
the users and from their spaces. After all, thértelogy is now evolving to Cloud
computing that utilizes software as a service (Haach as Web 2.0 and other
technology trends, all of which depend on the Iméfor satisfying users' needs.

THE EXPECTATION

Dohyung Kim and llir Bejleri already quoted thatmyaurban planning agencies
involve the public in the development review praceb this process, the new
development proposals are typically presented edlaction of reports, GIS maps,
2-dimensional plans, perspective drawings and [gnafins.

Frequently, participating citizens face difficutien fully understanding the
proposals due to lack of training in interpreting @glans and maps and inability to
link all the pieces of information together. Thamegatively affect the development
approval, discourage future public involvement amay diminish the role of public
participation in decision making.

The communication of information to the public danfacilitated by the use of
3-dimensional information, particularly for urbamsign projects. The 3D digital
models, rendered in high realistic details canveeliclear representations of the
information and can be successfully used to anallgeeproposed developments in
the context of the surrounding structures and famgarison of proposed design
alternatives.

Moreover, the combination of 3D models with 2D GHematic data such as
demographics, zoning and property information, mlevthe comprehensive
information required for the understanding and ysialof the complex relationships
in city planning.

Recent developments in GIS data structures withcad in relational databases
have created opportunities for a better integrabbriraditional 2D thematic GIS
information with 3D urban models.

Also in our local cities and global economies tqdagug Eberhard in “A Model
Vision of the Future” continues to see increasechatel and democratization for
richer information and communication moving fronakogue to digital, 2D to 3D, to
4D and beyond.

So how will we envision and engage CAD, BIM, Gedspa Analysis,
Simulation, Visualization, Web Services and Collaon tools in the future? How



can we work in a more informed, integrated and alismay, while maintaining the
security and integrity of our designs, our data and decisions? How will owners,
agencies, businesses and the public interfacethighprocess and information as it
becomes more valuable and more available...or not® Mdl the people, the
policies, the projects and the tools come togetbehelp us better plan, design,
construct and maintain a more sustainable worldyt@hd in the future?

WHY A 3D GIS SYSTEM IS MUCH MORE COMPLEXE?

To further understand the challenge of increasmgdimension of 2D GIS, we
would like first to refer to the tasks or the funas of a GIS (Raper and Maguire,
1992) are: (1) Capture, (2) Structuring, (3) Mamapion, (4) Analysis and (5)
Presentation, and can be summarised as follows:

— Capture is inputting spatial data to the systemnydifferent techniques
and devices are available for both geometric amdbate data. The devices in
frequent use for collecting spatial data can bestli@d as manual, semiautomatic or
automatic and the output either vector or rasten&b.

— Structuring is a crucial stage in creating a spdtdabase using a GIS. This
Is because it determines the range of functionsglwban be used for manipulation
and analysis. Different system may have differéntcsuring capabilities (simple or
complex topology, relational or object-oriented).

— Manipulation, among important manipulation openasiare generalisation
and transformation. Generalisation is applied éalucing data complexity or to make
the data presentation more legible. Transformatioludes coordinate transformation
to a specified map projection and scaling, etc.

— Analysis is the core of a GIS system. It involvestme, topological and/or
order operations on geometric and attribute daiedrily, analysis in GIS concerns
operations on more than one set of data, whichrgezsenew spatial information of
the data. Terrain analysis (e.g. inter-visibilitggometric computations (volume, area,
etc), overlay, buffering, zoning, sorting are ameypjcal analysis functions in GIS.

— Presentation is a final task in GIS. That is tosprg all the generated
information or results such as in the form of mapaphs, tables, reports, etc.

Ideally, a 3D GIS should have the same function8a$&1S and should be able
to model, represent, manage, manipulate, analydes@pport decisions based upon
information associated with three-dimensional pmemaa (Worboys, 1995).

The definition of 3D GIS is very much the same @sZD system. In 2D GIS
systems are common, widely used and able to hamist of the GIS tasks
efficiently. The same kind of system may not beeafndl handle 3D data if more
advanced 3D applications are demanded (Raper amkli K891; Rongxing Li,
1994) - such as representing the full length, wattd nature of a borehole. 3D GIS
system is not just a simple extension by anotheedsion (i.e. the 3rd dimension) on
to 2D GIS. To add this third dimension into exigti@D GIS needs a thorough
investigation of many aspects of GIS including #edent concept of modelling,
representations and aspects of data structuring.



Existing GIS packages are widely used and undetstoo handling, storing,
manipulating and analysing 2D spatial data. Thapability and performance for 2D
and for 2.5D data (that is also DTM) is generaltgepted by the GIS community.
However a GIS package, which can handle and matgdD data and DTM, cannot
be considered as 3D GIS system because DTM daiat iceal 3D spatial data. The
third dimension of the DTM data only provides (oftafter interpolation) a surface
attribute to features whose coordinates consisy ol planimetric data or X, y
coordinates. GIS software handling real 3D spal#h is rarely found. Although the
problem has been addressed by several researcldras Raper and Kelk (1991),
Cambray (1993), Rongxing Li (1994), and Fritsch9@Q some further aspects
particularly spatial data modelling using objeakeated techniques need to be
investigated.

Further, works of Pilouk(1996), Abdul-Rahman(2008nd Zlatanova(2000)
have investigated the problems and proposed sorhgioss to the problems.
Pilouk’s and Abdul-Rahman’s works were focusseduwiteble data structures for the
system whereas Zlatanova’s work looked on the t¥¢ed and 3D city buildings.

The developments of 3D GIS is however driven algthle new application and
Raper and Kelk (1991), Rongxing Li (1994), Forst(995), and Bonham-Carter
(1996), Pilouk(1996), Abdul-Rahman(2000) presemhemf the three dimensional
application areas in

GIS, including:

— Ecological studies

— 3D urban mapping

— Environmental monitoring

— Landscape planning

— Geological analysis

— Architecture

— Civil engineering

— Automatic vehicle navigation

— Mining exploration

— Archaeology

— Hydrographic surveying

— Marine biology

The above applications may produce much more ugdtrimation if they were
handled in a 3D spatial system, but it appears 3Baspatial objects on the surface
and subsurface demand more complex solutionsi(etgrms of modelling, analysis,
and visualization) than the existing systems céer.of

The difficulties in realising 3D GIS or 3D geo-Spatsystems result mainly
from:

— Conceptual model: although there are several datatsres available for
the 2.5D and 3D data, each of them has its ownngtrand weak points in
representing spatial objects. Spatial data can bdetied in different ways. The
conceptual 3D model integrates information abomasgics, 3D geometry and 3D



spatial relationships (3D topology). The conceptualdel provides the methods for
describing real-world objects and spatial relatops between them. The design of a
conceptual model is a subject of intensive invesitigns and several 3D models have
already been reported (see Brisson 1990, Molen@82,1Cambray 1993, Pilouk
1996, Pigot 1995, Zlatanova 2000, Abdul-Rahman 26@@nd 2001).

— Data collection: Modelling in 3D drastically incsss the cost of data
acquisition, as compared with 2D. Despite the peglin automatic object detection
and 3D reconstruction (see Gllch et al 1999, Lardy Feorstner 1996), the manual
work is still predominant. Methods for constructitige model combining data from
various sources, automatic techniques for dataisiign (geometry and images for
texturing), rules and algorithms for ensuring ceteicy of data, algorithms for the
automatic building of 3D topology, etc., are theits still widely discussed in the
literature.

— Spatial analysis: Whilst thematic analysis and p@tial analysis are well
studied, research on 3D spatial analysis is stillaa intensive stage. Spatial
relationships are the fundament of a large grouppsrations to be performed in
GIS, e.g. inclusion, adjacency, equality, directimersection, connectivity, and their
appropriate description and maintenance is inedatéimilar to 2D variants, 3D GIS
should be capable to perform metric (distance, tlengrea, volume, etc), logic
(intersection, union and difference), generalisatlouffering, network (shortest way)
and merging operations. Except metric operatiorsstrof them require knowledge
about spatial relationships.

— Visualisation, navigation and user interface: Adwem in the area of
computer graphics have made visual media a magpedient of the current interface
and it is likely that graphics will play a dominardle in the communication and
interaction with computers in the future. 3D vissadion within 3D GIS requires a
number of specific issues to be investigated, &propriate means to visualise 3D
spatial analysis result, tools to effortlessly expland navigate through large models
in real time, and texture the geometry. Observation the demand for 3D City
models (see Gruber et al 1995) show user prefesdncehoto-true texturing, due to
improved model performance in terms of detail andmation. Trading photo-true
texture raises new topics for research, i.e. colledmethods, automation), storage
(original images vs. separate pieces) and mappirig the "geometry". Specific
functions of objects modelled in VR systems, arfdrred to as behaviours; gain an
increased popularity as tools for walking throudgjle tmodel, exploring particular
phenomena and improving the cognitive perception.

— Internet access: Remote access to 3D spatial iafowm is one of the
newest research topics. The Web has already shogvead potential in improving
accessibility to 2D spatial information (raster wwctor maps) hosted in different
computer systems over the Internet. New Web stan@&RML, DML) have created
the ability to distribute and navigate in 3D virtwaorlds. The research on spatial
guery and 3D visualisation over the Web has reduitea few prototype systems (see
Coors et al 1998, Lindenbeck et al 1998). The desigteria, however, are
visualisation- rather than spatial analysis-oridnte



Research works attempt to address these majorsidsyenvestigating the
possible uses of several data structures (includiogne 2D structures), the
construction of these data structures, the utitisabf these structures in spatial
modelling, the topological relationships of the ZD5D, and 3D spatial objects, the
development of a database from the spatial datal@dmplementation of them in
the form of a software which can be seen as compa@ieD GIS.

THE CASE STUDY OF 3D BUILDING MODELS

The rapid development of multi-sensor and multiragdchnologies has made it
possible to construct and visualise detailed 3 amodels. 3D city models are
typically rendered as central perspectives with depth cues and a self-explaining
character. They offer an intuitive organisationspfatial objects that replicates or
reflects the real world, thus utilising the viewgenatural perception and memory of
space as well as spatial relationships (Mallol.e2802; Germanchis and Cartwright,
2003).

Indeed 3D city models have been increasingly agplks communication
languages and working tools in a growing numbefi@fls such as architecture,
construction, archaeological reconstruction, urbatanning, tourism, civil
engineering, mobile telecommunication, energy sypphavigation, facility
management, disaster simulation, spatial cognérmhcomputer game industry.

Although these application fields share the coma@mand for 3D information,
their special requirements considerably differ widgard to precision, actuality,
spatial coverage and interoperability.

In other words, what is needed is not one singlatisn, but rather a number of
3D city models, which can be (1) different resauos of a city model, (2) different
updates of a city model, or (3) interoperable medéldifferent cities spread over a
large region. While case (2) and (3) deal withriegearch issues of spatial-temporal
data acquisition and modelling, case (1) focuseshenstudy of 3D objects in the
scale space.

The scale space of 3D buildings is essentiallynadr continuum, along which
an arbitrary number of milestones can be said ist egferred to as Levels of Detalil
(LoD). Each LoD corresponds to a certain degregenferalisation. Unlike the 2D
topographic maps that have standard official scglees, there are no generally
agreed LoDs for 3D buildings.

At its finest Level of Detail (LoD), a building odxgt can be typically described
by its external components, roof surface, roof eletnexternal wall surface, wall
element, and internal components, floor surfacermal wall, shared wall surface,
ground surface and ceiling surface.

Typically associated with its cadastral footpriatpuilding hull can be assigned
a number of general attributes describing the warigualities of the building. Each
storey level can be further attributed for exampie information about the
occupancy. Finally, every internal or external comgnt can be integrated with
application-specific attributes such as incidenasenergy, temperature or building
construction material.



3D building data can be acquired using a varietiegkestrial and non terrestrial
techniques.

Among others, aerial photogrammetry, aerial laseansing, terrestrial
measurement, close range photogrammetry, terdesdsar scanning and official
cadastral information have been widely applied.

— Aerial photogrammetry is able to economically captthe roof landscape
and ground texture of a large built-up area. Thetéd resolution of aerial images,
however, does not allow the detection of small rel@#ments. Neither are facade
structures acquirable as they are mostly invidiiam the air.

— Aerial laser scanning based on LIDAR (Light DetectiAnd Ranging)
technology can be used for direct acquisition of B@ilding surfaces. LIDAR
scanning can take place day or night, as long ear ¢lying conditions are present.
The cost of laser scanning is usually more expensian photogrammetric methods,
but the directly available 3D surface characteribgda point cloud allows for
straightforward data processing.

— Terrestrial measurement is a complementary metbodhe acquisition of
fine details, especially the individual structur@ns that cannot be observed from
the air. The high precision of this method requifasorious field work since
terrestrial details are usually selected and medason site.

— Close range photogrammetry is an economic methodiHe geometric
documentation of complex buildings and texturestgtion of facades. The result of
stereophotogrammetric analysis is usually a pr&iizéne drawing composed of the
visually characteristic edges and points on bugdsurfaces. Areas between the
edges, however, can hardly be interpreted in fetaill

— Terrestrial laser scanning or ground-based LIDABhm®logy is used to
capture 3D models of complex and irregular building is relatively expensive and
requires large storage capacity since the footgontains many measure points that
do not belong to the building structure. The 3Dnswiag does not reach as high a
precision on structural edges of buildings as cloarge photogrammetry or
terrestrial but its surface-based working principllows a precise interpretation of
the surface areas between characteristic edges.

— The geometric and semantic attributes of buildidgsumented in cadastral
databases and maps provide rich sources for theatlen of building models of
different LoDs. Information such as ground plang tlhumber of storeys and the
hypothetical assumptions about the average stagghtican easily lead to a block
model. Further information such as ridge and eawmesl| and their terrestrially
measured heights can extend the block model tadecloof forms. An important
advantage of seamlessly available cadastral dataatsindividual building models
from different cities can be easily sewed togetibeform a value-added 3D model
covering a large region.

All these existing methods can be combined to coosthigh-fidelity and
photorealistic 3D building models.

Although methods for the acquisition of 3D buildimggometries has been
constantly improving with regard to precision, abliity, degree of automation and



processing speed, a fully automated procedure doistcucting high fidelity 3D
building models is not yet in sight.

The existing approaches, even in combination, ace ttime intensive and
expensive for 3D data acquisition and updating. THok of access to actual and
extensive building models in various LoDs has hiedethe integration of thematic
information of different granularities. Moreovehet existing different LoDs of 3D
buildings within a limited spatial scope are oftaptured separately, using different
methods. The missing linkages result in a high teaignce cost and difficulties for
the user in conducting multi-scale spatial analysis

Adding the third dimension has dramatically inceshghe complexity of a
building model in both a geometric and a semargiiss. While a large-scale 2D
building is represented by its cadastral ground,pliae appearance of a 3D building
Is characterised by a lot more surface elementsais€yuently, it can take many
possible forms. The meaning of a 2D building isallyuexpressed by a number of
semantic attributes attached to its ground plarBDnspace, however, every surface
element of a building can be described by speelalastic attributes in addition to its
more general attributes.

Bearing in mind the complexity of a 3D building nebdcartographers are
confronted with the challenging task of derivinghstraints for model generalisation
from the interdependencies among building partsghturhood relationships
among individual buildings, and spatial structusésettlement blocks.

So far the knowledge and conceptual models negedsarsupport these
structures are still largely missing and still figlof research.

TOWARD THE CREATION OF A GENERIC META 3D URBAN
SPATIAL INFORMATION META-MODEL

The need of 3D urban spatial data infrastructur® @&DI) is now almost
commonly accepted. However, their implementatiorffessi from a lack of
standardisation. This is usually due to an undenesion of the initial conceptual
step, where modelling options should be clearliesta

Roland Billen, Francois Laplanche, Siyka Zlatanawd Ludvig Emgard (2008)
used an ontological approach inspired by their B&pee in spatial data acquisition
techniques.

The starting point of that ontology is to considleat the universe is composed
by free space and occupied space where theiraceré the only measurable feature.
On that basis, a generic 3D urban spatial inforomatneta-model is elaborated and
compared to the CityGML standard through the stofdghe building object. Except
from some Level of Detail (LoD) issues, both mod®is compatible.

TO RESTORE THE SPACE TO THE PEOPLE - A CHANGE OF
PARADIGM

To achieve the integration a 3D geospatial datastfucture has to be built in
order to connect the existing information islandsated by traditional disciplines
such as architecture, civil engineering and GISwatlt different focus.

Usually GIS is used to represent the current stafu®. whome city for
administrative purposes while in contrast, plannarmgl construction professionals



focus on the future shape and status of a relgtsmall part city or just individuals
buildings in very high detail.

Due to the historic development of domain spediiplications, systems and
formats, the different data sources are not inenage per se. Dollner and
Hargerdorn (2007) have shown an integration ofdhe&sta on visualization level
using a service-based 3D viewer based on the OGE S¥evice initiative 4 (OWS-
4).

However, new challenge such as disaster managesustainable development,
and energy-efficiency require do not only require iategration on visualization
level, but an integration and convergence on daideinlevel to enable intelligent
data processing on city scale level.

When those information systems will be availablee tQuestion of the
availability to the users of the users will stilbst probably stay as a serious issue.

The strategic goal for 2010 set for Europe is “émdme the most competitive
and dynamic knowledge-based economy in the workable of sustainable
economic growth with more and better jobs and greabcial cohesion." (Lisbon
European Council, 2000)

This new style of society is defined as the ‘Infation Society’, in which low-
cost information and Information Communication Tealogies (ICTs) are in general
use. E-Government has been defined as one of teeimportant goals in achieving
the Information Society (European Commission, 2Q00&aich intends to provide the
public with the services of government.

As one of the most important section of e-GoverrimmerPlanning is about
using ICTs to facilitate the urban planning procesith the support of government
policy (Communities and Local Government, 2004)e Tdm of e-Planning is to
enable easy access to information, guidance andcsesrthat support and assist
planning applicants, and streamlined means of sgpaand exchanging information
among key players. As traditional planning processjo-economic, environmental
and natural resource issues need to be consideredPianning to ensure urban
sustainable development and to enhance the qadlityman life.

The public is the most essential stakeholder iramirplanning and should be
considered carefully in the urban planning procssge they consist of the most un-
powered group (Vasconcelos et al., 2000). It is dombt that efficient public
participation can help government officials andeotprofessionals to create better
planning alternatives. In the context of e-Govemtrend e-Planning, one of main
aims of the Information Society is to enhance tlaodue between the public and
authorities, based on the sharing of informatiod &#me genuine participation of
social groups at various levels (European Comnms£l004).

In order to achieve this aim, an important concept ‘e-Inclusion’, is
introduced by the umbrella strategy of i2010 lawttby the European Commission,
which “ensures all people, especially the poor,uheducated and the unskilled ones
have access to this new society and benefit equatipn ICTs for network
strengthening, information sharing, creating knalgke resources and developing
skills necessary for life/work in the new digitalveronment” European Commission,
2005D).



The authors suggest a dramatic change of paradigthd way the spatial
information would be capture and distribute togesthe space to the people.

TECHNOLOGY CONVERGENCE ASKS FOR A CHANGE OF
PARADIGM

From the difficulties to represent the user’s spagiag geospatial infrastructure
to one of the final goal to make that informatioraiéable to the street people the
authors believe that a change of paradigm is thedistep.

The digital cities issue from the digital earth cept (Vice President US Al
Gore, January 31, 1998 in California Science Cerlios Angeles — California)
highlighted the goal:

“We have an unparalleled opportunity to turn a doof raw data into
understandable information about our society artdptanet. This data will include
not only high-resolution satellite imagery of thanet, digital maps, and economic,
social, and demographic information. If we are ssséul, it will have broad societal
and commercial benefits in areas such as educatieejsion-making for a
sustainable future, land-use planning, agriculfueald crisis management. The
Digital Earth project could allow us to respondritanmade or natural disasters - or to
collaborate on the long-term environmental chalkk=nge face.

A Digital Earth could provide a mechanism for usiersavigate and search for
geospatial information - and for producers to mibit. The Digital Earth would be
composed of both the "user interface" - a browsaBl2 version of the planet
available at various levels of resolution, a rapigrowing universe of networked
geospatial information, and the mechanisms for gmaténg and displaying
information from multiple sources.

A comparison with the World Wide Web is construetifin fact, it might build on
several key Web and Internet standards.] Like theb,Whe Digital Earth would
organically evolve over time, as technology impsownd the information available
expands. Rather than being maintained by a singkn@ation, it would be composed
of both publicly available information and commatcproducts and services from
thousands of different organizations. Just asop&nability was the key for the Web, the
ability to discover and display data containediifeent formats would be essential.”

What has changed from January 1998 is that Chinanftance took share in
that project and now it’s hundreds of large cittkat are organizing themselves
digitally and with the emergence of powerful comnmation infrastructure and
broadband wireless Internet, South Korea has asached their “Ubiquitous”
government programs where the RFID (Radio FrequéDentification) technology
will play an important role.

RFID (radio frequency identification) is a techngyothat incorporates the use
of electromagnetic or electrostatic coupling in thdio frequency (RF) portion of
the electromagnetic spectrum to uniquely identify @bject, animal, or person.
RFID is coming into increasing use in industry asafiernative to the bar code. The
advantage of RFID is that it does not require direontact or line-of-sight
scanning. An RFID system consists of three compisnam antenna and transceiver
(often combined into one reader) and a transpofidertag). The antenna uses radio



frequency waves to transmit a signal that activitegransponder. When activated,
the tag transmits data back to the antenna. Tha datused to notify a
programmable logic controller that an action shoatdur. The action could be as
simple as raising an access gate or as complieastenterfacing with a database to
carry out a monetary transaction. RFID is sometiwmted dedicated short range
communication (DSRC).

DSRC (Dedicated Short Range Communications) iscat b medium range
communications service that supports both Publiet$$aand Private operations in
roadside to vehicle and vehicle to vehicle commatn environments. DSRC is
meant to be a complement to cellular communicatlmngroviding very high data
transfer rates in circumstances where minimizirigney in the communication link
and isolating relatively small communication zoaes important.

Positioning technologies have also evolved andNfSS receivers can provide
location to the users where the signals are avaijlaither technologies are under
development to provide indoor and outdoor coverdgat is the advent of the LBS
(Location Based Services)

A location-based service (LBS) is an informatiord aantertainment service,
accessible with mobile devices through the mobatisvork and utilizing the ability to
make use of the geographical position of the makeldce. LBS services can be used
in a variety of contexts, such as health, workspeal life, etc. LBS services include
services to identify a location of a person or objsuch as discovering the nearest
banking cash machine or the whereabouts of a frmndmployee. LBS services
include parcel tracking and vehicle tracking se¥sicLBS can include mobile
commerce when taking the form of coupons or adsiagi directed at customers
based on their current location. They include pesBped weather services and even
location-based games. They are an example of m@@cmication convergence.

And the last but not least information step is tottee large emergence of social
networks.

A social network service focuses on building arfteoting of social networks or
social relations among people, e.g., who shargdste and/or activities. A social
network service essentially consists of a represemt of each user (often a profile),
his/her social links, and a variety of additionahgces. Most social network services
are web based and provide means for users to ehtevar the internet, such as e-
mail and instant messaging. Although online commyuservices are sometimes
considered as a social network service in a broadase, social network service
usually means an individual-centred service wheosdisle community services are
group-centred. Social networking sites allow ustrare ideas, activities, events, and
interests within their individual networks.

There have been some attempts to standardizegtbesees to avoid the need to
duplicate entries of friends and interests (sed-thDAF standard and the Open Source
Initiative), but this has led to some concerns alpowacy.

Although some of the largest social networks werenfled on the notion of
digitizing real world connections, many other netkgoas seen in the List of social
networking websites focus on categories from b@wkbEmusic to non-profit business to



motherhood as ways to provide both services ananomty to individuals with shared
interests.

So technology convergence asks for a change ofdiganain the way the
geospatial infrastructure will be not only distribd but also organize.

The authors at that stage suggest that the geadpdijects be “animated” in a
way that any of those objects would be able toamy carry their own “story”
(attributes) but can also be capable of answerirgjicgations. The so-called
“Animated Geospatial Objects” will be loaded frometdata capture specialists such
as surveyors (a new role for them) and from theterg GIS database.

In our vision, anyone would be able to ask his emrment about itself and
create in mobile device such as we have today (engtiione with positioning
services and RFID reader) the representation neddedhavigate and better
communicate through his social network.

That is obviously a change of paradigm! All the gigatial industry would be hit
by that concept as well as all the telecommunioabiperators.

This is from the author’s opinion an amazing visitiat needs to be further
developed knowing that if actually the 3D GIS fdi® migrate from the initial 2D
GIS it's essentially because the formal meta-modkalge not been reviewed. We
shouldn’t make the same mistake and the authorevieelthat this change of
paradigm will represent an opportunity to re-alignost of our geospatial
technologies.

The “Animated Geospatial Objects” will bring a newgion of our world but
also a better understanding of our environment @mndneighbourhoods. Last not
least that concept will be the vehicle for buildmyetter world. That is our wish.
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VIRTUALGOCA — GOOGLE EARTH — MHCTPYMEHTAJIbHOE CPEACTBO
ANA MHTEPAKTUBHOIO NMPOEKTUPOBAHNA BUPTYATIbHbBIX
CEHCOPHbIX CETEN, O6OCHOBAHMA MOLENN 1 MPOrPAMMHOIO
OBECIEYEHNA, NMNAHNPOBAHUA N AHATTM3A CLUEHAPUEB
FTEOMOHUTOPUHIA

[Mporpamma VirtualGOCA npennazHaueHa aiisi Ha4yaJbHOTO STama mporiecca
T€OMOHHTOPUHTA, COCTOSIIETO U3 COOpa JaHHBIX (CETh T€0E3NYECKUX JaTYUKOB M
OOMEH JaHHBIMH), MOJEIHPOBaHUS (CTAaTHCTUYECKHE BBIYHCICHUS, TPOTHO3,
oOHapyXeHHE HM3MEHEHUH B MpoIeccax), OTYCTHOCTH (MPOTOKOJIBI, BHPTYaIbHOE
MOJICTUPOBAHUE JaTYMKOB, WeDBu3yanusanus) W pearupoBaHus (CHCTEMBI
onosetnienns). [Togaep:xuBaemas Google-Earth®, VirtualGOCAenepupyer naHHbIC
(curHanmel) BHPTyaJIbHOrO ceHcopa. Takum o6paszoMm, VirtualGOCA mno3Bosser
3¢ PEKTUBHO ¥ C MEHBIITUMU 3aTpaTaMu KOHTPOIHPOBATh MOHUTOPHHT TakuM 10 kak
GOCA (www.goca.info )ymn MONIKA (www.monika.ag).

Jliss  TeHepaly  HEMPOTUBOPEUYMBBHIX BHUPTYaJbHBIX JaHHBIX CEHCOpa B
reOMETPUYECKOM U IpaBUMETPUUECKOM MIPOCTPAHCTBE OIHCHIBAIOTCS
MareMaTH4eCcKue MOAENH i TaxeoMmeTpa (TOPH30HTAIBHOE TMPOJIOKEHUE, YTOJ
HAKJIOHA W 3€HHTHOE PACCTOSHUE), Ui TE€OMETPHUYECKOTO WM THIPOCTATUYECKOTO
HuBenmpoBanust  (Beicota) u ansi  GNSS ammaparyper  (0azoBble  JTHHHM).
Ycranopnennple B VirtualGOCA  BupTyanbHble MAacCHUBBI T€OMOHHTOPHHIA,
BU3yaJIM3allksl CUTyalldd Ha MECTHOCTHM U pe3yJabTaToB aHanmmuza jaedopMaiiu
BHeapensl B cpeny GoogleEarthIlpumenenune VirtualGOCA moka3zano Ha mpumepe
T€OMOHUTOPUHTA TpEeX IUIOTHUH, PACIOJOKEHHBIX B OOJACTH TOPHOTO MacCHBa
Gotthards IllBeitapun. BupryanbHas oOpaOoTka JaHHBIX W aHaANMM3 Jaedopmanuu
(MonenupoBaHKe) ¥ pearupoBaHue (CUrHaIbl TPEBOTH) BhimoyiHeHbI B [10 1o aHanmu3y
nedopmannii, ocHopanHoM Ha cetu gatunkoB GOCAwu npyrux GOCA-Moynei.

bnaromapst otkpeitomy ¢opmary ¢aiinos GKA, VirtualGOCA moxer
UCTIONB30BAThCA IS JFOOOW METOAMKHM TEOMOHUTOPHHTA W C JIIOOBIM JpyTUM
nporpaMMmHbBIM oOecriedeHueM. biaromaps VirtualGOCA, moxHO mpoBepsTh H
ONTHMHU3HUPOBATh BECh IIpollecCc TeoMOHUTOpHHra. Kpome TOro mMoxker OBITH
IIPOBEPEHA MPaBUIBHOCTh JIEMO-BEPCUHM  CIPOEKTUPOBAHHBIX IOJIb30BATEIEM
CIICHApUEB T€OMOHUTOPUHTA U TEXHOJIOTUYECKUX 1IETIOUEK.

Reiner Jager, Manuel Oswald, Peter Spohn
University of Applied Sciences Karlsruhe (HSKA), i@any

VIRTUALGOCA - A GOOGLE EARTH BASED TOOL FOR THE
INTERACTIVE DESIGN OF VIRTUAL SENSOR NETWORKS, FOR MODEL


http://www.goca.info/
http://www.monika.ag/

AND SOFTWARE VALIDATION, AND FOR THE PLANNING AND ANALYSIS
OF GEOMONITORING SCENARIOS

The software VirtualGOCA is placed at the startaofyjeomonitoring chain,
which is composed of the components data acquis{ieosensor-network and data
communication), modelling (computation of stateiafalles, prediction, detection of
process changes), reporting (protocols, virtuabsemodelling, web-/visualization)
and reaction (alerting measures). Supported by @dsgrth®, VirtualGOCA
generates virtual sensor data. In that way Virt@xA enables an efficient and
essentially cost-reduced development of monitorisgftware like GOCA
(www.goca.info ) or MONIKA (www.monika.ag).

The mathematical models to generate consistenialitensor data for total
stations (directions, zenith-angles, distances),ldgelling or hydrostatic levelling
(height differences) and for GNSS instrumentatizaisgline vectors) in geometry and
gravity space are described. The set up of virtgabmonitoring arrays in
Virtual GOCA and the visualization tool GOCAEarth tfe array situation and
deformation analysis results (reporting) are embdddnto the GoogleEarth
environment. A VirtualGOCA example is given by tlset up of the virtual
geomonitoring array for three existing dams sitdatethe present tunnelling area of
the Gotthard massif in Switzerland. The virtual ssendata processing and the
deformation analysis (modelling) and reaction falag) are done by the network-
adjustment based GOCA deformation analysis softaadefurther GOCA-modules.

Due to the open sensor data interface GKA, Virt@ @A can be used for any
geomonitoring concept and with any other softwdased on VirtualGOCA the
complete geomonitoring chain can be tested oubatichized. Further the “proof-of-
concept” of projected geomonitoring scenarios canplbovided, as well was the
validation of geomonitoring software and of a cotneork of the process flow.

O nporpamme

C moHATHEM TEOMOHUTOPHHT CBS3aHBI PA3HOOOPA3HbBIE 33aauu U3yUEHHUsT 3eMIIH,
NpeayNpEeXIeHUsT KaTacTpo(d M paHHETro OMOBEHICHHUS O YPE3BbIUYAWHBIX CHUTYAIUIX.
Ha kaxaom 3Tarme MOHHTOPHUHTA COBMECTHO HCHOJB3YIOTCS METOIBI Pa3IAIHBIX
JAMCUMUIUIMH, KaK HampuMmep, Ha Jrame cOopa JaHHBIX (CO3MaHHE W IKCILTyaTallusl
CEHCOPHBIX CETel, 0OMEH JaHHBIMH), MOACTUPOBaHUs (pEeAYIIMPOBAHNE, BEIUMCICHHE
U CTAaTUCTHYECKas OIlCHKa reopeepeHIIMPOBAHHBIX BEJIMYMH COCTOSIHHS OOBEKTa,
MPOTHO3MPOBAHKME,  BBIABICHHE  OTKJIOHCHHWH B TEKyIIMX  IpoIeccax),
JOKYMEHTHPOBaHUS (IPOTOKOJIMPOBAHKE, BH3YyaIH3allUsl BHUPTYaJIbHBIX CEHCOPHBIX
MoJIeNieii) U pearupoBaHus (COCTaBICHHE TTAHA OTIOBEIICHHUS).

[Tporpammubsie  maketel  VirtualGOCA wu GOCAEarth  gusyanmusarus
napametrpoB nedopmanuii B GoogleEarth), paspaborannbie B paMkax HaydHO-
uccienoparenbekoro npoekra GOCA, mpenHa3Ha4eHbl COOTBETCTBEHHO JIJISl IEPBOTO
Y TPETHETO 3TAIOB MPOIeCCa MOHUTOPUHTA, OTIMCAHHOTO BHIIIIE.

Virtual GOCA renepupyer B pekume Online <«cwippie» JaHHBIE CEHCOPOB C
yU4EeTOM B3aWMOCBS3M TEOMETPHHM MPOCTPAHCTBA W TPABUTAIMOHHOTO TIOJNISA, H


http://www.goca.info/
http://www.monika.ag/

npenocTaBisier ux B OTKpbIToM (opmare GKA (www.goca.info) co mrammom
BpeMeHH. C MOMOIIBIO0 3TUX JTaHHBIX, MAKCUMAJIbHO TPUOIMKEHHBIX K pPealbHOCTH,
MOYKHO BBITIONHSTH - C TIPOU3BOIBHBIM KOH(UTYPHUPOBAHNEM BHPTYaIhbHOTO MAacCHBa
nyHKTOB reomonutopunra B GoogleEarth - sxonomuuecku 3ddexTrBHYIO
pa3paboTKy © CcepTUPUKAMUI0O MaTEeMaTUYeCKUX MOJelield ypaBHHBAHHUS W
nedopmarmonnoro ananusa. baaromaps VirtualGOCA, nepedriciieHHbIC BBIIIE 3TAITbI
MOHUTOpPHHTa  (MOJACIMPOBAHUE, JOKYMCHTHPOBAaHHE, pPEarMpoBaHUE) MOTYT
TECTHUPOBATHCS W ONTUMHU3UPOBAThCA corracoBano. B Oynymem VirtualGOCA
MO3BOJIMT BBIMOJMHITE «OOOCHOBaHWE KOHIENIIMA MOHHTOPUHTa», a TaKxkKe
CPaBHUTEILHYIO DSKCIEPTH3Y KaueCTBa, KaK IMPOTPAMMHOIO OOECIECUYeHUs, TaK H
METOWKY BBIITOJIHEHUS TEOMOHUTOPUHTA.

[Tony4yenne nanubix oT ceHcopos B VirtualGOCA

a) Topu3oHTanbHOE TPOJOKEHUE, YIOJl HAKIOHA W 3EHUTHOE pPACCTOSHHE
SBIISIIOTCS.  CKASIPHBIMUA ~ (DYHKIIMSIMH ~ BEKTOpa  HAONIONCHWA, MapajuieIbHOTO
TOPU30HTAIILHON OCcH IpuOOopa U Tpu3Msl (cMm.puc 1).

Jns yno6cTBa BeKTOp M3MepeHui |jj BeIpaxkeH B cHCTeMe KOOPAMHAT CTaHIHUH.
Martpuusl Bpamenus D; u Dj cogepxar ymibl MOBOPOTa FeOLEHTPUYECKON CHCTEMBI
KOOpJIWHAT OTHOCHTENHHO JIOKATBHBIX CHCTEM CTAHIIMA M OTpaXkaress, a TaKke
napaMeTpbl OTBeCHOM JIMHUK @ 1 A (CM. cIipaBa CBepXy).

Crnenyromiee BBIpaKEHUE JIEWCTBUTEIILHO IMPU  IEpPEXoJe OT  EOUHOU
reopedepennHoit cucrembl koopamHat P(X,y,z) k nokampHOU (LAV) cucreme
KoopauHar ctaniuu P(u,v,w):

ol

—_— - mm

X

Puc. 1.Bekrop HabmrOneHus, CHCTEMbI KOOPAMHAT CTAHIIMU U OTPaXKaTelsl, a TaKxKe
reOLICHTPUYECKAs KapTEe3UaHCKasi CUCTEMA KOOPIUHAT



Au AX) (0 0 )
- Av | = Di Ay ~lo +Dij 0 BBIYHCJICHUC BCKTOPA H36HIOI[CHI/II/I

B CUCTEME KOOPAUHAT CTAHLUU
Aw Az [ t

Torz:a CKaJIIpPHBIC H3MCPACMLBIC BCIWYMHBLBI Ha CTaHIUU P OIIPCACIIAIOTCA
IMPOCTBIM CIT0OCOOOM Kak

sj +VS = JAu? + Av2 + Aw2 TOPU30HTAIIbHOE
| POJIOKEHUE
r Av YIoJ HaKJIOHA
rj +Vv. =arctap— (-0
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0: HEW3BECTHBI yroi opueHTHpoBaHus, Rpammyc 3emmu, Kxoaddurment
pedpaxiuu.

b) bazoBeie mmauu THCC reHepupyloTCs Kak pa3HOCTH KOOpPAWHAT B
TEOLICHTPUYECKON  KapTe3WaHCKOW  cucTteMe  KoopauHatr.  [IpeoOpas3oBanme
reorpaduueckux  koopmuHar P(B,L,h=H+N) B P(X,y,Z) conpoBoxmaercs
YBEIMYCHUEM KOJMYECTBA OIIMOOK, TOATOMY MOJCIHPYIOTCS pa3HbIe 3HAUYCHHUS
TOYHOCTH B IIJIAHE U 110 BBICOTE:!

of

CXYZ =F O'E ﬂ:T
2
Oh

-(M+h)sinBlcosL —(N+h)[¢cosBIs$inL cosBLtosL
F=| -(M+h)$inB$inL —(N+h)lcosBlcosL cosBIs$inL
(M +h) [cosB 0 sinB

c) [peBbimenuss  abcomotHbIXx  BeicoT AH  (reomerpuyeckoe U
THIPOCTATUYECKOE HUBEIMPOBAHUE) MOTYT HEMOCPEACTBEHHO (OPMUPOBATHCS
MeX Iy reopedepeHnnpoBaHHbIME MyHKTamMu MoruTopuara P(B,L,h=H+N).

Moens TOBEpXHOCTH OTHOCUMOCTH (KBa3UTCOW/I)

GoogleEarthipenocrasnsier Tonpko reorpadguueckue mIaHOBbIE KOOPIUHATHI B
u L. [Ins npocTpaHCTBEHHOHN MPUBS3KH HAOMIONEHUN Ha MyHKTaX T€OMOHHUTOPWHTA
WIM MEXJy HHUMH, Takke HeoOXoAMMbl abCONIOTHbIE BBICOTHI H W mpeBblleHHe
kBazureousa Haja pedepenu-uumunconsom N. H momayyaror MeTooM UHTEPIIONSIIMU
u3 1udpoBoit Moxenu 3emHoi noepxHoctu (ETOPOL).Bricora kBasureonmma N
BbIUKCIIIETCS IO TeopeMme bpyHca u Teopeme MomnoaeHckoro u3 reonorennuana W u
rpaBuTtaionHoro nojst U pedepeni-amunconna GRS80:

N = W-U)p _Tp Teopema bpyHca u BeicoTa kBazureonga N
Yo Yo 110 MosoeHCKoMy



B kauectBe W Moryt wmcronb3oBathesi mopenu EIGENO4AC €(m.puc. 2) wim
EGM 2008./lns mapamMeTpoB OTBECHOW JUHUU ¢ U A JIEHCTBUTEIBHBI - MCXOMIS M3
MPOCTPAHCTBCHHOW MpPUBSA3KU IyHKTa P B mio6anpHBIX KoopmuHarax P(B,L,h) -
CIIEYIOIINE YpaBHEHUS! HEOOXOIMMBIX TMOIMPABOK B YIVIbl HAKJIOHA W/WIHM 3€HUTHBIC
paccTosiHUS 3a YKJIOHEHUE OTBECa, B 3aBUCUMOCTHU OT MOJICIH YPABHUBAHHUS:

§=¢-B VKIIOHEHHE OTBECA C CEBEPA Ha 0T

n=(A-L)cosB VYKJIoHEeHHE OTBeca C BOCTOKA Ha 3aIrrajl

AHANIUTUYECKOE  OIpEeNeieHue MapaMeTpoB  YKJIOHeHHs oTBeca  (¢,A),
HeoOXomuMBIX st reHepauuu | PSsaabmonenuii, B VirtualGOCA mpoucxomur ¢
nomoibeto reonoreHimansHoi Mogenn EIGENO04Cumm EGM200¢ kak:

-W, Wy
A = arctan —= | mapameTpbl YKJIOHEHHs OTBECA

2 2 [ W
YW + Wy X
Crnenyrommii pucyHOK NOKa3bIBaeT MpeBbilieHUs kBasureonaa N Han pedepeHi-

DITUTICOMIOM,  BBIYMCIICHHBIE II0 TeopeMe bpyHca ¢ HCHOJIB30BaHHEM
reornorennraiibHor moaenu EIGEN04Cor GFZ.

¢ =arcta

Puc. 2.T'paduyeckoe npeacrasienne mpepbiiieHus kasureonaa N [m] cormacuo
moznenu EIGEN04Cor GFZ

VirtualGOCA

ChIpble TaHHBIE OT BUPTYQJIBHBIX T'€OJE3UYECKUX CEHCOPOB (OPMUPYIOTCS Ha
ocHoBe reonoreHuaabHoi Moaen EIGENO4Cor GFZunu EGM 2008u tnudposoit
monenu mnoepxHocTH ETOPOlor NGDC wu mpenocTaBisiOTCs MOJIb30BaTENIO B
Buae (aitnoB popmara GKA. D10 6a30Bble TUHUH, TOPU3OHTAIBHBIE MPOJIOKEHUS,
YIJIBl HAKJIOHA, 36HUTHBIE PACCTOSIHUS U MIPEBBIMICHUS] BMECTE C COOTBETCTBYIOIINMHU
CTOXaCTHYECKUMU MOJICTISIMU.

[Tonoxxenue cercopoB 3amaercs B Google EarthipubnmkeHHO K pealbHOMY |
gepes Kml-uatepdeiic mepemaercs B VirtualGOCA r1me ocymiecTBisiercs
KOH(HUTyparusi CeTH TEeOMOHUTOPHHTA. J[OMOJHUTENBHO TIOJIH30BATEIh MOXKET
3a/aBaTh BEIMYMHY TOYHOCTH JUIS OTHEIBHBIX THIIOB CEHCOpOB. llpu oreHke
HAJIOKHOCTH  KaKOW-JIMOO KOHIENIIMM TEeOMOHHUTOPHUHTAa WM IPOrpPaMMHOTO
oOecredeHus i1 ypaBHUBAHUN CETH M aHaIu3a AeopMaliyii, MoJb30BaTelIeM MOXKET



3a7aBaThCs reHepalus rpyobix ommuook (, KomruecTBo rpyObIX OMIMOOK H3MEPEHHIA B
yac*). Hapsay ¢ pekumaMu HaOJMIOICHHN peanbHOE BpeMs W HMHTEPBAI BPEMEHH
VirtualGOCA mnpemiaraet BbIOOp aepOpPMAIIMOHHOW MOJEIH, KOTOpask MOMKET
CUMYJIUPOBATHCS — HAIIPUMEP, OMOJI3EHb.

He3aBucuMo OT WHIMBHUIYaTbHBIX KOHIEMIIMHN, MOJENEH W MPOrpamm, T.€. C
HertpaneueiM uHTEpdeiicom Virtual GOCA cinyxuT a1 0OydeHHs BBIIOIHEHHIO
BCEX ATAllOB T€OMOHHMTOpPUHTA. B peknme HEHTpalbHOTO MPEIOCTaBICHUS TaHHBIX
CEHCOpOB |jj Ha IyHKTax TI€OMOHHMTOPHHIA IIPOHM3BOJBHOTO Y4acTKa MECTHOCTH,
VirtualGOCA MoXeT MPUMEHSTHCS IS HE3aBUCHMBIX MTPOU3BOICTBCHHBIX PacyeTOB,
a TaKXe JIJIS OIICHOYHBIX TECTOB M B paMKaX CePTH(HKAIIMH CHCTEM T€OMOHUTOPHHTA
(cMm. puc. 3, 4).
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Puc.3. Cetb ceHCOpOB, pacmoiiokeHHbIX Ha TopHOM MaccuBe Gottharc (ciesa).
CxeMbl pacCTaHOBKH TPU3M Ha IJIOTHHAX (CrIpaBa)
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Puc. 4. Bpemennslie psijibl HaOM0AeHUN B reoMoHUTOpUHIOBOM cucteMe GOCA

GOCAEarth

Pesynwrarel ananu3za aedopmariuii, BeinoaaeHHoro B GOCA (Oran 2:fin-daiisl,
Oran 3: mve-u Sht<aiiner) gomkHb BU3yanusuposarscs B GoogleEarthkak Bekropsl
cmemeHnid (B miuaHe W mo BbicoTe). [lodaToMy, Ans MPaBUMIIBHOTO OTOOpPaXKECHHUS
nonoxenusi, B GOCABcTpoeHa GpyHkuus TpaHcPopMaluy BCeX AaHHBIX B POpMaThI
GoogleEarthu ee coOCcTBeHHYIO KOOPIUHATHYIO CHUCTEMY. DTHM OO€CIeuynBacTCS
KOPPEKTHOE OTOOpaXKeHHE Nake JIOKaIbHBIX ceTed. HeoOxomuMmbie KOHTPOJILHBIC
nyHktel niepenatorcs B GOCAEarths gopmare kml. Tlox Tpanchopmanmeii 3aech
UMEETCSl BBUAY JIByMEpHOE MpeoO0pa3oBaHHWE COOTBETCTBYIOIIMX KoopAwHAT. [l
Ka)XKJIOTO THIIA IAHHBIX, & TAKXKe JIJIsl TIO3UIIUN CEHCOpa CO3aeTcsi cOOCTBEHHBINH Km-
(daityl, KOTOpHIM 3aTeM TMepenaeTrcss IO TaK Ha3blBAEMOM CETEBOM CCHUIKE B
GoogleEarth.9Tta ccpuika Taxke oOecneunBaeT OOHOBJICHHE OTOOpaskeHust Kml-
darinos, Tak uyro GOCAEarth Ttompko  MepHOAMYECKH  IEPEIUCHIBACT
cooTBeTCTBYIOIIMI (paitn. I[lomp3oBaTenb MOXKET KOHTPOJMPOBATH TMPABUIBLHOCTH
MIEPEHECEHMsI OTACTBHBIX THUIIOB IaHHBIX B CBOMCTBaX IMMyHKTOB OOBEKTa B TAOJIMUHOM
dopme (cMm. puc. 5).
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Puc. 5. Untepdetic noan3osareass GOCAEarth ¢nesa). Busyanusamus gedopmarimii
(B cepenune). Tabauia cocTosHus Aehopmarivii (Crpasa)

© Pauinep Aeep, Manysno Ocsanvo, [Hlumep Cnon, 201(
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REALIZATION OF GLONASS (GLOBAL NAVIGATION SATELLITE SYSTEM)
GROUND INFRASTRUCTURE PROJECT ON THE TERRITORY OF
NOVOSIBIRSK REGION

Crparerus pa3sutusi nHpopmarmonHoro oomectBa B Poccuiickoit deneparimy,
yrBepxkaeHHas [Ipesunentom PO ot 07.02.08Ne [1P-212, onpenensieT COBpeMEHHBIE
HOAXOAbl K MPEAOCTABICHUIO TOCYJAapCTBEHHBIX YCIYI Ha OCHOBE MCIIOJIb30BAHHUS
MHPOPMALIMOHHBIX M TEJIEKOMMYHUKALIMOHHBIX TEXHOJOTMH Juid oOecredyeHus
IIUPOKOTO JOCTyHna K HHMM HACEJEHHs, MOBBIIIEHHE YPOBHS HH(POPMALMOHHOU
OTKPBITOCTH MCIIOJIHUTENbHBIX OPraHOB TIOCYAApCTBEHHOM BIAacTH U IOBBILIEHHE
3 PEKTUBHOCTH yNpaBICHUs TEPPUTOPUsIMU. B MupoBoM coob1iecTtBe popMupyercs
mobanbHas MH(QOPMALMOHHO-KOMMYHUKAIIMOHHAs CcHUCTEMa. AHajIu3 MHUPOBOTO
ombITa ToKa3piBaeT, yto /0 % ympaBleHUECKMX pEIIEHUH OCHOBBIBAIOTCA Ha
MPOCTPAaHCTBEHHO-BPEMEHHON HMH(OpMalMM, KOTOopass TMO3BOISET (POPMHUPOBATH
COBPEMEHHYIO MOJI€JIb TeONMPOCTPAHCTBA TEPPUTOPUU B BHUAE IU(POBON 3emiH,
ropoaa, rocyaapctsa u T. 1. Poccust oOnagaeT 60mb10i TEppUTOpUEH U HACUUTHIBACT
B cBoeM cocTaBe 88 cyobekToB Denepaliiu, 3TH 0OCTOSATENbCTBA 3aTPYAHSIIOT pabOThI
[0 CO3JaHUIO0 €IUHOTO 3JEKTPOHHOTO TeONPOCTPAHCTBA HA BCIO €r0 TEPPHUTOPHIO.
IIpaButenscTBOo PO nenernpoBasio 3HAYMTEIBHYIO YacTh MOJHOMOYNN 10 CO3aHHIO
€IMHOM LM(POBOKW OCHOBBI IJIsi YCTOWYMBOIO DPa3BUTUSl TEPPUTOPUN CyOBEKTaM
Poccuiickori  @enepanuu, W 3TO0 MNpaBWwiIbHOE peuieHue. Ha  teppuropuun
HoBocuOupckoii obnactu B paMmkKax MporpamMmbl pa3BUTHUS TEPPUTOPUAIBLHOU
MH(POPMAIIMOHHON CHCTEMBI, YTBEP)KIECHHON TI'yOepHaTopoM, BBINOJIHSAETCS LIEJbINA



KOMIJIEKC paboT MO CO3JaHUI0 eIMHOro reonpocrpaHcTBa HoBocubupckoit obnacty,
KaK OCHOBBI 3()(PEKTUBHOTO yNpPaBICHUS PAaHOHHBIMH LIEHTPAMU U MYHUIUIATIbHBIMU
oOpazoBanusamu. [Ipexie Bcero, B COOTBETCTBUHM C MocTaHoBiIeHueM [IpaBurtenbcTBa
P® or 3 mapra 2007 roma Ne 139 <«O6 yrBepxkaenuu [IpaBun ycraHOBICHUS
MECTHBIX CHCTEM KOOPJIMHAT», B COOTBETCTBHM C 3akOHOM «(O Teofe3uu Hu
kaprorpadguu» Ha 6aze ['OY BIIO «Cubupckas rocygapCTBEHHas Teoje3udecKast
akageMus» Obula co3faHa pabodas rpynna npu ywyactuu npeactaBureneit [10
«Mmxreone3us», «PocHenBmwkuMmoctn B HoBocubupckoit obmactu» u 3amagHo-
Cubupckoro YT'K, xotopas pazpadoTana mojgokeHue 0 MECTHON CUCTEME KOOPUHAT,
ycTaHaBnuBaeMoil B oTHomeHnHn HoBocubupckoit o6nactu. JlaHHBIT HpOEKT
BBITIOJHSJICSA B paMKax rpaHTa JenapTaMeHTa HayKu W MHHOBALMM aJMUHHCTpaIlUU
HoBocubupckoit ob6mact myist 0OECIeYeHHs] BBICOKOH TOYHOCTH OTPEACIICHUS
MPOCTPAHCTBEHHOTO TIOJIOKEHUS OOBEKTOB HEIBIKMMOCTA M TPAHWI] 3€MEIbHBIX
y4acTKoOB, (OPMHpPOBAHUS OCHOBBI  JUJIi  CO3JAHMS  €IMHOM  DIIEKTPOHHOM
KapTorpaguueckol  MPOAYKIMH  PETMOHAJBLHOTO  3HAYEHUs, ONEPaTUBHOCTH
npoBefeHus Ha TeppuTopun  HoBocuOupckodr 005acTH  Treofe3uyvecKux M
tonorpaduyeckux paboT, a Takxke a1 QopMHUpOBaHHMS U OOecHedYeHUs
UCIOJIb30BAHMST HA3eMHOM HHQPPACTPYKTypbl OOJACTHOTO CErMeHTa IJ00ajJIbHOM
HazemHoi uHbppacTpykTypsl [JIOHACC B mHTEpecax COIMaibHO-PKOHOMHYECKOTO
pa3Butusi HoBocuOupckoit obnactu. Ilomoxenne o MECTHOM cCHCTEME KOOpPJMHAT,
yCTaHAaBIMBaeMOW B  oTHomieHWH HoBocubOupckoit  oOmactu,  yTBEPKIEHO
[TocranoBnenuem rybepnaropa ot 25 nexabpst 2009 roga Ne 4711ra. [lanHbIi
JOKYMEHT HMMEET TOCyIapCTBEHHOE 3HAUCHHWE M SIBISIETCSI OCHOBOM JJisl €IMHCTBA
reoIe3N4ecKuX H3MEpPEeHUl M OTOOpakeHHs OOBEKTOB Ha enuHOM uudpoBoii
Kaprorpaguyeckoi  ocHoBe. BmepBble  ymaioch  MPEOAOTETb  OTPACIEBYIO
Pa300IIEHHOCTh U IPUUTH K EAMHOMY PEIICHUIO.

Jlpyrum Ba>kKHBIM TPOEKTOM, KOTOPbI BBIMONIHSAETCS B pamkax nporpammbel TUC
HCO, sBnsercs HazemHas wuHppacTpykrypa s obecriedeHus 3HPEKTHBHOTO
UCIIOJIb30BaHMS TII0OALHOM HaBuranmoHHou cryTtHHUkoBou cucteMbl [JIOHACC Ha
tepputopur HoBocuOupckoit obnactu. I'eHepaibHBIM MOAPSAYUKOM IO peanu3aluu
nanHoro mnpoekta sapisiercs ['OY BIIO «Culupckas rocygapcTBEHHasi reojie3ndeckast
akanemus»». Ha puc. 1 npuBezieHbl OCHOBHBIE 3JIEMEHTHl Ha3eMHOM HH(PACTPYKTYpHI
I'HCC.
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Onothle CTaHITHH

BLICOKOCKOpOCTHI:Ie
KaHallbl CBAZH

BrIMHCTHTeMLHEIH IeHTP

GSM, GPV N’repmﬂ

IlombzoRarenH pesxHMa Ilombzorareny pexHMa
RTK noct-o0paboTku

Puc. 1.CrpykTypa aKTUBHOI reo/1e3M4eCKOi CeTr

[IpoexktupyemMbiii  OOBEKT MpEACTaBiIsieT CcoOOM MporpaMMHO-aIapaTHbIN
KOMILJICKC, COCTOSIIIMHA M3 CeTH  aKTUBHBIX 0a30BbIx craniuii  (ABC),
BBIYMCIIUTEIILHOTO IIEHTPA CO CHEIUATU3UPOBAHHBIM MPOTPAMMHBIM 00€CIIEUCHHEM
(BI) wu smuawmit cBa3u, oObeaunstonmx ceth ABC, BIl u momb3oBareneit
uHppactpykrypsl. Ha tepputopun HCO 3ampoektupoBaHa ceTh, cocrosimas n3 19
aKTHBHBIX 0a30BbIX cTaHImi (puc. 2).

Puc. 2.Cxema cetu ABC Ha Tepputopun HoBocubupckoii obnactu



[MpencraBnenHas ceth oxBarbiBaeT aBroMaructpaaun M-51 (ot Bapabumcka 10
Hosocubupcka), M-52 (or HoBocubOupcka no YUepernaHoBO M rpaHHIBI 00JacTH C
Anraiickum kpaem) 1 M-53 (ot HoBocubupcka 10 bonotHoro, MoIikoBo U rpaHHUIlbI
¢ KemepoBckoii oOnacteio). Kpome Toro, oOecneuyuMBarOTCsS  CEepBHUCAMHU
MHQPACTPYKTYphl JKEJIE3HOAOPOKHBIE MarucTpaiv, BoaHble NMyTH peku OO0b u
HoBocubupckoro Bomoxpanwnmmma. Jlanaas cerp Ha 100 % oGecreunBaeT
Tepputoputo ropoaa HoBocubOupcka u mpuropoaHbie TEPPUTOPHUHU.

[Tynxtel ABC 3an0xeHbl B COOTBETCTBUU C TPEOOBAHUSIMHU Ha KPBIIIAX 3aHUMN
['VBJI. O6mmii Bua 0a30BOY CTAHIIMU MTOKA3aH HA PUC. 3.

B Hacrosmee Bpemsi 3aBepiieHbl paboThl Mo coszganuto B, ycranoieno
cepBepHOE OOOpPYIOBaHME U TPOBENEHO OMNTOBOJOKHO, OOBEAUHSIONIEE B
uHpopMarmonHoe mnose Bce 19 axkTuBHBIX 0a30BbIX craHuui u B, kotopsrii
pacnionoxxeH B CITA. Boimonusitorcss padotsl mo npussske nmyHktoB ABC k 12-15
nynkrtaM ['T'C, pacnosiokeHHbIX B MH(pOpPMAIMOHHOM Mosie kKaxjaoro nynkra ABC.
3areM mpeAcTosT padoThl MO YpPAaBHUBAHUIO CETH U pacuery MapaMeTpoB Teouja
HoBocubupckoit obmactu. O6paboTKka COBMECTHBIX CIIYTHHUKOBBIX MU3MEPEHHI OyIeT
BBIMOJIHATKLCS C TpuBiIedeHueM mpoaykToB MexayHnaponnoit [HCC ciayx0wr (IGS) u
MexaynaponHori  ciyxObl  Bpamienus  3emun  (IERS).  IlpuBneuenwue
JOTIOTHUTENbHBIX TMPOAYKTOB BBI3BAHO OOJBIIMMU PACCTOSHUSIMHU O MYHKTOB,
MMEIOIIMX KOOPAMHATHI B TEOLIEHTPUYECKON cucTteMe. B kauecTBe UCXOAHOTO MyHKTa
cetu Ha3HavyaeTcss ABC, 3aknaapiBaemas B T. HoBocuOupcke.
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Puc. 3.00muii Buz 6azoBoii cranimu (ABC)



Hazemnass wuH(ppacTtpykTypa, pa3memiaemas B HoBocuOupckoir obmactw,
OTBEYAET OCHOBHBIM TPEOOBAHMSIM:

1. 3ona oOciTyXuBaHHS JOJDKHA OXBaThlBaTh HaumOojee pa3BUTHIC B
HPKOHOMHYECKOM OTHOIIeHnH Tepputopun HCO.

2. TodHOCTH MO3UIIMOHUPOBAHUS. BHICOKOTOYHBIN Teofe3udecKkuil pexxnm 1-5
cMm, ['TUC pexxum — cyOMeTpoBasi TOYHOCTh, HABUTAIMOHHBIN PEXHUM [JIsI PEIICHUS
pa3IMYHBIX TPAHCIOPTHBIX 337ad — 1-3MeTpa, B TOM 4YMCie TOYHAS HABUTAIMS IS
CHELHAIbHOTO TPAHCIOPTA.

3. PexuMm GyHKIIMOHUPOBAaHMS JOJDKEH OOeCreunTh paboOTy MOJb30BaTescii B
7110001 MOMEHT BPEMEHH.

4. 1lemoCcTHOCT, CHCTEMBI JODKHAa  OOECIEeYMBATHCS  AyOIHUPYIOIIMMHU
AIIEMEHTAMU U CITy’)KOaMU OTIOBEIICHHS O COOSIX.

5. HanexHOCTh CUCTEMBI TOJDKHA UMETh BBICOKYIO CTETICHh aBTOMATU3AIMH H
BBICOKOE Ka9€CTBO COCTABIIAIOIINX JICMEHTOB.

OcHoBHBIMU c(epamu mpuMeHeHHs] HaBUTaMOHHOW HHGpacTpykTypbl ['HCC
HoBocubupckoii 0651acTu sIBASIOTCS:

1. Kagactp OOBEKTOB HEIBUKMMOCTH W MOHUTOPUHI 3€MeEjb, B TOM YHCIIE
OMpeJeeHe KOOPAMHAT TOBOPOTHBIX TOYEK TPaHUI]  aJMUHHCTPATUBHBIX
oOpa3oBaHUl, 3€MEIbHBIX YYaCTKOB, KOOPJAMHAT OOBEKTOB HEABUKUMOCTH,
KOOpAMHATHOE obecmeueHne a’po(OTOChEMKH U CO3[aHHME KPYITHOMACIITaOHBIX
KaJJaCTPOBBIX KapT, IUIAHOB U IPYTHE KaJaCTPHI.

2. Teome3uss u kaprorpadusi, B TOM YHCIE CO3[aHHE TeOMPOCTPAHCTBA
TEPPUTOPHI, KAaK EAMHON OCHOBBI OTOOPAKEHUS TPOIIECCOB U SIBJICHUM.

3. IlnanupoBanue TEPPUTOPHUH, reoIe3UIECKOe uH(GOPMAIIMOHHOE
o0ecredyeHne rpaJioCTPOUTENBHON NEATENbHOCTH, B TOM YHCIE ONpEeTIeHHUe WU
BBIHOC B HaTypy IpaHUI] MOCEJNEHUHM, KPACHBIX JUHHUMI, MPOEKTHO-U3BICKATEIHCKHE
paboThl, UCTIOTHUTENIbHBIE CHEMKH.

4. CTpouTenabCTBO IIPOMBIIIEHHBIX 00BEKTOB, a’pOINOpPTOB,
KEJIE3HOJOPOXKHBIX U aBTOMOOWIJIBHBIX MAarucTpaieil, MOCTOB U APYTUX COOPYKEHHM
Ha Joporax, Hed)Te- U ra30npoBOAaX, MOIBE3IHBIX MyTEH, TUHUHN AIEKTpoNepeay 1
CBSI3H.

5. Hcnonb3oBaHue NPUPOIHBIX PECYpCcoOB, B TOM YHCIE MPOEKTHO-
U3bICKaTeNbCKUe pPaldoThl, pa3paboTKa KapbepoB, KOOPAMHUPOBAHHWE CKBAXKUH H
IPYyTHX pecypcoao0bIBaIOIINX 00BEKTOB, VCIIOJIHUTEIIbHBIE CBEMKH,
IPUPOJOOXPAHHBIE MEPONPUSATHS.

6. KommyHanpHOE X034HCTBO — BBIHOC OOBEKTOB B HATYpy, UCIIOJHUTEIbHbIC
ChEMKH, KpyITHOMAcIITabHOe KapTorpadupoBaHne OOBEKTOB (KOJOIIEB, 3a/JBIKEK,
KOJUIEKTOPOB U T. [I.), OTBICKAHUE KOJIOJIEB M IPYTUX OOBEKTOB B TPYAHBIX YCIOBHSX,
HanpUMep, 3UMMOM TOJT CHETOM.

7. Cenbckoe  XO3SIUCTBO, B TOM  4YuclI€  TOYHas  HaBUTALUs
CEJIBCKOXO3SIICTBEHHBIX MAIIMH B IEPUOJ] IOCEBHOM /1JIs1 MOBBIILIEHUS YPOKAHHOCTH.

8. TeoguHamMuka ¥ MOHUTOPUHT T€OJOTMYECKOW cpenbl, Aedhopmaimii
MHKEHEPHBIX OOBEKTOB, BBICOTHBIX 3/IaHUW, MOCTOB, 0CO0O Ba)XKHBIX OOBEKTOB B
peXKUME peaIbHOTO BPEMEHHU B JII000€ BPEMS CYTOK.



9. TMo3unroHNpOBaHKE CIENHUATBHOTO TpaHcIopTa (¢ ommoOkol 1 M u MeHee),
MO3ULIMOHUPOBAHUE JOPOKHO-TPAHCIIOPTHBIX MPOUCIIECTBUH, JIOKOMOTHBOB H
BaroHOB Ha EJE3HOJOPOKHBIX y3J1aX C LENbI0 AUCIETYEPU3ALNN UX TIepEeMEIeHUH,
MOHUTOPHHT KEJIE3HOIOPOKHOTO MOJIOTHA 10 JAHHBIM PEMOHTHBIX TUIATQOPM.

10. KoopauaupoBanue BOeHHONH HHPPACTPYKTYpbl B MUPHOE BpeMsI.

11.O6cnyxuBaHue a’3poroOpTOB — TECTUPOBAHHE CHUCTEM TOYHOW TOCAIKU
CaMOoJIETOB, MOHUTOPUHT COCTOSIHHSI B3JI€THO-TIOCAI0YHBIX MOJIOC, KOOPAUHUPOBAHHE
00BEKTOB HH(PACTPYKTYPHI a3POTIOPTOB.

3aBepienue padot no npussske MyHKToB ABC k mynkram ['T'C, ee coBmMecTHOE
ypaBHuBaHue I1anupyercs Ha jetHud mepwox 2010 roma. I[locnme 3toro Oymer
MPOBEJICHA €€ CepTU(HUKAIMSI U OCYIIECTBIEH BBOJ B dKCIUTyaranuio. Ha Ham B3,
peanuzanys JAHHOTO MPOEKTa I[O3BOJIUT peliarh 3afaddl  e0Ae3UUYECKOro
MH(POPMAIIMOHHOTO o0ecneueHus: rpaxkaad u tepputopuii HoBocubupckoit obnactu
Ha COBPEMEHHOM MH(OPMALMOHHOM YpOBHE. B pykax agMUHHUCTpaluu MNOSBUTCA
COBPEMEHHBIN UHCTPYMEHT 3(pPEKTUBHOTO yIpaBJICHUS pa3IMYHbIMU
UHppacTpykTypamu u Tepputopusimu. Kpyr 3anad, pemaemsix ¢ nomombio ['HCC,
OydeT HEOTpaHUYEHHBIM: OT TOYHBIX TI'€0JE3MYECKHX H3MEPEHMH W HaBUTALUU
CHELMAJIBHOTO TPAHCIOpTa 10 TypHU3Ma, OXOThl, PHIOAJIKH M MHOIOIO JAPYroro — u
noTpedyeT ONpeAeNIEHHBIX PECYpCOB Ui IMPOBEACHUS IPOCBETUTENIBCKOM padOThI
CpeIy MIUPOKOTO Kpyra nosbs3oBareneii. HoBocubupckas o0nacte 0Ha U3 IEPBBIX B
Poccun penmaeT mar K CO3AaHUIO €IMHON U(POBON OCHOBBI T€ONMPOCTPAHCTBA IS
3¢ GEKTUBHOTO YIIPABICHUS TEPPUTOPUSMHU U LIMBUIIN30BAHHOTO (PYHKIIMOHUPOBAHHUS
oO1iecTsa.

© A.Il. Kapnuxk, I"'A. Canooscnukos, A.B. [lrobanos, 2010
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SUMMARY

The technical field of structural monitoring has deamajor progress in the
recent years. New developments were driven by thednto keep engineering
infrastructures in service beyond their expectiditne due to limited funds for their
replacement (typical case for bridges where thayddaffic loads are far above the
parameters that have been used to design thempeaaube the projects are so
exceptional and the designers have not yet gairpdrience on the long term (Burj
Dubai eg).

Actually the term “Structural Health Monitoring” imore and more often used
and refers to methods witch access the healthsstatd safety of a structure and
make estimation of its remaining lifetime.

However, structures can only be kept in serviadhefy do not put the safety of
the users at risk. Critical parts of a structureval as global behaviour have to be
monitored in continuous intervals with high prearsi

The aim of deformation analysis has shifted andatays experts are not even
looking if critical points of a structure have maovénd by the way due to thermal
loads every structure is moving ) but well is sqraéterns have significantly changed
to be alerted and lead more investigations ...

With highest resolution and highest recording rafte¢oday's instruments the
small deformations caused by the daily temperathamges, wind loading etc. can be
observed.

The paper will review the performances of new géod&nsors and analysis
methods regarding the context of a solution thatld@ddress the today interests of
the experts. Key successful projects will be usatlustrate that topic.
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FACING NEW CHALLENGES

Engineering companies and contractors are faciafjeciyes never experienced
before. They are being charged with — and beind hable for — the health of the
structures they create and maintain.

To surmount these challenges, engineers need #bleeto measure structural
movements to millimetre level accuracy. Accuratel @aimely information on the
status of a structure is highly valuable to engiseklt enables them to compare the
real-world behaviour of a structure against thegiteand theoretical models.

When empowered by such data, engineers can e#gctand cost efficiently
measure and maintain the health of vital infrastmec The ability to detect and react
to potential problems before they develop helpgha reduction of insurance costs
and the prevention of catastrophic failures thaty masults in injury, death or
significant financial loss.

A structural monitoring system will help reduce lbohe current and long term
maintenance cost associated with structural movearh will reduces risks, as data
analysis can be used to aid the understanding érduand future implications of
structural movements. Safety and structural intggroncerns can be minimized.
Contractors can reduce their risk exposure befdweing and after a construction
project by continuously monitoring the project aprogresses through its lifecycle.
Potential problems can be detected and rectifiéoréea critical situation develops.

DYNAMIC STRUCTURES IN A MOVING WORLD

Modern cable-supported bridges carry enormous l@atdsss great distances.
By design they are dynamic structures that movetduke loads imposed by traffic,
wind, heating and cooling, corrosion and other emmental conditions.

Each year landslides cause millions of dollarsarhdge and loss of revenue to
mines, residential and commercial properties, moags and railway lines.

Cities throughout the world are becoming denser l@iger than ever before.
The costs of base materials are rising, drivingrezggs to develop novel construction
techniques. They need timely information on anyadpes from design during the
critical stages of construction, such as concretteng, deep excavation and support
walls. This ensures the integrity of the constauctsite and the safety of people.
They have to provide ongoing verification and doeutation of the compliance to
construction and design tolerances.

Large earth fill and concrete dams are a critioflastructure for continuous
water supply and power generation. Loading andashig forces on a dam cause
stress on the structure and must be monitoredsifirass can be due to fluctuations in
the water level, settlement of the structure, neddmdslides or seismic activity.
Early detection of a potential problem allows repadr remedial measures to be
taken before a disaster occurs. Even if repaioigossible, with the early warning of
a problem action may be taken to mitigate its éffec

New and existing buildings can be affected by daigvements (solar effects,
heavy rainfalls), long period movements (settlethesmdd dynamic movements
(resonance, wind and loads). They may also be iouilbod or earthquake zones and



therefore at risk of being damaged by natural evddtany buildings are aging and
their construction materials deteriorating duanmetand weathering.

Nothing is static. Buildings and dams settle brglde ex and vibrate rock
masses shift, mud slides, glaciers flow and voleanerupt. Whether by human
activity such as mining or by natural processe$ ag erosion, the world in which
we live is continually changing.

Management of this change is essential for socidl @conomic advancement.
Failure of a bridge can isolate communities andrictcscommerce. A landslide can
cause financial and human loss, stop mining opmratiand even impact world
mineral prices. Economies and our daily lives aepethdent upon the health of
bridges, dams, tunnels, elevated road systems,,dames and high-rise buildings.
Engineers, geologists and other professional asted to prevent such disasters.

For the solutions to manage and monitor these tshes; they rely more and
more on geodetic monitoring solutions.

FROM AUTOMATIC SURVEYING TO PRECISE CONTINUOUS
MONITORING

Based on surveying sensors like GNSS receiversAaiaimatic Total Stations,
Geodetic Monitoring solutions are integrating ailsweless communication tools,
acquisition software’s, PC servers, accessoriesepsupply, solar panels, weather
station, warning sensors, web interfaces and asatgsbecome complex systems.
And if the engineers today are considering often ghrveying instrumentation just
like “sensors” to be plugged and connected to ¢lvemm real time analysis software’s,
they shouldn’t forget that the key for succeedmg¢ghieir monitoring projects is first to
consider instrumentation and equipments that cémedenigh accurate and reliable
measurements 24 hours a days and 365 days a yeaghhany communication
media under any weather conditions and remotelyrolbed.

Advanced Automatic Total Station Designed for Getd@lonitoring.

Since the beginning of the 19th century, Leica @st@ns has always provided
engineers with the latest, revolutionary and masueate technologies and solutions
achieving the highest accuracies possible.

More than 75 years ago, the precision 0.5"-theteldlild T3 was introduced. It
attracted great interest in the geodetic monitocognmunity due to its highly precise
measurements. In the 1970s, the time arrived wieéretronics and automation
evolved in survey engineering products. At the beigig of the 1980's, Leica
Geosystems released its first total station — tig20D0 — to combine highest
precision and highest quality measurements alonth \@utomation to survey
engineers. The TC2000 was equipped with the fiigh Iprecision electronic angle
measurement system developed by Leica Geosystemsinding to provide the best
equipment for survey engineers, Leica Geosystenisaged the total station
TCA2003 in the mid 1990s. The TCA2003 was the rgeeration of 0.5"-total
stations to fully integrate electro-optical distamoeasurements (EDM). In addition,
the measurement efficiency was significantly imgawoy the automation of the
measurement process due to automatic target reémgn{ATR). The latest



generation of highest precision total stations flomca Geosystems — the TM30 —
has reached the pinnacle.

The TM30 allows very quick, highly accurate andgmse measurements. It is
specifically designed for the highest measuremeatity of automated measurement
processes.

The newly developed direct drives using piezo tetdgy enable very quick
and efficient automated measurements. The rotasijpeed of the alidade and
telescope is up to 200 gons per second. The TMBtre than four times faster than
total stations with conventional drives. Its direlcives alone result in a significant
increase of automated measurements possible per®ioa of the key components is
the Automatic Target Recognition (ATR) on passifector up to a range of 3000 m
which means that operations that would never beersiened before the release of
the TM30 can now be realized as well as totally apylications.

The TM30 R1000 Electronic Distance Meter measucesdtural targets at
ranges of more than 1000m.

The TM30 potential is fully enhanced by Leica Gesteypns’ GeoMoS
Monitoring software.

GLONASS & GPS L1 single frequency up to GNSS mubkizonstellation
antennas and receivers.

The Leica GMX901 is a compact, robust and preadisgles frequency receiver
designed specifically for monitoring applicatioi®ensitive structures such as dams,
rock slopes, mine walls and buildings can be moedcaround the clock for the
smallest of movements. Leica GMX901 streams presisgle frequency code and
phase data up to 1 Hz, providing the basis forlitighcurate position determination
and deformation analysis.

Designed with a focus on the essential — low povegrsumption, high quality
measurement, simplicity, durability the Leica GMX9(@s an ideal sensor for
monitoring. It has a robust housing that is wateagt, cold and vibration resistant and
which can be easily mounted on the infrastructoreet monitored.

The Leica GMX902 GG is a high-performance GPS + GKASS receiver,
specially developed to monitor sensitive structsiesh as bridges, mines or high rise
buildings and crucial topographies such as landeslior volcanoes. It provides
precise dual frequency code and phase data up lttz 26nabling precise data capture
as the basis for highly accurate position calooteéind motion analysis.

As with the other receivers in the GMX900 familyetGMX902 GG has been
designed and built purely for monitoring applicaso The key characteristics of the
GMX900 family are low power consumption, high gtiaineasurement, simplicity,
durability.

The Leica GMX900 family connects seamlessly to tieéca GNSS Spider
advanced GNSS automatic processing software fordowie calculation and raw
data storage. The Leica GeoMoS monitoring softweasea be used to provide
integration with other sensors, analysis of movasand calculation of limit checks.
Third party analysis software can also be easilggrated via the standard NMEA
interface of Leica GNSS Spider.



The more precise dual axis inclinometer

The Leica Nivel210/Nivel220 precise inclination sen for simultaneous
measurement of inclination, direction of inclinatiand temperature is based on an
optoelectronic concept. That inclinometer fits wel large structure monitoring and
engineering constructions such as dams, bridgeshighdrise buildings where high
precision information about the inclination and theection of movements is needed.
Two-axis tilt measurements with a resolution of 0.Omm/m, highly accurate
measurements and long-range stability, real-timéa dan a continuous basis
connectable to the Leica GeoMoS monitoring software certainly the main
characteristics of that instrument.

All those geodetic instruments can be combinedamous systems where GNSS
antennas collocated with 360° reflector are actisg“Active Control Points” for
Automatic Total Stations networked. If multiple dbtstations are able to make
measurements to a common set of prisms, the measaote can be combined in a
mathematically optimal way known as network adjwstim By combining the
measurements in a network adjustment it is possiblacrease the precision of the
solution and determine a common reference framelfatotal stations even in the
case that some of total stations cannot obseriéestantrol points or are themselves
unstable.

It has been proved also that the combination cfrg precise inclinometer with
a GNSS receiver can consist of a stand-alone lasiatoring station for high rise
building monitoring and that the performances a tleica dual-axis inclinometer
can fairly compete in the frequency domain witraanelerometer.

Recently the benefit of GNSS Network RTK correcsido provide unbiased
positioning information from GPS and GNSS monitgrimeceivers has been
demonstrated for several monitoring projects in ¢gi&ong.

AUTOMATIC NETWORK ADJUSTMENT AND DEFORMATION
ANALYSIS

Continuous Geodetic Monitoring systems must alae hlae capacity to process
in timely manner the huge amount of data gathanea ¢entral computing centre to
deliver in simple ways (graphically and with cleaports) the reliable warnings and
alarms. Leica GeoMoS Adjustment provides an autmmatst squares network
adjustment, the single epoch automatic deformasinalysis based on a rigorous
statistical approach and can be used for desigaingnitoring project to match the
accuracy requirements.

The combination of measurements from multiple ggo@itomatic instruments
Is handled by a robust adjustment ensuring theesigprecision and reliability. The
detection of outliers is based on multi-level statal hypothesis tests as well as the
detection of unstable fixed points. It is esserfbalgeodetic monitoring applications
to have a complete system that can distinguish mew¢ of the structure from
problems in the reference frame and can identifyciwvineference points are stable
and which are not.

It is also of the prime importance for the engiseananaging monitoring
projects to have the tool to design the setup @fitistruments in such a way that the



ensemble will fit with the expected accuracy. LeiG@oMoS Adjustment can
simulate the mathematical geometry to optimizentsigvork accuracy and reliability.

CASES STUDIES
Several projects will be reviewed to illustrate thmte of art of Geodetic
Monitoring.

Permanent Monitoring during Urban Excavation.

During 2007 and 2008 a new residential house wastaeted in the middle of a
built-up area. The construction project requirezlgikcavation of soil sediment layers as
well as lowering of the surface groundwater. It \@asoncern that these actions might
endanger the surrounding infrastructure and cortgtrusite. Therefore, a permanent
monitoring system was required to ensure the safdétgurrounding buildings and
construction workers. Automatic monitoring, opergti24hrs a day was installed to
monitor the adjacent wall. Measurements were takere an hour and automatic alert
triggers were configured to alert engineers of eded thresholds. Based on the long
monitoring period immediate corrective measuresidcdae initiated to protect the
existing buildings and construction site beforeicgsesy damage occurred. The
effectiveness of the corrective measures was inatedgivisible due to the continuous
monitoring.

Burj Dubai — Rising High with GPS Network.

Burj Dubai is now the world’s tallest building, mBatwice the size of New
York's Empire State Building and higher than therent title holder, the Taipei
Financial Center (Taipei 101) in Taiwan. The fihaight has been kept secret during
the construction stage. Not a secret, on the dthad, was the unique monitoring
system the author developed together with Douglagebl, Chief Surveyor of Burj
Dubai. Reaching top of concrete for the Burj tovaeievel 156, at level 585.7 m,
Douglas Hayes was impressed: "We have used oul L®X1200, TPS1201 and
Nivel 220 systems all the way - the system hasgmde be fantastic. Vertical walls
are straight, lift shafts are too - standard dewnest of concrete core walls are
generally around 7mm. At the very top, | have coteguhe mean displacement of
all core walls: delta Easting = Omm, delta Northm§mm from design position. Of
course this quality has come about due to a lefffoft on all sides - not just survey.
But for our part | am very pleased with the wayhgs have gone! The system has
also allowed me to monitor the structure continlypasd remotely, from a dynamic
perspective as well as from a long term one, tteqamazing accuracy."

The Kowloon Southern Link Monitoring Project.

The Kowloon Southern Link project is a 3.8 km esien of KCRC's West Rail
Link from Nam Cheong Station connecting to EasiilSiha Tsui Station of KCRC's
East Rail Link. There is about 1.2km of the neweagion area located very closely
to the existing Airport Express Rail and MTRC Tu@lung Line. In order to ensure
the construction works do not have serious stratteffect and distributing daily
operation and safety of the Airport Express Raih, Automatic Deformation



Monitoring System is deployed mainly to continugusionitor settlement along the
affected rail track. The 1.2km track is divided ointhree different sections
(600m,210m and 400m) for continuously monitoringevehcover ballasted section,
trough section and tunnel section. A pair of minsms with tailor-made protection is
installed in every 13 m interval along the railckaTCA2003 Total Station that are
driven remotely via a data communication network_bica GeoMoS software at the
Control Centre measure the positional change df ¢éaget prism automatically in

every 2 hours interval. To get the best line ohsifpr measurement, those Total
Stations are installed at various locations inelgdiunnel wall, roof of rail station

and structure along the track.

Jiangyin Bridge, China — GPS RTK Bridge Monitoring.

The Jiangyin Yangtze River Highway Bridge is thestfisuper-large steel box-
girder suspension bridge that spans more than itoraddre in China. It is the longest
steel box girder suspension bridge in China, thetifiolongest in the whole World. It
services a superhighway which is the national kegkt route crossing the Yangtze
River. The Jiangyin Yangtze River Highway Bridgethe second suspension bridge
that was constructed over the Yangtze River. # lietween Jiangyin and Jingjiang of
Jiangsu Province, at the lower reaches of YangtaeerR The upgrade and
modification of the superstructure health monitgrisystem of Jiangyin Yangtze
River Highway Bridge was completed using the Ld&Bm@osystems’ GPS monitoring
system that focused on the monitoring of the girdeometric form and the
displacement of the bridge towers. The challenge t@grovide a cost effective and
innovative solution for delivering 3D positioningformation at 20 Hz from several
GPS Monitoring stations to advanced analysis aaftin software developed by the
engineering company in charge of the whole strattmonitoring project.

Northern Italian Reservoir.

Many of the hydroelectric reservoirs located in Atgs of Northern Italy are built
in narrow valleys which are orientated North-We&auth-East. Due to the valley's
orientation, only one side is exposed to the suhigsubject to significant temperature
differences within short periods of time. In margses this situation has caused a
different geological structure in the two sidestloé valley. In one of the valleys a
double-sweep arc-gravity dam was constructed iry¢laes 1950-1960. In June 1997, a
Leica TCA2003 Automated total station was instaledr the dam, on the stable right
slope, to permanently monitor, with the greatestiecy, the position of 16 reflectors
located on the left slope, with elevations varyiiragn 1730 metres to 2100 metres. The
distance from measurement station to target rainges170 to 1500 metres. Each of the
reflectors is located on a concrete pillar andguted from inclement weather. Two of
the 16 targets, located on the left and right sii¢ghe basin, are fixed points. The
measurement station consists of Leica TCA2003 Aatedh total station and APS
system software. The TCA2003 is located on a veayle pillar enclosed in a building
equipped with special glass windows. The applicapoocessor is also housed in the
shelter. The APS system software controls the nmeamnt procedure based on a point
selection made by the operator during a “learntedore. The measurement procedure



can be easily modified by the operator if neces¢aNEL configured their system so
that several measurements cycles would be madg deagr starting at selected time
intervals. Measurement sequences are defined to bad end on non-moving control
points which have known coordinates.
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MANAGEMENT OF PUBLIC PROPERTIES IN DEVELOPING COUNTRIES

Key words: importance of property management, property mamagt as a
business process, components of property managepnaotical experiences

SUMMARY

Property management is the process of inventorjyatian, use, strategic
portfolio reviews, reporting and auditing of pubpcoperties as part of the decision
making process of local government. It is a busir@®cess, which supports other
government processes like strategic planning, nmgppioperational planning,
budgeting, project implementation, documentatiod araintenance with important
basic data. Property management can be dividedSirdifferent components: legal
management, data management, business system mmmdgénancial management
and system management.

In many developing countries there are serious degteeen a professional
property management system in theory and the actralitions found in practice.
These gaps are mainly lying in the fields of datenpleteness, data currency, data
availability, data maintenance, business procesgesgrnment procedures, and
capacity of staff, skills of staff, lack of commigmt from the decision makers, lack of
organisation, unclear responsibilities and tecHnigafrastructure. Property
management is often (mis-)understood as justrigsthe inventory”.

Property management in developing countries isadlaging field of activity
for geodesists.

ZUSAMMENFASSUNG

.Property Management® (Eigentumsverwaltung) ist dd?Prozess der
Inventarisierung, der Bewertung, der Nutzung, deriddterstattung und Auditierung
des offentlichen Eigentums als Teil des Entschejdprozesses in o6ffentlichen
Verwaltungen. Property Management ist ein Gesghiéitess, der andere wichtige
Verwaltungsprozesse wie z.B. die strategische R@nudie Kartierung, die
operationelle Planung, die Budgetierung, die Ptajakicklung, die Dokumentation
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und die Unterhaltung mit wichtigen Basisdaten veisd’roperty management kann in
5 Komponenten aufgeteilt werden: Rechtsmanagemddatenmanagement,
Prozessmanagement, Finanzmanagement and Systenameamdg

In vielen Entwicklungslandern gibt es jedoch gréf3eiicken zwischen einem
professionellen System zur Eigentumsverwaltung dexd Situation, die man vor Ort
anfindet. Diese Licken liegen hauptsachlich inféeldern der Datenvollstandigkeit, der
Datenverflgbarkeit, der Datenpflege, der Geschéitssse, der Personalkapazitat, der
Personalausbildung, der fehlenden Bekenntnis vascEaidungstragern, Schwachen
in der Aufbau- und Ablauforganisation, unklaren argwortlichkeiten und
schlie8lich der technischen Infrastruktur (HardwaBoftware, Netze). Property
management wird oft als nur “Auflistung des Investdmil3-) verstanden.

Property management in Entwicklungslandern ist diarausforderndes
Arbeitsgebiet fur Geodaten.

1. IMPORTANCE OF PROPERTY MANAGEMENT
... for Government Finance and Development

For strategic, operational and financial reasonspgrty management is an
important area of decision making for local goveemnits.

New demands for better service provision, trend&atds decentralized systems
of public sector management in emerging econompegential synergies and
changing roles in the public and private sectoesiter the need for better management
and accountability of government resources.

Open and effective management and reporting ofippbbperty resources is an
important aspect of public trust. There is a newd &eightened interest in the
strategic role that property management can havgdweernments and their residents.
As the processes of decentralization, urbanizadimh economic development in the
cities continue in developing economies, there rewng need to provide better
living and working conditions for rapidly growingppulations through better service
provision and improved access to amenities.

A review of successful cases of government manageimdicates that effective
use of the property base is an important factortrimring to increases in
government revenues and successful performance.

Property management is the process of inventolyatian, use, strategic port-
folio reviews, reporting and auditing of public efss and, in some cases, state
properties as part of the decision making procé&scal government.

The main benefits of an effective property managemgstem are to help local
governments: provide local residents with improsedrices based on public asset use
(such as infrastructure, water systems, schoolspitats, parking, etc.); increase
revenues and/or decrease costs; improve the ovemadlit rating for the local
government; attract more domestic and foreign tovresimprove land valuation (for
example, through relocation of public propertiede @nd leases, and improvements in
infrastructure such as better roads) that make d@sdts attractive for productive and
real estate purposes and finally enhance the emmeat and improve quality of life.



2. PROPERTY MANAGEMENT IN THEORY

Property Management is not just “listing” the palghroperties. It is considered
to be an important administrative “process” in #lusiness fields of local
governments such as: infrastructure, health, etucgbublic transportation, energy
supply, etc. It supports other government procelisestrategic planning, mapping,
operational planning, budgeting, project implemgata documentation,
maintenance etc. with important basic data. Figpdws a generalized model for this
interrelation.

S trategic
Planning / Maintenance

X Removal

V/
_oourersr >
[S—————

Implementation

Property
Management

Budgeting

Operatio
Planning

Procurement

3 ... life cycle of a property \i

Fig. 1. Processes around property management

Property management can be divided into five dffieércomponents, i.e.
different areas of knowledge:

2.1 Legal Management

National and local governments need a common kgghlregulatory framework
that clearly establishes the authority of localgownent over its properties.

Like any other system of government, the propernagement functions have
to be understood in the context of the social avldigal environment. The laws and
regulations will, to some extent, reflect thesditiea.

The legal and administrative framework consiststhe applicable laws and
regulations that affect the ownership and managewofgoublic properties. The legal

systems can define property ownership includingtsgnd responsibilities, sale and
registration differently.



2.2 Data Management

The cornerstone of property management is a weditioning inventory system.
The system should contain the information to bee dbl assess quickly what the
government owns, the type of properties and tlomation, as well as an up-dated
value indicating the methodology used to assessahee. A first step for government
officials is to review whether there is an invegtaf their property base and a
transparent system for data retrieval.

2.3 Business System Management

This aspect of property management has to respaidtevthe local strength
and the administrative processes of the local gowent. Local governments need
well established offices and personnel in chargepmperty management. Their
experience should contribute to improvement ofsiysem inputs.

Since property management is both a financial mamagt as well as a local
physical planning function, a property managemaiitt integrating the contributions
of different relevant departments, helps achieve dlbjectives of developing an
improved and coordinated property management system

Defining a professional property management sysesquires the knowledge of
the “client processes” around the inner circleiotnE What is the purpose of this and
that particular process? Who is responsible fordifferent processes? What are the
inputs and outputs of these processes? How aranthesections to each other
defined?

2.4 Financial Management

Financial reporting is one of the strategic buitdinlocks of local government
capacity that can help attract investors, lendedsta explore real investment options
strategically. A systematic review of the accougtstandards and financial reports
can provide useful feedback for improvement orrgftieening of the system. The
accounting standards and practice determine wheh fow transactions and
economic events are reflected in the financiakstaits.

The purpose of the valuation and appraisal shoeldobgive both the local
government as well as citizens of the jurisdicteomd beyond, access to valuable
information for the purposes of planning, approvag&gotiation, execution and
monitoring of performance for municipal governmeoitshe use of public properties.
The valuation methods should link services providéath net revenues or costs
associated with the management of particular puassets.

2.5 System Management

The data volumes and report generation requireserieure satisfactory
performance of a computer based (ICT) solutionwith the other categories, it is
Important for the systems management strategy &ppeopriate to the organization,
and different government units will have differdatels and capabilities in their
technical ICT infrastructure.

When choosing an appropriate software solutionhegovernmentshould
consider its current and future needs. The impadhis can be ameliorated by
adopting a modular approach to the systems design



3. PROPERTY MANAGEMENT IN PRACTICE

In many developing countries there are major gagsvéen a professional
property management system in theory and the actualitions found in practice.
The main gaps are described below. They are basdteoauthor’s experiences in
different countries:

3.1Legal Management

Although laws may have been published, there cambmany instances, areas
of contradiction and lack of clarity that potentyatliscourage local governments in
their asset decision making initiatives.

Compliance of laws, rules and regulations is dificdue to lack of capacity.
Regulations can be inconsistent and contradic®oynetimes the situation of asset
ownership status and conditions is not known otaarc

3.2 Data Management

Often the necessary data are not available, noataddor not reliable. It is
difficult sometimes to find a complete data sethettt constraints. Furthermore
existing data sets may have a low level of integnafor different applications. If
graphical data are available, they are mostly @drivom stand alone GIS systems.

Usually the data problem is more serious thandhlk bf computers, software or
technical networks. A paper based property managemgstem with complete,
updated and reliable data would help much more thadern computerized system
where no data are available.

3.3Business System Management

Property Management is often (mis-)understood s*Jisting the inventory”.
In fact it should be understood as an importantiagitnative processwhich supports
other government processes like strategic planmmgpping, operational planning,
budgeting, project implementation, documentatiod araintenance with basic data.
The important budgeting process, for example, moli work well when the property
management data are not presented in an adequatedée to its specific financial
needs.

In practice the processes of data exchange ara pfirderous; interfaces are
not defined; only the complete inventory is transd to the “clients” without any
selection or evaluation. These deficits in the infation flow mainly have
organizational reasons.

Furthermore the staff problem has to be mentioitéeé. existing personnel for
property management is either not enough or ndtskéled.

3.4 Financial Management

In practice property management and financial memegt are treated mostly
as two separate processes. In effect both procebsesd be part of an integrated
system. As already said in chapter 2.4 financigloreng is one of the strategic
building blocks of local government. The propertyamagement unit in a local
government should prepare and evaluate the progetty for the specific needs of
their colleges of the finance department. To fulils requirement it is necessary to
define precisely the interface between the propeantg the financial data and
optimize their exchange.



The activity of valuation and appraisal is ofterrrieal out by independent
consultants because there is no adequate knowiadtdie local government. This
field of action should be or become a scope of aesiility of the property
management units in local governments making mavempment decisions easier
and safer.

3.5 System Management

In many developing countries property managemerat maper based system,
ICT systems are still under development and thanifBstructure is still poor. Often
there is no central IT-function in the administoatiand the equipment for IT
(hardware, software, networks) is still on a lowedle

Conclusion

The gaps between property management in theorypeoperty management in
practice are evident. They are mainly lying in fledds of data completeness, data
currency, data availability, data maintenance, rm&s processes, government
procedures, staff (capacity and skills), and lalckamnmitment from decision makers,
lack of organisation, unclear responsibilities &hnical infrastructure.

Property management is a challenging field of &gtior geodesists.
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CMYTHWKOBbIN MOHUTOPUHI" BOAHbBIX MOBEPXHOCTEMN U
NEAAHBIX MOJEN

B crartee nmpencTaBieHO oOmMHMCaHWE ~MPOTPAMMHBIX — TEXHOJOTHH  JJIS
CIIyTHHUKOBOTO MOHUTOPHHTA BOJHBIX IMOBEPXHOCTEH W JIEASHBIX TOJICH. OTH
TEXHOJIOTUM BKJIFOUAIOT: TpaHCHOPMHUPOBAHWE CHYTHUKOBBIX H300paXCHU B
Kaprorpaduyeckyro  OCHOBY  (T€OKOAMpPOBAaHME);  MOHTaX  MO3aWK W3
TpaHC(OPMUPOBAHHBIX N300PAKEHUN; TEMATHUECKYIO 00pabOTKY C MCITOJIb30BAaHUEM
KJIACTEPHOTO aHAJIM3a M KOHTPOJIUPYEMOH KilacCUu(PUKAIMU, MMOCTPOCHUE BEKTOPHBIX
MoJjiell TMepeMelIeHnid BOJHBIX MacC MW JISASHBIX IMOBEPXHOCTEH; OQOopMIICHHE
pe3ysIbTaToB 00PaOOTKH.

A.A. Buchnev,V.P. Pyatkin
ICM&MG SB RAS, SSGA, Novosibirsk

SATELLITE MONITORING OF THE WATER SURFACES AND ICE FIELDS

The description of the software technologies fa $atellite monitoring of the
water surfaces and ice fields is presented indtiisle. This technologies consists of:
transformation of the images into map (geocodifgyming of mosaics from
transformed images; data thematic processing wsimguof the clustering and
supervised classification; forming vector fieldstbé water masses and ice surfaces
moving; forming of the processing results.

CoBpeMeHHbBIE TEXHOJIOTUM MOHUTOPHHTA COCTOSIHUSI BOJHBIX IMOBEPXHOCTEH U
JINSHBIX TIOJIEH BKIIIOYAIOT OOpa0OTKy M aHAIW3 HM300paKEHUH, MONYYEHHBIX CO
CIIyTHUKOB JIMUCTAHIIMOHHOTO 30HIMPOBaHUs 3eMJIM, B BUIUMOM, MHPPAKPACHOM U
MUKPOBOJIHOBOM JHara3oHaxX 3JEKTPOMArHUTHOTO CHEKTpa. B Xome CIyTHHKOBOTO
MOHHUTOPWHTA MOPCKHMX aKBAaTOPHH M PEYHBIX CTOKOB PEIIAIOTCS CIEAYIONINE 3a1a9u
[1-3]:

1. OneparuBHOE€ KapTHPOBAaHWE TMMAPAMETPOB COCTOSHUSI W 3arpsi3HCHUN
(GeperoBbIX, CYIOBBIX i OMOTEHHBIX) BOIHOM CpPEJIbI.

2. AHamu3  METEOpOJIOTHMYECKOM  OOCTAaHOBKM W €€  BIMSHUS  Ha
pacnpoCTpaHEHUE 3arpsI3HEHNM.

3. H3yuyeHue 3aKOHOMEPHOCTEH MPUOPEIKHON ITUPKYISIIIAHA BOABI U X BIUSHUS
Ha pacnpoCTpaHEeHHE 3arpsi3HEHUH.

4. BpIsSBICHHE pPA3MMUYHBIX CHTYallMd paclpeneNieHus 3arpsA3HeHud B
NpUOPEKHBIX BOJAX.



5. OmnpeneneHne  TUAPOJIOTUYECKUX  XAPAKTEPUCTUK U OTCIIEKMBAHUE
JTUHAMMUKH 3aTOTIJICHUN PEYHBIX ITONM.

6. OmpezaeneHue MmapaMeTpOB MOPCKOro Jibaa (BO3pacT, CIUIOYEHHOCTD,
0000IIICHHBIEC XapaKTEPUCTUKH).

3amaun 2-5 HaXoAATCA B TECHOM B3aMMOCBA3M, T.K. 3arpsi3HEHMs, MomNajaas B
BOJIHYIO CpPE€Jly, CTAHOBSITCS YaCTbIO TOM Cpelbl U Pa3BUBAIOTCS BMECTE C HEH MoA
BO3JICHCTBUEM METEOPOJOTHYECKUX U THIAPOJOTHYECKUX (akTopoB. BrixomHOM
MPOAYKIIMEH MOHUTOPWHTA SIBIISIOTCS KapThl 3arpsi3HEHHs] BOIHBIX IMOBEPXHOCTEH
MJICHKaMU TOBEPXHOCTHO-AaKTUBHBIX BEIIECTB, pachpeneicHuss (UTOIUIAHKTOHA H
BOJIOPOCIICH, KOHIIEHTpAIMK XJOpOodUiUIa, TEMIEpaTypbl TOBEPXHOCTH BOIHI,
MepeHoca BOJHBIX MacC, CIUIOYEHHOCTH JibJa, Apeida NeasHpIX Moied u Jp.
COOTBETCTBYIOINE MPOTPAMMHBIC TEXHOJOTWH, paszpadboranneie B UBMuMI' CO
PAH cosmectHo ¢ HUI] «lmanera» Pocruapomera P® [4], BkimouaroT B ceds
CJIETyIOIINE TPOLEIYPHI:

1. TpanchopmupoBaHUE CIYTHHKOBBIX H300paKEHHM B KapTorpaduuecKyro
OCHOBY.

2. MoHTax MO3auK U3 TpaHC(HOPMHUPOBAHHBIX U300PAKEHUH.

3. Temaruueckyro 00pabOTKy C HCIOJIb30BAHUEM KJIACTEPHOIO aHaiu3a MU
KOHTPOJIUPYEMOH Kilaccuukauu.

4. IlocTpoeHue BEKTOPHBIX MOJEH MEPEMEIICHUI BOJHBIX MacC M JICISHBIX
IMOBEPXHOCTEH.

5. Odopmnenne pe3ynpTaToB 00pabOTKH B BUJIE TEMAaTHYCCKHUX KapT U (ailjioB
TaHHBIX 3aganHoro popmara (BMP, GeoTiff).

TpanchopmupoBaHue CHYTHUKOBBIX H300paXeHUH B KapTOrpaduuecKyro
OCHOBY SIBJIIETCSI TEOMETPHUYECKUM IpeoOpa3zoBaHuEM, 0TOOPaKAIOIINM BECh CHUMOK
a0 ero yacTb Ha 3apaHee MOATOTOBJICHHYIO PACTPOBYIO reorpauuecKyro KapTy
COOTBETCTBYyIOIIEH Tepputopuu. Kapra cTpouTcss B BBHIOpaHHON reorpaduieckoit
MPOEKIIMU C MCIIOJIh30BAaHHEM PA3IMUYHBIX 0a3 AaHHBIX (B TOM 4ucIie MIeHn-daiiios
'NC ArcView) nans HaHeceHHs Ha JIHCT KapThl KOHTYPHBIX 3JEMEHTOB
HNPOCTPAHCTBEHHBIX O00BEKTOB. OTOOpa)keHWE CHUMKAa Ha KapTy OCHOBAaHO Ha
UCIIOJIb30BaHUM HMJICHTHYHBIX OINOPHBIX TOYEK CHHMMKAa M KapThl. Bo3MoxxHO
WCIIONb30BaHUE OJHOTO M3 JABYX THUIIOB OTOOpPaKEHHUW: HAa OCHOBE MPUMEHEHHS
ceMercTBa KycouHO-a(hUHHBIX MPeoOpa30BaHMi, KOTOPBIE CTPOSITCS HA MHOXKECTBE
TPEYrOJIbHUKOB CHUMKAa M KapThl, MOIY4YaeMbIX B pE3yibTaTe TPHAHTYISINH
BBIMYKJIO OOOJIOYKM MHOXECTBAa OIOPHBIX TOYEK CHUMKA, M Ha OCHOBE
OTOOpaXKArOIIEro IMOJMHOMA 3aJaHHOW CTeneHHW (IepBOi, BTOPOH WM TPETHEH).
Mo3auku CIyTHUKOBBIX M300pakeHUil  (QopMupyroTcs TyTeM OObeAUHEHHS
TpaHC(POPMUPOBAHHBIX HA EIUWHYI0 KapTOrpa@HUuecKyld OCHOBY H300paKeHUH.
TpancopmupoBanuble  U300pakeHHs,  HUMEIOUIME  O0JacTb  MepeceyeHws,
OObEAMHAIOTCA C  MCIONB30BAHMEM  HMHTEPIONSLMM  3HAYCHUH  IHMKCEJIOB
n300pakeHuid.  VHTeprmonmsuusi MPOBOAUTCS C  KCIOJIB30BAHMEM  BECOBBIX
K03 GUIMEHTOB, 3HAYSHHUS KOTOPBIX 3aBUCAT OT CTENEHHU YAAJCHHOCTH MUKCEJIOB OT



KpaeB CHUMKOB. B pe3ynbrare Takoro o0belMHEHUs! TpaHHUIla MePeCceuyeHrss CHUMKOB
CTaHOBUTCS HE3aMETHOM.

XapaxkTepusys: METOAbl KJIACTEpU3alUU B II€JIOM, CIEAYeT OTMETHUTh, UTO B
OCHOBHOM OHM OTBICKMBAIOT B JIaHHBIX HE TE€ CTPYKTYpbl, KOTOPbIE TaM PpPEaJbHO
CYIIECTBYIOT, a Te, JUIi TOWCKa KOTOPBIX OHHU mpenHasHaueHbl [5]. [loatomy
Ha/Ie)KHOCTb PE3yJIbTaTOB KJIACTEPU3ALIMM YACTO MOXHO OLIEHWUTH JIMILb CPAaBHEHUEM
HECKOJIbKUX BapHaHTOB 00paboTku. Crucrema KJIaCTEPHOIO aHajiu3a B MIPOrPaMMHBIX
TEXHOJIOTUAX 00paOOTKM CIYTHUKOBBIX JAHHBIX MPEACTaBICHA ABYMs alrOpUTMaMH
— MetogoM K -CpegHMX M METOAOM aHallM3a MOJ MHOTOMEpPHOW THCTOTpamMbl, a
TaK)k€ THOPUIHBIM METOAOM, OOBENMHSIOIIMM METOJ aHalln3a MOJ MHOTOMEpPHOM
TUCTOTPAMMBbI C TOCIEAYIOIIEN MepapXu4ecKor rpynnupoBkod. Kak ormeuaercs B
0030pe anropuTMOB Kiactepusanuu [6], meton K - cpemHux sBisercs HambOoee
b dEeKTUBHBIM 17151 pa3OueHus OONbIUX HaOOPOB JaHHBIX Ha KiacTephl. KauecTBo
pazoueHuss B anroputMe K -cpemHux omnpenensercs (QyHKuend oOmuooK,
ABJISIIOLLIEICS CyMMOW pacCTOSIHMM BEKTOPOB M3MEPEHMH 1O LEHTPOB KJIACTEPOB, B
KOTOpBIE€ MOMANAl0T ATU BEKTOPHI. Anroput™m K -cpeiHUX SBISETCS UTEPALMOHHOU
OpOLENYypOH, Ha Ka)KJIOM IIare KOTOpoil 3HaueHUE (YHKLUHMU OMIMOOK yMEHBLIAETCS.
AnroputM paboTaeT g0 TeX ImOp, IOKAa 3HauyeHue (yHKIMUM OmHOOK He
crabunusupyercsi. M3BecTHBl ABa BapuaHTa aiaroputMa — merol Maxk-KBuHa u
meton Jlnoipga. OTH BapuaHThl OTIMYAKOTCS METOAMKOW Iepecuera IEHTPOB
KJIACTEPOB BO BPEMsI BBIIIOJIHEHHS UTepanui. PaccTtosiHne BEKTOPOB U3MEPEHUN 10
LEHTPOB KJIACTEPOB OIpeAenseTcss BbIOpaHHOM MeTpukoil. Mbl HCHONb3yeM
CJIEYIONINE METPUKH. €BKIUAO0BO PACCTOSIHUE, CUTU-OJIOK pacCTOSTHUE, PACCTOSHUE
YeObimeBa u pacctosnue MaxamaHoOuca. Bpibop MeTpuku ompeaenser Gopmy
MOJIy4aeMbIX KJIACTEPOB: 3KBHUJIMCTAHTHBIE MOBEPXHOCTHU SABIAIOTCS THIEpcepamu
IUIsl €BKJIMJOBOTO PACCTOSHUS, THUIEPreKcasfapaMu [Jisi CUTU-OJIOK PaCCTOSHHUS,
UNEepKyObl 1 paccTosHMsl YeOpllieBa M TUINEPIVIMICOUABI JJISl PACCTOSHUSA
Maxanano6uca. HM3ectHo Takxke (cMm., Hampumep, [7]), YTO pe3ynbTaThl
KJIacTEepU3aluu MeTooM K-CpeaHMX 3aBUCAT OT BbIOOpAa HAvaJIbHBIX ILIEHTPOB
KJIACTEPOB, a B HEKOTOPBIX CIyyasx Aake OT MOpPSAAKA, B KOTOPOM PacIOJIOKEHBI
BXO/IHbIE JlaHHble. B HacTosdlmeM NporpaMMHOM OOECIEYEHUH pealnu30BaHbl
BapHaHThl BbIOOpAa HAYAJIbHBIX IIEHTPOB KJIACTEPOB, OCHOBAaHHbIE Ha JUCIEPCHUU
KOMIIOHEHT BEKTOPOB M3MEPEHMIl M CIy4ailHOM pacopeneieHUd BEKTOPOB
u3MepeHud mo  kjactepaMm.  JIOMONHUTENbHBIE  BO3MOXXHOCTH  CHUCTEMBI
KJIACTEpPU3allUd COCTOSIT B YOPABICHUU JAHHBIMHU. C MOMOLIBI0 (PailIoB-MacoK
MOXXHO HCKIIOYaTh U3 Habopa BEKTOPOB M3MEpPEHUHN ILienble o0nacTu, He
NpeCTaBISIONe MHTepeca (Hampumep, NMpU aHalM3e NPHOPEKHBIX aKBATOPHMA
TAaKOBOW SBJISIETCS CyIla), a TakkKe HCKIIoYaTh BIHWSHAE HAa PE3yibTar
KJIAaCTepU3allid  LIYMOBBIX COCTaBIAIOIIMX Habopa JJaHHBIX, OrPAaHUYMBAL
pacCTOsiHUE BEKTOPOB HU3MEpPEHUH N0 BEKTOpa cpeaHuX. Meron aHanu3a MoOJA
MHOTOMEpPHON T'MCTOIPAMMBI, a TaK)X€ TMOPUIHBIM METOJ, IMO3BOJSET IOJIy4aTb
pa3OueHue Habopa BEKTOPOB H3MEPEHHH Ha  KJIAacTepbl  IPOU3BOJIBHOM
reOMETpUYECKOd  (QOpMBI.  DKCIEpPT-UCCIENOBATENb, HUCIOJIB3YS  pa3InyHbIC
BO3MOKHOCTU CHUCTEMBI KJIACTEPU3ALMH, MOXKET MOJYUYUTh LIEIbIM CIEKTP PElIeHUN
U BbIOpATh CpeM HUX JIydllee, aHAJIU3UPYs Pa3aeIMMOCTh IOJy4yaeMbIX KJIaCTEPOB.



Pe3ynbraToM KiacTepu3zalMM  SIBISIETCS pacKpalleHHOE B  YCIOBHBIE I[BETa
OJIHOKaHAJIbHOE M300paxkeHHe (kapTa Kiaccu(UKaum), MHKCEIaMU KOTOPOTO
ABIIAIOTCS HOMeEpa KiacTepoB. Puc. 1 neMOHCTpUpyeT pe3yiabTaT NpPUMECHECHHSI
KJIAaCTEePU3allUU JUIsl aHAIM3a MYTHOCTH BOJIBI A30BCKOTO MODSI.

CucremMa KOHTPOJIHPYEMOH KIacCH(PHUKAIIMN COCTOUT U3 CEMH KIacCU(PUKATOpOB
(OTHOTO TMORJIEMEHTHOTO KiacCU(pUKATOpa M IECTH OOBEKTHBIX), OCHOBAHHBIX Ha
WCIIONb30BaHUHM 0aleCOBCKOM CTpaTeruy MaKCUMaJIbHOTO MPaBIOMOAOOUS IS
HOpMaJIbHO  PACHpPENEICHHBIX BEKTOPOB NPHU3HAKOB, M  JBYX OOBEKTHBIX
KJIACCU(UKATOPOB, OCHOBAHHBIX HA MUHUMYMe paccTostHus [5, 8]. [Tox 00beKTOM MBI
MOHMMaeM OJIOK CMEXHBIX BEKTOPOB KBaJpPAaTHOM WM KpecTooOpaszHoil (hopmbl.
[TockonbpKy (¢u3nueckre pasMepbl peanbHO CKaHUPYEMbIX MPOCTPAHCTBEHHBIX
OOBEKTOB, KaK TPaBUiiO0, OOJBIIE pa3pelieHuss ChEMOYHBIX CHCTEM, MEXIY
BEKTOPaMU JAHHBIX CYIECTBYIOT B3aUMOCBSI3H.

Iea B'ag 37Ra 38°en e
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Temaruyeckue kapTsl COCTOAHNA BOAHOM Cpeabl A30BCKOTO MOPS, NOAYYEHHbIE C NOMOLL LK aBTOMATUAUPOBAHHOTO
PACNO3HABaHWNA MHOrO30HaNLHOMO CMNYTHUKOBOro usobpamenus 3a 4 asrycta (a) v 11 asrycra 2006 . (6).

Boduas cpeda pasHold cmenexu MymHocmu

cnatan CUNEHAS
- cywa B - sona YepHoro Mops B - oGnaka 1 - {n+1) knacc
Puc. 1

Hcnonp3oBanue mHOpMaIuu mogo0HOTO pojia 1aeT BO3MOXXHOCThH TOBBICHUTH
TOYHOCTh KJIACCU(UKAINK, €CIH TMBITaThCS PACMO3HABATh OJHOBPEMEHHO TPYIIITY
CMEKHBIX BEKTOPOB (0OBEKT). AMpPHOPHBIC BEPOSTHOCTH KIACCOB MOTYT OBITh
MOJIyYEHBbl U3 pPE3ylbTaTOB MPEIBAPUTENIBHON KiacTepu3auuu. lIpuBeneHHble HUXE
PUCYHKH WILTIOCTPUPYIOT pabOTy CHCTEMbl KOHTPOJIHUPYEMOW KiacCU(UKALMKU TPU
pELICHUH 3aJ1a4ui OLIEHKHU MaBOJKOBOM CUTyallMd B YaCTH TEPPUTOPUHU OacceriHa peKu
O6u B patione Ycre-Yapsimickoit I[Ipucranu. Kocmuueckuii CHUMOK 93TOM
TEPPUTOPUM TIpeACTaBiIeH Ha puc. 2. u noinyyeH ¢ MC3 «Mereop-3M» 29 mas 2004
roma. Ha puc. 3mpencrapnen pe3yinprar KiacCu(huKaIuu: BhIJCICHO TSTh KJIACCOB.



Puc. 2 Puc. 3

[locne BbIMONHEHUST KIAacCH(UKAUKA TEM WIM HWHBIM CIOCOOOM MOXKET
BO3HHKHYTh HEOOXOJMMOCTh B TeHepanu3aluu (OObEAMHEHUHU) MOJYYCHHBIX
KJ1acCoB. MBI HCMONB3yeM I ITOW IenH chaenyrommii moaxoa. OmHOKaHAIbHOE
n3o00paxkeHue (kapra Kiaccu(UKaIKK) ¢ IMOMOIIBIO CKOJB3SIIEIO OKHA pasMepoM 2*2
npeodpasyeTcs B YeThIPeXKaHAJIbHOE CIICAYIOLTUM o0Opazom:

(Sl Ez) = (Pys Ps» P3, P,) - THI CKONB3AIIETO OKHA SIBISETCS BXOJHBIM ITAPAMETPOM:
3 4

— OKHO ¢ IepeKpBITHEM, KOTOPOE paboTaeT CIETYIONTUM 00pa3oM:

(pn P Pis
p21 p22 p23

(pasMepspl  YETBIPEXKAHAIBHOTO HM300paKeHUsT yMeHbIaloTcss Ha 1 1o
CpaBHEHUIO C UCXOIHBIM);

— OxkHO 0€3 epeKPHITHSI, KOTOPOE pabOTAET CISMYIONUM 00pa3oM:

(pn Pro P13 Pu

p21 p22 p23 p24

(pasmMepsl YeTHIpEXKaHATBHOTO HM300paKEHUS YMEHBIIAIOTCS B 2 pas3a IIo
CPaBHECHHIO C MCXOTHBIM).

Jlanee BBI3bIBa€TCS OJHA W3 TPOLEAYP KIACTEPU3AIMH MOTYYCHHOTO
YeThIPEXKAHAIBHOTO HM300paXeHUs: MO0 Kiactepu3anust mo meroxy K-cpenHwmx,
00 KIIACTepU3aIHs 10 METOAY aHaJN3a MOl MHOTOMEPHON THCTOTPAMMBL.

[Tpu aHanmm3e e0BOM 0OCTAHOBKHM BO3HUKAET MOTPEOHOCTH (HAIIPUMED, B CBSA3H
C J00BIYEH IMOJIE3HBIX HMCKOMAEMBIX HAa MOPCKUX Ieib(ax) B MOCTPOCHUH KapThl
CIUIOYCHHOCTH JIbJla HAa OCHOBE KapThl Kiaccupukanuu. M300pakeHue KapThl
KJIaccu(UKAIMU CKaHUPYETCSl OKHOM 3aJ]aHHOTO pa3mepa. [Ipyu ckaHupOBaHUHM MOTYT
YUUTBIBAThCS MACKU CYIIM M OOJIAKOB. B TEKyIleM MOJIOKCHUH OKHA CKAaHUPOBAHUS
OTIPE/IENIACTCS 3HAYCHHUE KO/Ia CIUIOYCHHOCTH JIbJIA:

kod = M (K _Levels-1),

j: (pll’ p127 p217 p22)’(p12’ pl37 p227 p23)

j: (pll’ p12’ p21’ p22)’(p137 p14’ p237 p24)

~

rJe S —IUIoNIa s OKHa, PIX_ICe —KOIMYECTBO MUKCEIIOB ¢ KoaoM Jibaa, K _Levels
— TpeOyeMoe KOJMYECTBO YPOBHEW CIUIOYEHHOCTH. B pesynbrare ¢opmupyercs



OJHOKAHAIbHOE M300pakK€HUE, TMHKCEeIaMU KOTOPOTO SIBIISIIOTCA JMOO  KOJbI
crutoueHHOCTH JibAa B uHTepBaie [0, K _Levels-] (nuneitnas yHkIims), 1100 KOIbI
U3 3aJlaHHOM TabmuIel a Takxke kox cymu K_Levelsu ko obmakos K_Levels+1.Ha
puc. 4 mnpuBeneHO H300pakeHHE KapThl Kiaccupukanuu JbAa B aKBATOPUU
Kacnuiickoro mopsi, a Ha puc. 5 —pe3ynbTar MOCTPOEHUS KapThl CIJIOYEHHOCTH JIbAa
(pa3mep OKHA CKaHUPOBAHUS 7*7, KOJTUYECTBO YPOBHEH CIZIOYCHHOCTH Jibja 12).

B TexHomoruu mocTpoeHus: BEKTOPHBIX MOJEH NMEpeMEIIeHU BOJHBIX Macc U
JensHBIX Tosel (moneit apeiida) mo pasHOBPEMEHHBIM CITyTHUKOBBIM W300paskeHHSIM
MPEeIyCMOTPEHO HCIOIb30BaHNUE OJJHOTO U3 ABYX PEKUMOB:

1. Merog mnocTpoeHuss moned apeiida MO BU3yaJbHO OINO3HABAEMBIM
M3MEHEHUSM TO3MLIUNA HEKOTOPHIX OOBEKTOB-3TAJIOHOB HA Pa3HOBPEMEHHBIX
CIIyTHUKOBBIX H300PaKEHUSX.

2. Meron mocTtpoeHus moned aperda, OCHOBaHHBIH Ha aBTOMAaTHYECKOM
BBISIBJICHUU OOBEKTOB-3TAJIOHOB Ha TIEPBOM H300PAKEHUU C TMOCIEAYIOIMIHUM
OMpEIEICHUEM CMEIICHUSI ATHUX 3TaJOHOB Ha BTOPOM H300pa)KEHUU C IMOMOIIBIO
KOPPESIIMOHHO-IKCTPEMATBHBIX METOJIOB.

Puc. 4 Puc. 5

B o0oux ciay4asx BEKTOpHBIC MOJIA MEPEMEIICHUN CTPOATCA KakK pe3ysabraTr
CMEILEHHUS y3JI0B HEKOTOPOU PETYISPHOM CETKH IO JEHCTBUEM CEMENCTBA KyCOYHO-
appuHHBIX npeoOpa3oBaHMM, NOIYYAaEMbIX IIOCIE IOCTPOCHUS TPUAHTYISALNUU
JlenoHE Ha MHOMKECTBE MCXOAHBIX IMO3ULUN OOEKTOB-3TajIOHOB. [IpexycmorpeHo
noctpoeHne (QYHKIMHA pacrnpeneneHuss (TMCTOrpaMM) BEKTOpPOB jpeiida 1o
HAIpaBJICHUSAM (a3UMyTaM) H CKOPOCTSM TIepeMEIICHUS .

Pabora BbINoIHEHA YaCTUUHO NpU (UHAHCOBOH noasepkke Poccuiickoro ¢pona
byHnaamenTanbHbIX uccnenoBanuii (mpoekt Ne 10-07-00131).
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PA3PABOTKA NTHCC AHTEHH B UHCTUTYTE MHTEIPAJIbHbIX CXEM
(MNC) UMEHN ®PAYHIOPEPA

Onucana HOBas JAelieBasl B U3rOTOBJIEHUH akTUBHAs derbipexcucteMHas ['HCC
antenHa 3G+C a1 BBICOKOTOYHBIX M3MepeHHid. OntumanpHas (Gopma auarpaMMsl
HAIpaBJICHHOCTH OOECIEeUYMBACT MAKCHMAIbHOE KOJMYECTBO BHIMMBIX CITyTHHKOB H
XOpolllee TMOAABICHHE MHOIONYYEBOCTH. AHTEHHY ODIMYAKOT TaKKE BBICOKHM
koa(durmeHT ycrneHus (4 n1b) v ctaOvTbHBIN (a30BbIiA TICHTD.

A.E. Popugaev
Fraunhofer Institut fuer Integrierte Schaltungd8)l
Am Wolfsmantel 33 91058 Erlangen, Germany

DEVELOPMENT OF GNSS ANTENNAS AT THE FRAUNHOFER IIS

A new active low cost four constellation GNSS anter8G+C for high-
precision applications is described. The optimahpgh of the radiation pattern
maximizes the number of visible satellites andvedlca good multi-path rejection.
Antenna exhibits a high antenna gain of 4 dBic asthble phase center.

BBEJIEHUE

Mopnepuu3zanus yxe cymectByromux (poccuiickas GLONASSwH amepukaHckas
GPS) u mnosBiaenne HoBbiX (eBpomerickas GALILEO u kwuraiickas COMPASS)
I'mo6ansubix HaBurarumonusix CrnytHukoBbix Cuctem ('HCC) tpeOyeT pa3paboTku
U HOBBIX AHTEHH [UISi BBICOKOTOYHBIX T€0AE3UYECKUX MPUIIOKEHUHN, CIOCOOHBIX
NpPUHUMATh CUTHAJBI BCeX ueThipex cucteM. COOTBETCTBYIOIIMUE JAMANMA30HbI YAaCTOT
nokasanbl Ha puc. 1.
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B2 B3 Bl
GALILEO E5a/ GALILEO GALILEO
E5b E4/E6 E2/L1/E1
(s8] o —_—
3 S o
w 0] w
w2 7] w2
ik :
GPS Zllars || & Ges || &
— — —
Ls = 2 || 3 . L1 =
CC f, MHz
< ol 00 Nw ~ o —\O \o [ e ~— [en]
o N N —— [ ake] o0 (=] wND SOy —
- —= S 29 as o0 2 el we =

Puc. 1.Yactots! curnanoB ['mo6ansabix HaBurammonnsix CiyTHHKOBBIX CHCTeM



[Io cBoemy mpsiMOMY Ha3HAYeHHIO BCAKas MpPHUEMHAas aHTEHHA MpeoOpasyeT
najaroue Ha Hee JIeKTPOMAarHUTHbIE BOJHBI B HANPABISIMEMBIE BOIHBI (DUIEPHOTO
TpaKkTa, KOTOpble (MOCIEC YCUJICHMS) IOMBOJSATCS KO BXOMy THpueMHHKA. Jlis
sbdextuBHoro ¢ynkuuonupoanuss ['HCC anTeHHa J0KHA — YAOBIETBOPSTH
OTNpEETICHHBIM TPEOOBAHUSIM.

AHTEHHa [JOJDKHA pearupoBaTh Ha MAJAIOIIEE AIEKTPOMArHUTHOE IIOJIE IO
OIPEICTICHHOMY 3aKOHY, T.€. UMETh 3aJIaHHYyI0 nuarpammy HampasieHHoctu (JIH).
Hins THCC TpeOyercss crmocoOHOCTh MPUHUMATh CHUTHANBI C IPaBOM KPYroBOii
noysipusanuet  (RHCP amrmn. a66p. or Right Hand Circular Polarisationk
OTIPENIEIICHHOM ceKTope ymioB u ¢ kodddunmentom ycunenus (KY) ne menee 3
nermben (ab). IMox xoaddummentom ycwuimenus (ITacCUBHOH, T.e. 0€3 YCHIIMTES)
AHTEHHBI B JAHHOM CJIy4ae IOHUMAETCS €€ HAMPaBIEHHOCTh. ONTUMAJIBHBIM C TOYKH
3peHMsI TOYHOCTH OIIPEACNIEHUs KOoopauHar sBisieTcs BapuanT JH ¢ mmpuuon
nernectka He MeHee 150°u He 6onee 180°no yposuio 10 n1b B Bepxueit nonycdepe. B
ATOM CITy4ae JOCTUTAETCs] KOMIIPOMHUCC MEXAY KOJIMYECTBOM BUAUMBIX CITyTHUKOB U
MOJIABJIEHUEM OTPAKEHHBIX CUTHAJIOB M3 HWKHEH mnomycdepbl. OCOOEHHO BBICOK
YPOBEHb MEPEOTPAKEHUN OT METAIUIMYECKUX MOBEPXHOCTEH, YTO UMEET MECTO MpHU
YCTAaHOBKE AHTEHHbI Ha KpBbIIIe MAIIMH M MEXaHU3MOB, 37aHuK. B obmiem ciydae
aMIUIMTya U ¢daza OTpaKEHHOIO CUTHAJIA 3aBUCAT KaK OT yIia MajeHus Tak U OT
Martepuaia orpaxareisis. COOTBETCTBEHHO BHOCSATCS PA3JIMYHbIE U3MEHEHUS B CIIEKTP
npuHUMaeMoro cur”ana. [loatomy BaxkHO yXe Ha 3Tane pa3padOTKU AHTEHHBI
YUUTHIBaTh O3TOT (AKTOp M CBECTH K MHHHMYMY YPOBEHb JIENIECTKA 3aJIHEro
W3ITy4YEHUS.

B manno# crarbe ommcana HoBas [[HCC antenna 3G+C mjis BRICOKOTOYHBIX
npuioxkeHui, pazpadorannas B Uuctutyre Murerpansueix Cxem uM. Opaynrodepa
(Fraunhofer Institut fuer Integrierte Schaltungenppnanren, I'epmanus. 3G+C —
ato uerbipexcuctemHas GLONASS/GPS/Gilileo mmoc Compass aHTeHHa,
obecneunBatomas npuem E1, E2, E4, E5, E6, L1, L2, L5, G1, G2, G3, B1, B3u
HMEIOIIasi BCTPOCHHBIN MaJIOIIYMSIIHKA yecrnuTe b curaana (MIY).

I'EOMETPUS AHTEHHBI

OcHoBHast mipobnema mnpu pazpaborke 'HCC aHTeHH 111 BBICOKOTOYHBIX
OPUIOKEHUNW  3aKJIFOYaeTcs B JOCTHIXKEHHM  TpeOyemMoill  XapaKTepUCTUKH
HanpasieHHOCTH. [IpuBenem HansigHoe noscHenue. JIH u3oTponHoro msmydaresns
(rUMOTETUYECKOM aHTEHHBI) WMEeT BUJA cdephl, T.. Takas aHTCHHA NPUHUMAET
CUTHAJIbl CO BCEX HANpaBJICHUI OJUHAKOBO U HE MMeeT HampasieHHocTH. JJH moboi
peambHOM aHTEHHBI OTIMYAETCS OT Cchephl U MOXKET OBITh MPEACTABICHA Kak
pesynbTar Aedopmanuu CHEPUIECKON MOBEPXHOCTH OMpeAesieHHbIM oOpa3om. [Ipu
9TOM OOBEM, 3aKIIIOYEHHBIA BHYTPU OTOW TOBEPXHOCTH OCTACTCSI IOCTOSTHHBIM.
Od4eBUHO, €CIM CXKUMaTh TaKyl OOOJOYKY B OIPEACICHHOM HalpaBieHUH, TO
IIPOU30MIET HEM30EKHOE €€ pacliupeHre B ApyromM. B mogasisioneM OONBIIMHCTBE
ciydaeB JIH aHTEHHBI MMEET CBOMCTBO CYXKaThCsS C YBEJIMYEHHEM 4YaCTOTHI, YTO
COTIPOBOXKJIACTCS YBEIMYECHHEM HarmpapieHHOCTH aHTeHHBI. Tak kak ['HCC anTeHHa
J0JDKHA padoTaTh B JOCTATOYHO MIMPOKO# momoce yacror (1,16 — 1,611 T), To aToT
ekt Oyaer ocoOCHHO XOpoIIo 3ameTeH. B mrore, kak mokazaHo B [1], B cioyuae



mpocToil koHpuryparmu anteHHsl npu KY >3 n1b nocturaercs B JaHHOM 4acTOTHOM
muanazone JIH mmpunont 180° — 130° BMecTo Tpebyembix 180° — 150°. Ecnu xe
NOMBITAThCS OJ00paTh pa3Mephl U3ITydaress TaK, YTOObI JOCTUYb IIUPHUHBI JIydya HE
menee 150°, to momydaercs Huszkuii KY mnopsaka 1 nb B HmwkHeM nmamazone,
Tpebyemsblit KY > 31b.

BbuT0 HaWCHO M 3amaTeHTOBAHO [2] OpUTHHAIBLHOE PEIIEHHE STOW MPOOIEMBI.
['eoMeTpust aHTEHHBI MPEJCTaBIEHA Ha puUcC. 2.

Puc. 2. TpexmepHast Mojiesib aHTeHHBI (0€3 aKTHBHBIX KOMIIOHCHTOB): BBICOTA OT
MOJIJIOKKH JI0 BEPXHEH rpaHulibl n3mydarens 25 MM, nuametp 146 mm

AHTEHHA COCTOUT W3 U3JIydaressl, PaCHOJOKEHHOIO HaJ KPYIIIbIM 3KPaHOM Ha
BepxHell ctopone moiokku (Rogers 3008, 0,508mM) m muraemoro B deThIpex
Toukax. M3myuyatenb MOXET OBITh M3TOTOBJIEH M3 JCIIEBOTO MaTepuaja, HampuMmep
TOHKOHM >kecTH. OTINYUTENbHON 0CO0EHHOCTHIO 3TOM aHTeHHbI OT Apyrux ['HCC
AHTEHH SBISETCA HAJIW4YUE PABHOMEPHO PpACIPEACIICHHBIX BOKPYI H3JIydaTelis
Mapa3suTHBIX 3J€MEHTOB B BUJE IJIACTUHOK, ciayxamux ans ¢opmupoBanus JIH.
bnaromaps TakoMy COYETAaHUIO H3JIydareiass M Iapa3HTHBIX 3JIEMEHTOB YAAJI0Ch
noctuub mupunsl JIH 180°— 150°u KV 4 nb.

Cxema mnuTaHusl u3Nydaredas JUisl peailu3aludd HEeoOXOJUMOro aMILIUTYIHO-
($a3oBOro pacmpeneneHusi ¢ 1LeJbl0 JOCTHXKEHUS TMPaBOM KpPYyroBOH MOJIPU3ALMU
BBINIOJIHEHA B MHUKPOIOJOCKOBOM ([I€YaTHOM) HCIIOJIHEHUM W PACIOJOXKEeHA Ha
HWKHEN YacT noasiokKu. CTpyKTypa cXeMbl BO30YK/I€HHUS aHTEHHbI U BOBMOXKHOCTD
€€ MUHUATIOpU3alliy [0Ka3aHa Ha puc. 3.



Puc. 3. Munuariopuzanus cxeMbl MUTAHUSI aHTEHHbI

CneBa mpuBeIeH BApUAHT CXEMbl NUTAHUS AHTEHHBI KPYrOBOM MOJISIpU3AlUH,
UCTIOJIb30BaHHBIN B MEPBOM BEpCUU aHTEHHBI (MmaccuBHOMN). Cxema BKITIOYAET B ceOst
ruOpUaIHOE KOJIBIIO, JBA PE3UCTUBHBIX JETUTENS; COTIACOBAHHE aHTEHHBI BBIITOJIHEHO
C TIOMOIIbIO TpaHcdopmaropoB U muiekidoB, moapodoHee cMm. B [1]. 3atem Obuia
MPEANPUHATA MONBITKA MUHHATIOPU3ALMU [EYATHOW CXEMBI C LEJIbI0 WHTErPALMH
MIIY. Nmenno Ha stoMm »sTane paspadbotkn ['HCC aHTeHHBI BO3HUKIA UEs
pa3paboTarh HOBYI0 YHHUBEPCAJIbHYI0 METOJUKY MHUHHUATIOPU3ALMHN  CIOKHBIX
MUKpOIIOJIOCKOBBIX cXeM. Takas MeTofuka Oonblleld 4YacThio YkKe pa3zpaboraHa
aBTopoM ctathbu U ycnemHo pa3BuBaercs B UMC. [logpobHoe onucanue METOIUKU
MoxHO HaiTu B [3]. Kak BuaHO U3 puc. 3, npenyokeHHass TEXHUKa MUHUATIOPU3AIH
MO3BOJISICT "CKaTh' MEUATHYIO CXEMY M0 3aHMMAaeMOH IIJIOIIA iU MPUMEPHO B S pas.

OxoHYaTENBHBI BapUaHT cxeMbl ¢ UHTerpupoBanHsiM MUY nokazan Ha puc. 4.
Hns  ¢unbtpauuu  curHanoB  [HCC — 6p1 cmemumanbHO — paspaboTaH
YeTHIPEXCHUCTEMHBIM  JIByXJIMAIla30HHBI  YacTOTHBIM  cemapatop  (muruiekcep),
MPEICTaBISIIONINIA cOO0M JBa ONpeneNeHHbIM 00pa30M BKIIOUEHHBIX KepaMUYECKUX
¢unsrpa. [ns ero BKIOYEHHS B MHHHATIOPU3UPOBAHHON CXeMe MHUTaHUSA
IIPEAYCMOTPEHBI 1BA BXO/A.



Puc. 4. HHTeraL[I/IH AKTUBHBIX KOMIIOHCHTOB B CXCMY IIUTAHUSA aHTCHHbI

PE3VJIBTATHI U3BMEPEHU

XapakTepuCTUKHA HANpaBICHHOCTH aHTEHHBI M3MEPSIUCh B O€39XOBOM Kamepe
NNC. PesynpraThl u3MepeHUWHM Ha KpallHux dyactorax auanazoHa ['HCC
npenctasiensl Ha Puc. 5. llupuna IH no yposuio 10 1b Ha 1,16 I'T'u coctaBnser
180° @), ymenpmasicek 10 150°mpu 1,611T1 (6). ITpu atom KY ocraercs npumepHo
MOCTOSTHHBIM M paBHBIM 4 nb. B ropuzonTtanbHoi miaockoctd JIH mpakTtuyecku He
3aBUCAT OT a3MMYyTa JaXke MPU HU3KKUX yriax ckioHenus (B) u (r). Taxxke u3 Puc. 5
BUIHO XOpOIIIee MoaBIeHne OpTOroHaabHoM eBoi nosipu3aiuu (LHCP anr. adb0p.
or Left Hand Cicular Polarisationponpiie uem Ha 15 nb.




Puc. 5. Usmepennsie quarpammel HanpasieHHoctd (—RHCP, -LHCP), nopmuposka
4 1b:

a) B BEpTHKAIBHOH TUTOCKOCTH Ha yactore 1,161 T, 6) B BepTUKATIHHON TIJIIOCKOCTH
Ha gactore 1,611 T, B) B ropu3oHTambHOU TIOCKOCTH HA yactote 1,161 T, 15°0t
YPOBHS TOPU3HOHTA T') B TOPU30HTAIBHON TUTOCKOCTH Ha yactote 1,611 T, 15°0t
YPOBHS TOPU3UOHTA

Hpyroit BaxxHou xapakrtepuctukori ['HCC aHTeHHBI SIBISETCS CTaOWUIBHOCTH
NoJIOKEeHUsI ee (a30BOT0 IIEHTpa, T.€. TOUYKH, OTHOCHUTEIbHO KOTOPON SKBHU(Da3HBIC
NOBEPXHOCTU B JlaJbHEW 30HE TMPEACTABISIIOT co0oil cdeprl. PesynbraThi
KaTuOpOBOYHBIX M3MEPEHUI mpencTaBieHbl Ha puc. 6. Kak BuaHO U3 rpadukos,
BapHalus MojaokeHus: (pazoBOro 1EHTpa He MPEBBIAET 8 MM, UTO SABISETCS OYEHb
XOPOITUM  TIOKa3aTeieM U O0ECleYMBaeT BBICOKYI0 TOYHOCTH OMPEIACICHHUS
koopauHat (He Xyxe 2 cM). CiieyeT OTMETUTh, YTO 3TH H3MEPEHHUS OBLITH MPOBEICHBI
JUTSL TIPOTHIA, W3Iy4daTellb W Tapa3HTHHIE AJIEMEHTHl KOTOPOTO OBLIM BBIPE3aHBI
JIa3€pOM U3 KECTU U W30THYTHI BPYUHYIO, C OTPAHMYEHHOM TOYHOCTHIO. Ha MOMEHT
HAIMCAHUSl CTaThbM AHTEHHA HAXOAWJIACh HA 3aKJIFOUMTEIBHOM A3Tare MOATOTOBKU K
CEpUIMHOMY TMPOU3BOACTBY. B pesynbrate MexaHu3zauuu IpPOLECCa H3TOTOBICHUSA
KOMILIEKTYIOIIUX AHTEHHbI BO3PACTET TOYHOCTh €€ W3TOTOBJICHUS U COOPKH, YTO
NO3BOJISIET OXKWJATh OT CEPUHMHOM AaHTEHHBl €I JYYIIMX XapaKTepUCTHUK
OTHOCUTEILHO CTaOMIIBHOCTHU €€ (ha30BOro LEHTpa.
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Puc. 6.ITonoxenne a3oBoro neHTpa anteHHsl B quana3one L1 (a) u L2 (0)

3AK/IIOYEHUE

B nanHoli crarbe onurcana HoBas yeTbipexcucremHas aktuBHas [ HCC anTenna
3G+C. bnaromapsi 3amaHTEHTOBAHHOM Te€OMETPUM H3JIydaTeds M Mapa3sUuTHBIX
DJIEMEHTOB JOCTUTHYTa ontuManbHas JIH, oOecmeunBaromas MakcuMaibHOE
KOJIMYECTBO BUAMMBIX CIYTHUKOB WU MOJABJSIONIAS MHOTOJIYYEBOCTh. B ornmuune ot
HeKoTopbIX Jpyrux kommepueckux ['HCC aHTeHH He HCMONB3YIOTCS JIOPOTHE U
TSDKEJIBIE KEPAMHUYECKUE TOJIOKKHU. 3iIydaromuye >3JI€eMEHThl BBIITOJIHEHBl U3
M30THYTON >kectH. KOHCTpyKIMS KOpIyca aHTEHHBI 00€CTeYHMBaeT XOPOIIYIO



BUOPOYCTOWYUBOCTh M TO3BOJISIET HCIONB30BaTh aHTeHHy 3G+C Ha pa3nuyHbIX
MalIgHaX 1 MeXaHu3Max.

C momo1po pa3paboTaHHONM HOBEHIIEH TEXHUKHM MUHHATIOPU3ALMN MEYaTHBIX
CXEeM yIaJIOCh Pa3MECTUTh MMACCUBHBIC M AKTUBHBIE KOMIIOHEHTHI CXEMbl IUTAHUS HA
OZIHOM CJIO€ M OTKa3aThCsl OT MCIIOIB30BAHUS JOPOTMX MHOTOCIOMHBIX TIIAT.

Takum oO6pa3oMm, mpocToTa KOHCTPYKLIMH AaHTEHHBI, a CJEJOBaTeNbHO U €€
HaJIe’KHOCTh, B COUETAHUU C TMPEBOCXOAHBIMU TEXHUYECKUMH XapaKTePUCTUKAMU U
MaJjioil CTOMMOCTBIO m3roToBieHus AenarT 3G+C 0coOOEHHO MPUBIEKATETLHOW IS
reo/Ie3UCTOB BO BCEM MUPE, B TOM yuciie u B Poccuu.

Antenna 3G+C,paspaborannas B Fraunhofer-11S Dpnanren) u npousBomumast
dupmoii navXperience GmbHBgpnuH) — oTIUYHBIA BHIOOP A TEX, KTO HEHUT
HACTOSIIIee HEMEIIKOE KaueCTBO MO JOCTYHOM! IIEHE.
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MHTEMPALINA SKONOMMYECKOW CYKLUECCKUW N KATEFOPU
3EMJTIENONb30OBAHNA B COBEPLUEHCTBOBAHNN OCBOEHNA
NPNPOOHBLIX PECYPCOB 1 COXPAHEHNA CPEOBI OBUTAHNA
YEJNIOBEKA

[TpenioKeHO  COBEpPIICHCTBOBATh  JKOJOTHYECKUE  aClEKThl  KaTeropuit
3eMJICTIONL30BAaHUS HAa OCHOBE WX MHTETPAlMH C MOJCIBIO 3KOJOTHYCCKOM
cykreccun FO. Omyma W CaHWTapHO-3MUACMHOIOTHUSCKIM 3aKOHOATSIILCTBOM O
0€30IMaCHOCTH KU3HEAEATEIHHOCTH.

M.A. Kreymer
SSGA, Novosibirsk

INTEGRATION OF ECOLOGICAL SUCCESSION AND LAND-USE
CATEGORIES FOR THE IMPROVEMENT OF NATURAL RESOURCES
DEVELOPMENT AND HUMAN ENVIRONMENT PRESERVATION

The author suggests improving ecological aspecttamd-use categories by
integrating them with Eu. Odum’s model of ecologjisaccession and sanitary-
hygienic legislation on life safety.

K uncny akTyanbHBIX MpOOJIEM YCTOWYMBOTO Pa3BUTHUSI OTHOCUTCS Hay4dHO-
METOJUYECKOE HAMOJIHEHUE COACpP>KaHUA OSKOJIOIMYECKOM COCTaBJISIONIEd B
IpUPOIONIPEOOPa30BATENIbHBIX U MPUPOAOINOIL30BATEIbCKUX MPOEKTaX C Y4YeTOM
MOHUMAHHS SKOJOTMYECKUX 3aKOHOMEPHOCTEH MNPUPOIHBIX KomiuiekcoB [1]. B
HACTOSAIIEE BpEMs HCIOJIb3yEeTCs] MHOXKECTBO Mojenei akocucteMbl. Kak numer ..
[Mlunynos [2], Ouocdepy MOXKHO MPEACTaBUTh B BHJE CICAYIOUIMX YpPOBHEH
OpPraHU30BaHHOCTH: a) TEPMOAWHAMHYCCKUN WM (PU3UYECKHUU, 0) XUMHUYCCKHH, B)
OMOJIOTUYECKHIA W TMaparcHeTUYCCKHH, T) SHEPreTHYeCKUd W 1) KpyroBopoTa
BemjecTBa Ouocdeprl. Ha 3emisix mOpombIIUIEHHOCTH, Kak mpensuaen B.J.
Bepnazackuii, yenoBek co3AaeT aHAJIOTHYHBIE YPOBHU OPraHM30BAaHHOCTH HA OCHOBE
MUTpaluu aToMoB 1 ¥ 2 pofia ¥ COBEPIIIEHHO HOBbIE HA OCHOBE MUTPALIMHA aTOMOB 3
pona.

PazButne »skocucrembl 0. OnyMm mpennoxui Ha3bIBaTh SKOJOTHYECKON
cykueccueil. Mopgenp 3komormueckoi cykmeccmn mo 0. Omymy (Ttabm. 1)
olleHUBaeTcs Mo 24 mokaszaTesisM, XapaKTEPU3YIOIIUM CIEIYIOINE «CTaHIapTHBIE»
(dakTopsl OMOChepbl: dHEPreTUKa U CTPYKTypa COOOIIeCTBa, €€ KU3HEHHBIH UK U
KPYTroBOpPOThl OMOTEHHBIX BEIECTB, JABJICHUE OTOOpa M BCEOOHIMI roMeocTas.
[TosToMy pazButue sxkocucteMbl FO. Onym npeiaraet onpeaeisaTh MO CIETYOMINM



TpeM mapamerpam: «1) 3TO YHOpSAOYEHHBIH MPOIECC pPAa3BUTHA COOOIIECTBA,
CBSI3aHHBI C M3MEHEHHSMHU BO BPEMEHM BHJOBOW CTPYKTYPbl U NPOTEKAIOIIUX B
COOOIIIECTBE MPOIIECCOB; OH ONpE/ICICHHBIM 00pa30M HalpaBJeH M, TAKHM 00pa3oM,
npenckazyeM; 2) CYKLIECCHs MPOMCXOJUT B pe3ylbTaTe W3MEHEHUs (PU3HMUECKOM
CpelbI TOJI IEHCTBUEM COOOIIECTBA, T. €. CYKI[ECCHsI KOHTPOJIMPYETCS] COOOIIeCTBOM,
HECMOTPS Ha TO, 4TO (HU3HYEeCKas cpelia ONpeeNsieT XapakTep CYKIEeCCHH, CKOPOCTh
M3MEHEHHS, a YaCTO U yCTAHABIMBAET MPEJEIIbl, 10 KOTOPBIX MOXKET JONUTH Pa3BHTHUE;
3) KyIbMUHAIMEN Pa3BUTHUS SBISIETCS CTAOMIN3MPOBAHHAS DKOCUCTEMA, B KOTOPOU
Ha €IMHUILy MMEIOUIETOCS TOTOKa SHEPTHH MPUXOAUTCS MaKCHMalbHas Ouomacca
(nmm  BeICOKOE cozpepkaHue WHGOpMAMKA) ©  MaKCHMalbHOE  KOJIHYECTBO
CUMOMOTHUYECKHX CBSI3EH MEXITy OpraHU3MaMu.

Tabnuma 1. Mozaenb 3K0JI0TUYECKOM CYKLIECCHH.

TenpeHIuM, KOTOPBIX CIETYET OKHUIATh B Pa3BUTHHU dKOcUCTeM [3, ¢. 325]

[TokazaTenn Ouochepsr | PasBuBaronmecs craguu \ 3pernbie craaun
DHepreTrka coo0IIecTBa

1.OtHomrenue P/R QTHOIIEHHE BaOBOM >1< -1

MPOAYKITUH K JIBIXaHHIO)

2. Otnomenue P/B (oTHOIICHKME BAIOBOM
Bricokoe Huskoe

IPOJIYKIIMH K YPOXKAK Ha KOPHIO)

3. Ornomenne B/E (buomacca,

MOJJEPKUBAaeMasi EAMHUIIEN ITOTOKA Huzkoe Bricokoe

SHEPIHN)

4. Ypoxait (4ucrast mpoIyKIus Buicoxuii Huskuii

coo0I1IecTBa)
JInnennele, Berssmumecs (murieBbie

5. [Iumesklie nenu PEUMYIIICCTBEHHO CEeTH), MPEUMYIIECTBECHHO
MacTOMIIHEBIE JCTPUTHBIC

CtpykTypa cooliecTna

6. O011ee OpraHNIecKOe BEIIECTBO Mauto MHuoro

7. Heopranndeckue 6MoreHHble BemecTpa | OkcTpadbuornueckue | MHTpabnoTHueckue
8. BunoBoe pazHoobpazne — KOMIIOHEHT

Mano Benuko

MHOT000pa3us
9. BunoBoe pasHooOpa3rie — KOMIIOHEHT
Bmpa]fHeHH(E:TH ’ Maso Beunio
10. buoxummdeckoe pazHOOOpa3ue Maso Bennko
11. SIpycHOCTB ¥ IPOCTPAHCTBEHHAS
reTEePOreHHOCTh (CTPYKTYpHOE Cnabo oprann3oBaHbl | XOpOIIO OpPTraHU30BAHbI
pasHooOpasue)
Ku3HeHHbIA UK
12. Crenumanu3anys o HUam [upoxas V3kasg
13. Pa3mepsl oprannsma Hebounpime KpynHeie
14.)KuzHeHHbIe TTUKITBI Kopotkue u ipocteie | [ITMHHBIE U CITOKHBIE
KpyroBopoTsl OMOT€HHBIX BEUIECTB
15. KpyroBopoTsl MUHEpaIbHBIX BEMIECTB | OTKPBITHIE 3aMKHYTbIE
16. Cxkopocth 0OMeHa OMOTEHHBIX

. |Bpicokas Huzkas
BEIIECTB MEXAY OPTraHU3MaMU U CPeNIoit
L7. Poms netputa B perenepatn He3naunrenbnas 3HauMuTeNbHAS

OHOTreHHBIX BEIIECTB




JlaBnenue orbopa
Ha 6picTpHIii poct Ha perynsimuio o6paTHO#
18. XapakTep pocta PbI P peryint p
(«r-oTOOP») cBs3b10 («K-0TOOp»)
19. Tlponykuus Konnuectso KauecTBo
BceoOmmii romeocras
20.Bayrpennuii cuMOno3 He pazsur PaszBur
21.CoxpaHeHrie OMOTCHHBIX BEIIECTB C norepsimMu [TonHOE
22.CtabuibHOCTh (YCTOHYHUBOCTD K
Huskas Bricokas
BHCIIHUM BO3MYIIICHUSIM)
23.DHTponus Bricokas Huskas
24. Nndpopmanus Maino MHoro

VYuuthiBass MaciiTadbl NMPUPOJLI U OOIIECTBA MOXXHO MPHU3HAThH, YTO JIEUCTBUS
oO1ecTBa crieuuUUHbI, a peakius IpPUPOJIbl T0JKHA ObITh cTaHaapTHOU. [loaTomy
MOKa3aTean Pa3BUBAIOIICHCS YKOCUCTEMbl UMEIOT TMOJIYKOJUYECTBEHHbIE KPUTEPHH,
CBUCTEIHCTBYIOIUE O TEHICHIMHU MPUPOAHBIX MPOLECCOB. B HEKOTOPHIX ciaydasx
3penoe COCTOSHUE MOXHO CYHTATh IUJIOXMM TMPOLIECCOM pAa3BUTHS I OIHUX
SBIICHUM, a JJII IpYruX — xopormuM. Celiuac HET HAYYHBIX BBIBOJOB, MO3BOJISFOIIAX
OPUHATH 00Jee TOYHbIE KPUTEPUH YCTPONCTBA SKOCHCTEMbI, HA OCHOBAaHUHM KOTOPBIX
Obl OCYIIECTBISJIACh OICHKA ymepda OKpyKawIel cpene, MPUHATOTO B
IpaXIaHCKOM KOJIeKCe, WJIM Bpela, NPUHATOTO B 3aKOHE 00 OXpaHE OKpYXKarolleu
Cpelbl, U TMOCTPOCHHUE 3KOJIOTUYECKOTO0 MOHUTOPHHTa. DTOMY MPEMSTCTBYET, Kak
yctaHoBua FO. OnqyM, ynopsiioueHHbIN MPOLIECC Pa3BUTUSI COOOIIECTBA U KOHTPOIb
CO CTOPOHBI COOOIIIECTBA.

Uepes 20 net nmocne Boixoaa padot o sxosioruu 0. Omyma Ha koHpepeniimu OOH
(Puo-ne-XKanetipo, 3 — 14 wmons 1992 r.) Obuta yrBepkaeHa Jlexmapaius 110
OKpYKAIOILIEH cpefie W pa3BUTHIO, BKItouaromias 2/ peKOMEHIATEeNbHbIX IMPUHIUIIOB,
LENbI0  KOTOPBIX SIBJISIETCSI  YCTAHOBJIEHHME HOBOTO, CHPABEUIMBOTO  MOOABLHOIO
MapTHEPCTBA, OOECIICYMBAIOIIETO YBKEHHE HHTEPECOB BCEX M 3aIIUTY LIEIOCTHOCTH
DI00ATBHOM CHCTEMBI OKpPYXAIOLIEH CpeAbl M Pa3BUTHUS, MPHU3HAHHE KOMIUIEKCHOTO U
B3aMMO3aBUCUMOro xapakrepa 3emid. Jns peammzaimu npunimnoB Kondepenmmeit
OOH raxxe Obuta npunsita «IloBectka qust Ha XXI| Bex». B nokymente u3 40 maB npu
PELICHUH HKOJOTMYECKUX TpoOsieM JaH MPHOPUTET COLUAIBHO-3KOHOMUYECKUM
MEXaHU3MaM B BHJE pa3pabOTKX HAIMOHAIBHBIX CTPATErHi, TIAHOB M (OPMUPOBAHUS
MIOJIUTUKN YCTOMYMBOTO PA3BHUTHSI.

Jist peanuzalud  MEXIYHAPOJHBIX HKOJOTUYECKUX MPUHIUIOB C YYETOM
CIOKMBIICKWCA  MOJEIW  NpupomonoyibzoBaHuss B Poccuiickori ~ depepanuu
npenjaraercss  Cieayiollas — MHTErpauus  KaTeropuii  3eMJICTIONIb30BaHUSl €
knaccupukanuen skocucreM no OayMy Ha OCHOBaHUU UX (DYHKIIMOHAJIBHBIX
xapakrepuctuk (tadm. 1). C dyHkuuonanpHor Touku 3penus O. Oaym [3, c¢. 17]
npejyiaracT dKOCUCTEMbl aHAJIM3UPOBATh B CIICAYIOIIUX HANpaBlIeHUSIX: 1) MOTOKH
9HEepruw; 2) MNHIIEBble IenH; 3) CTPYKTypa NPOCTPAHCTBEHHO-BPEMEHHOTO
pa3zHooOpasusi; 4) KpPyroBOPOTHl NHUTATEIbHBIX 3JIEMEHTOB (OMOTEOXUMHUYECKHUE
KPYTOBOPOTHI); 5) pa3ButHe u 3BoMonuUs U 6) ynpasienne (KHOSpHETHKA).

WNuTerpanys (byHKIMOHATBHON XapaKTEePUCTUKU JKOCUCTEMBI co
CKJIA/IBIBAIOIIMMHUCS KaTErOPUSIMH 3€MJICIIONB30BaHMS TTO3BOJISIET BHIMTH HA MPUPOTHBIHA
TEPPUTOPUATTBHBIN  (AaKBATOPHAIBHBIN) KOMIUIEKC, pacCMarphBarh Kak JaHgmadht —



«Yy4aCTOK TEPPUTOPUM WM aAKBATOPHUM, YCJIOBHO BBIIEISIEMbI BEPTUKAIbHBIMU
IPaHUIIAMH [0 HPUHUUILY OTHOCUTEIBHOM OJHOPOAHOCTH M TOPH30HTAIBHBIMH — IIO
NPUHIMITY MCYE3HOBEHUSI BIMAHUS TOro (pakropa, Ha OCHOBAHMM KOTOPOTO JAHHBIM
KOMILICKC BbIJIeTIeH» [4].

B 1abn. 2 npennoxkeHa cxeMa pa3BUTHs PETYIHPYEMbIX OTHOUIEHUN Ha OCHOBE
OObEMHEHUSI TPUPOJHOTO TEPPUTOPHAIBLHOIO KOMIUIEKCa, (B 4acTH HU3MEpSIeMOi
gaHamadTHOW cdepbl), ¢ IKOCUCTEMOM, HMCIONB3YeMOH B BHJE CEMH KaTETrOpHii
3eMJICTIONB30BaHusA.  (DyHKIMOHATBHBIE  XAPAKTEPUCTUKH  JODKHBI  OBITH
CUCTEMATH3UPOBAHBl B 3aKOHOMEPHOCTH TaKUM O0pa3oM, 4TOOBl OHU MOIJIM OBITH
JIOBEJICHBI O 3aKOHOB B COOTBETCTBYIOLIECH CHUCTEME KOJACKCOB. (DyHKIIMOHAIIbHBIE
XapaKTEPUCTUKNA DKOCHUCTEMBI, MPEACTABICHHBIE B BHUJEC IOPUANYECKUX CTaTEH,
YCTaHABIMBAIOT OAJTAHC MEXy UHTEPECaMH YeJIOBEKa B JIMIIE aKTHBHOTO OM3HECA U
rOCyIapCTBa U «OE30TBETHOM» OKPYKAIOIIEH CPEeIOi.



Tabnuna 2. Pazputne peryaupyeMbIX OTHOIIEHUHN C Y4€TOM MPUHLUIIOB, HA OCHOBE KOTOPBIX IOCTPOEHO YIIPABICHUE
KaTEropuen 3eMJIEI0JIb30BaAHU
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[IponopuronansHO
MOTOK SHEPTUH MakcumanbHbIN YUCIIEHHOCTH Bo3spacraronuit
HaceJIeHUs
MHUIIEBDIC IIEMU 3aMKHYTbIE He 3amkHyTBIE
CHmxenue
WuTencudukanus Peanusanus
CTPYKTypa 9KOJIOTUYECKHUX WNuTtencudukanus
repepacnpeneneHus TEXHOJIOTUHU
MPOCTPAHCTBEHH (bakTopoB 10 €CTECTBEHHOI0
Kiaccuueckast akonorus BOJIOPAaCTBOPUMBIX IIJIAHETapHOTIO,
0 —BPEMEHHOT0 YPOBHS CAHUTAPHO |IIOAOPOIHUS 32
XUMHUYECKHUX KJIETOYHOTO U
pa3zHooOpazus - —TMTHEHUYECKUX | CUET MOHOKYJIBTYD
COCIMHEHU I aTOMHOTO MacinTaba
HOPMAaTHBOB.
Co3nanne
ITo B.M. BepHanckomy: Ha OCHOBE CO6op u ynaneHnue buoreoxumuyeckas A
KPYTOBOPOTBI VYBenuuenue TEXHOTEHHBIX
ra3oBbIX, KOHIICHTPALIMOHHBIX, OTXOJI0B (GyHKIUS YeJI0OBeKa.
MATATEIbHBIX MHUTPAIMU aTOMOB | pECYPCHBIX ITUKIIOB
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX | KU3HEAECATEIBHOCTH Murpanus aToMOB
3JIEMEHTOB . 1pona Y MUTpAIlUU aTOMOB
1 OMOXUMUYECKHUX (DYHKITHI ounocdepnr 2 pona 3pona




pa3BuUTHE U

BOJIOLHA re0JI0rN4eCKoe HCTOpHYECKOE

yrIpaBeHme CoxpaHeHue Cpena peansanyn CoxpaHeHue 'UrneHnyYecKue u

(kubepHeTHKa) PEHETHYECKOrOo MOJENCH KpyTrOBOPOTa BOJBI B | KYJIbTYpOJIOrHYeCKUE | TEXHUKO-DKOHOMUYECKUE KPUTEPUH
donna 6uochepsl | 6uochepsl npupojie KpUTEpHUH

Peayn3anus OCHOBHBIX KOJIOTHUECKUX HHTEPECOB TEPPUTOPHH C YIETOM KaTErOpUid 3eMJICTIONb30BaHNS U (PYHKIUH SKOCHCTEMBI

Knacenpuxamus [TpeumymectBeHHO Ouochepa [IpeumymecTBeHHO TeXHOChEpa
HKOCUCTEMBI PeHMYy p peHMyI p
Css3ana ¢ CBsi3aHa ¢ U3MEHEHUSMH B TEXHOJIOTUU
Ynopsamo4eHHOCT o
b poIIECCa Casi3aHa C U3MEHEHHUSIMH BO BPEMEHH BHJIOBOW CTPYKTYPHIl M | ©3MEHEHUSIMU Y BUJaX NIEPEBOJIa SHEPTUU U3 OJTHUX
asi - MPOTEKAIOIIUX B COOOIIECTBE MPOLIECCOB. STHUYECKHUX dbopm B npyrue (aTom, XUMHUs,
p MIPOIIECCOB MEXaHHKa)
MOJINTUYECKUMU
. WHTEpecaMu, He
KonTpo:mib Cyk1ieccusi KOHTPOJMPYETCsl COOOIIECTBOM B paMKaxX CBOWMCTB . .
. OTrpaHUYEHHBIMU BanoBoit BHyTpeHHUH TPOAYKT
CYKIIECCUH buznyecKkoil cpeabl
buznUeCKUMU
CBOWCTBAMH CPEJIbl
Kpurepi [To Oxymy: MakcHMaiabHOE KOJIMUYECTBO OMOMACCHI HAa EUHUILY
CTpa6H ansaunn SHEPTUU U MaKCUMAaJIbHOE KOJMYECTBO CUMOMOTHYECKUX KauecTBo *u3nu [Tpon3BoIUTENBHOCTH TPYyJa
CBSA3EH MEXIy OpraHU3MaMHu.
. I'panocrpourenbHo- N
Konexcer [Tpuponansrit pazoctp . PecypcHbiii
TUTHUEHUYECKUI
I'pagoctpounTenbHbIA
006 0c000 0XpaHIEMBIX TPUPOTHBIX TEPPUTOPHIX. OT konekc Poccuiickoit | O Henpax. 3akoH Poccuiickoi
14.03.1995. No33-D3. denepanuu. Oenepamun ot 21.02.1992. Ne2395-1
Jlecnoit konexc Poccutickoit @enepanuu. ot 4.12.2006". Ne ®denepanpHblil 3akoH | O 3aIUTe HACSIICHHS U TEPPUTOPUNA OT
Mexommbie 200-®3 or 29.12.2004. No | upe3BBIYaliHBIX CUTYallU{ PUPOTHOTO
HHTELDHDYEMALC Bonnerit kogexe Poccutickoit deneparuu OenepanbHblil 3akoH | 190-D3. Y TEXHOTEHHOTO XapaKTepa.
pHbYy ot 3.06.2006G". Ne 74-D3. O canurtapHo- ®enepanbHblil 3aKkoH Poccuiickoit
JIOKYMEHTBI

O xxuBoTHOM Mupe DenepanbHblii 3aK0oH Poccuiickoit
Oenepanun ot 24 anpenst 1995r. No52-D3

006 0c000 0XpaHIEMBIX TPUPOTHBIX TEPPUTOPHSIX.
®enepanbhblii 3ak0H 0T 14.03.1995. Ne33-03

AMHUEMUOJIOTHIECKO
M OJarononyduu
HACeJIeHHS. OT
30.03.1999. Ne52-
@3

Oenepanun ot 21.12.1994. Ne68-D3
O npoMBIIUIEHHOH 6e30MacHOCTH

OITACHBIX MPOU3BOJICTBEHHBIX
00bekToB. oT 21. 07.199%. Ne 116-D3




IloBecTka nHA Ha
XXI| Bek

10. KommekcHBIN MOAXO0/ K TNIAHUPOBAHUIO U
palroHaILHOMY HCIIOIH30BaHUIO 3€METTbHBIX PECYPCOB
11.boprba ¢ obesneceHreM

12. PanmoHanbHOE HCIIOIB30BAHNUE YS3BUMBIX SKOCHCTEM:
00pb0a ¢ OMYCTHIHUBAHUEM U 3aCyXOM

13. ParmoHanbHOE HCIIONB30BAHHUE YS3BUMBIX SKOCHCTEM:
YCTOMUYMBOE Pa3BUTHE T'OPHBIX PAOHOB

15. CoxpaHeHune OMOIOTHYECKOTO pa3HOOOpa3us
17.3amuTa oKeaHOB ¥ BCEX BUIOB MOpEH, BKIIFOYAst
3aMKHYTHIC U MTOJTy3aMKHYTBIC MOPSI, U TIPUOPEIKHBIX paliOHOB
¥ OXpaHa, pallMOHAJILHOE MCTIOJb30BaHUE M OCBOCHUE UX
KUBBIX PECYPCOB

3. bopwba ¢ Humeroun
4. I3MeHeHue
CTPYKTYp
noTpedIeHus

5. /IlnHamuka
HaceJeHus U
YCTOHYMBOE pa3BUTHE
6. Oxpana u
YKperieHne
3I0POBBS YEJIOBEKA
7. ConenicTBre
YCTOMYHUBOMY
Pa3BUTHUIO
HAaCEeJICHHBIX MYHKTOB
8.Yuer BonpocoB
OKpY>Karollen cpeibl
U pa3BUTHS B
Mpoliecce MPUHITHS
peleHui

9. 3ammTa armocdepbl

14. CopneiicTBue yCTOMYHMBOMY
BEJCHMIO CEILCKOT0 X03MCTBa 1
Pa3BUTHIO CEIIbCKUX PAalOHOB

16. Oxoornuecku 0e30mMacHoOE
HCIIOJIb30BaHKE OMOTEXHOJIOT MU

18. CoxpaHeHue KavuecTBa pecypcoB
MIPECHOM BOJIbI U CHAOXKEHUE €10’
MMPUMEHEHHUE KOMIUIEKCHBIX TTOJIXO0/I0B
K OCBOCHHIO BOJTHBIX PECypCOB,
BEJCHMIO BOJHOI'O XO3SMCTBa U
BOJIOIIOJIb30BAHUIO

19. Okonornuecku 0e30MacHOE
yIpaBlIeHUE UCIIOTH30BAHHEM
TOKCHUYHBIX XHMHYECKUX BEIIECTB,
BKJTIOYAsl IPEIOTBPAIIICHIE
HE3aKOHHOTO MEXTYHAPOJTHOTO
000pOTa TOKCUYIHBIX U OTIACHBIX
MIPOJYKTOB

20. Dxonoruyecku 0e30macHoe
yIaJeHue OMacHbIX OTXOJI0B, BKIIIOYAst
MpEeA0TBpaIeHNe HE3aKOHHOTO
MEXITYHApOIHOTO 000pOTa TOKCUYHBIX
M ONIAaCHBIX OTXOJ0B
21.Dxonorunuecku 0e30macHoe
yAQJICHHE TBEPJIBIX OTXOJ0B U
BOIIPOCHI, CBSI3AHHBIE C OUUCTKON
CTOYHBIX BOJI

22.be3omnacHoe 1 3KOJIOTHUECKA
000CHOBaHHOE yJIaJICHUE
palMOaKTUBHBIX OTXO/I0B
34.Tlepenada HKOJIOTHYECKHA YUCTOM
TEXHOJIOTUH, COTPYIHUYECTBO U
co3JaHKe OTEHIaIa




Jns peanu3anuu yCTOWYMBOIO PA3BUTHUS TEPPUTOPUU C YYETOM KaTeTOpUH
3eMJICTIONB30BAaHUSL M (PYHKIIMI 3KOCHUCTEMBI MpEIaraeTcsa TPU CHUHTETHUYECKHUX
KOJIEKCa.

IIpuponHblii  KOJIEKC TMPUMEHAETCS Uil  Kareropuil  3€MIICTIONb30BaHUS,
BBIMOJHSIONINX ~MPEUMYIIEeCTBEHHO (GyHKIMM Ouocdeprl. Takoe ympoieHue
00yCJIOBJIEHO TeM, 4TO Ouocdepa SBISETCS HCHBITHIBAEMON YacThbiO MPUPOIHO-
TEPPUTOPUAIBHOIO KOMIUJIEKCA, KaK MCTOYHHMK PECYpCOB, TaK M OOBEKT OXpaHbI B
uHTepecax Oyaymux mnokoneHud. Tperuit Ouoreoxmmuueckuit mnpuHnun B.M.
BepHasckoro coo0miaeT, 4To KOJIMYeCTBO JKMBOTO BEIIECTBA, KAK HA00p XUMHUECKUX
AJIEMEHTOB HA IUIAHETE, C OMPEHEICHHOIO BPEMEHU SIBISAETCS MOCTOSSHHBIM U HE
BAYKHO, M3 KaKNX OMOJIOTUYECKUX OOBEKTOB OH Oy/IEeT CKJIaIbIBATHCSI.

I'pagoCTpOUTENbHO-TUTUEHUYECKUA KOJIEKC TMPUMEHSIETCS ISl  KaTeropuu
3eMJICTIONH30BAHUSI B HMHTEpecax HE TOJBKO OW3HEca, HO W Pa3IMYHBIX CJIOEB
HACEeJICHUs, MPOKUBAIOIIMX B HACEJIEHHOM NyHKTe. Bce rpakJaHe HaceleHHOro
IYHKTa UMEIOT paBHbIE MpPaBa Ha OJaronpusTHYIO cpeay ooutanus. OIHaKO HAJIUYKE
UCTOYHUKOB HETaTMBHOTO BIMAHUS Ha 3J0POBbE M CAHUTAPHO-TUTHEHUYECKAs
HEOTHOPOJIHOCTD TEPPUTOPUH MIPUBOASAT K COLIMAJIbHO-TUTUEHUYECKOMN
muddepennpanu obmecTBa. CUIOMUHYTHas MpUOBLIL OM3HECA COMPOBOXKIACTCS
HETaTUBHBIMA  OTHAJICHHBIMH  TOCJEACTBUAMHM Uil HWHAMBUIA, Pa3JIHMYHBIX
COLIMAJIbHBIX TPYIIN U 0OIIECTBA B IIEJIOM.

PecypCHBI  KOIEKC TNPUMEHSETCA Il KATETOPUU  3EMJICIOJIb30BaHMS,
WHTECHCU(DHUIUPYIONTUX MPUPOAHBIC TIporiecchl. [IoTpeOHOCTh B PECYPCHOM KOZIEKCE
ompenensieTcss mpodjieMaMu yCTOWYMBOTO PAa3BUTHUS JJIS HACTOSIIAX M OymTyIux
nokosnieHuid. buocdepa sBasercs Oypepom, rae oTXoAbl TEXHOCHEPDI, BKIIOYASCh B
OMOTCOXMMUYECKHE IUKIbI, TIEPEBOJATCA W3 AaKTUBHBIX (GOpM B  cpene
KUA3HEICITEIbHOCTH YEJIOBEKAa B HMHEPTHOE cocTosiHUE. [l03TOMY KONMMYECTBO
«Ouocdepb» TOIKHO OBITH PaBHO BO3PACTAIONIMM PECYPCHBIM ILIMKJIaM, 0COOEHHO
CO3/1aBa€MbIM MHUTpaIuel aToMoB 3 poja.

IIpuBeneHHble TpU MPOEKTa KOAEKCOB BMECTE€ C TPAXIAHCKAM JOJIKHBI
00pa3oBbIBaTh IKOJIOIMYECKOE 3aKOHOMATeNbcTBO Poccuiickoit @enepannu. Tonbko B
TaKOW COBOKYIHOCTH JIEMCTBUSI OCHOBHBIX KOAEKCOB, KaK 3aKOHOAATEIIbHBIX AKTOB,
COJIEpXAlIMX CUCTEMATHU3WPOBAHHBIE HOPMBI C YYETOM HMHTEPECOB BCEX CIOEB
HaceJeHUss U  TMOKOJIGHMH, BO3MOXHBI  MPHUPOAOINpPeoOpa3oBaTelibHblE U
MIPUPOIOIIOIB30BATEILCKUE MPOEKTHI, 0€3 MOCISAYIOMNX KPU3UCHBIX SBICHUN H
PEBOTIOITMOHHBIX TIPEOOPA30BAHUIA.
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PA3BNTUE ®OTOIrPAMMETPN B POCCUN
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Siberian State Academy of Geodesy (SSGA)

10, Plakhotnogo Ul., 630108, Novosibirsk, Russiaddtation,
e-mail: antipov@online.nsk.su

THE DEVELOPMENT OF PHOTOGRAMMETRY IN RUSSIA

B Poccuu unTepec k dotorpammeTpun mposiBuiics B koHIe XIX Beka. B atom
HaNpaBJIeHUH pabOTalld MHOTHE SHTY3HACThl — YU€HbIE, HHXKEHEPHI, n3o0perarenu. C
NEPBBIX IIaroB pa3BuTHE (OTOrpaMMETPUM IMONUIO KaK MyTeM 3auMCTBOBaHUSA
MHOCTPAHHOTO OIBITa, TaK W 3a CYET pPa3pabOTKU COOCTBEHHBIX OPUTMHAJIBHBIX
penieHuii 1 00opyaOBaHUS.

B 1885 B Poccun 6nu1a co3nana Bo3ayxormaBaTenbHas KOMaH 1a, KOMaHIUPOM
KOTOpOM Ha3HaueH BoeHHbIN nHxeHep A.M. KoBanbko. B mae 188G. oH BeINOSHUI B
nepBoe B Poccum ¢ororpadmpoBanue ¢ BO3IYIIHOTO Iapa BO BpPeMs IOJeTa Haj
Cankr-IletepOyprom. JIyisi cheMKH C Iapa WCIIOJNB30BANIACh CIElUalbHAs Kamepa,
ckoHctpyupoBanHass B.J. CpesneBckum. C 1887 1. ¢dororpadpupoBanue
OCYIIECTBISIIIOCH Ha ()OTOTIICHKY.

[TepBas doroTeogonuTHas chemka Obuta cuenana H.O. Bumnepom na KaBkase B
1891rony.

Kpynaeim nponaranauctom ¢otorpammerpun siisuicst P.HO. Tune, xoropsrit
nosryunst oOpazoBanue B JIpe3aene, a BnocieAcTBUU padbotan B MuHucTepCcTBE MyTen
coobmenust Poccuu. B 1896G. PYO. Tune nocetun psn crpan Eponsl u CIIA, rae
M3YYMJI OMBIT MPAKTUYECKOro MpuMeHeHus (ororpammerpudeckux metonos. [lon
pyKoBOJACTBOM M mipu HemocpenctBeHHoM yuactun P.IO. Tume B 1894 Obuia
BbINIOJIHEHA  (oroTtonorpaduyeckass CcheMKa Il [POEKTUPOBAHMS  JIMHUH,
CBSI3BIBAIOIICH >Kese3Hble Toporu 3adaiikanbs 1 Manswkypun. CocTaBlIeHHBIN TUIaH
C HAHECEHHOM HAa HEro 3alpOCKTUPOBAHHOM  JKEJIE3HONOPOXHOM  JINHUEHN
sKcnoHnpoBaiica Ha [lapmxckoit BcemMupHOM BBICTaBKeE.

B mnocnenyroume ronet PHO. Tune ocymiectBun psif APYrux CbEMOK JJIst
M3BICKAHMS JKEJIE3HBIX JOPOT M CTPOUTEIHCTBA KPYITHBIX COOPYKEHUU, HCTIOIB3YS
P 3TOM KaK (POTOTEOOJIUT, TaK U CbeMKY ¢ Bo3ayiiHoro 1mapa. B 189%. P1O. Tune
CKOHCTPYHMPOBAJl CIICMANIbHBIN (poToammapat — «raHopaMmorpad>», B KOTOpOM BOKpPYT
LEHTPAJIbHOW KaMephl C OTBECHOM ONTHUYECKOW OCBHI0 pa3MEeNianoch €IIe IIEeCThb
KaMep C OTKJIOHEHHBIMU ONTHYECKUMU OCSMHU, YTO MO3BOJISJIO MOJYYHUTHh IMOJTHOE
naHopaMHOe M300paxkeHue MectHOCTH. [lanopamorpad Obul cHAOXEH crelaibHbIM
YCTPOMCTBOM, MO3BOJISIBIIUM 3aTBOpPaM KaMephbl OJTHOBPEMEHHO CpadaThiBaTh TOJIBKO
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IIPU TOPU30HTAJIBHOM ITOJIOKEHUN IPHUKIATHONM PaMKHM LIEHTPaJIbHOM KaMepbl. B
1902. myrem mepemelieHus: adpocTara ¢ YCTAaHOBJICHHBIM Ha HEM MaHopamorpadom
ObL1a BeINOJHEHA TiepBasi B Poccum mapiipyTtHas poTochemka.

B 1908-1909r onybnukoBaHa TpexTtoMHas MoHorpadus PIO. Twune
«DotoTonorpaduss B COBPEMEHHOM pa3BUTHM». B Hell ObLIM TPOaHAIM3HPOBAHBI
HazeMHas (Qororpammerpusi, crepeodoTorpaMMeTpusi W BO3AYIIHAs ChEMKa,
OMKCaHbl BCE U3BECTHBIE B TO BpeMs MPHUOOPHI, METOABI 00pabOTKH (POTOCHUMKOB,
oOnactu nmpuMeHeHus: GOoTorpaMMETPHUH.

Benuka ponbs U Apyrux cCoenualvcToB, MHOTO cienaBiinx B Hayane XIX Beka
i craHoBieHus: ¢ororpammerpun B Poccum. Taxk B.®. HaiineHoB BbIMONHUI
nepBeie  pabOThl MO MOCTPOCHUIO IIJJAHOB IO BO3AYIIHBIM CHUMKaM. OH
CKOHCTpyupoBai ¢ororpanchopmMaTop A MpeoOdpa3oBaHUs HAKIOHHBIX CHHUMKOB B
ropuzoHTanbHbie. B 190&. u3nana ero kamra «/3mepurenvHas (ororpadus u ee
NPUMEHEHUE B BO3IYXOIJIABAHUN.

Kak 1 Bo BceM Mupe, MOIIHBIA TOJYOK pa3BUTHIO GoTorpammerpuu B Poccuu
OPUHECIO CTAHOBJIEHUWE aBHAIMM. MHOro BHUMaHUA a3pOPOTOCHEMKE U
dboTorpaMMeTpUM CTaju YAENsATh BOEHHBbIE BeIOMCTBA. B pycckoil apmuu Obuia
co3maHa a’podoropasBenoBarenbHas ciyx6a. B 1913, BoennsiM nHxxkenepom B.O.
[lorre ObUT W300peTeH IUICHOYHBIM a’podoroanmapar s MaplIIpyTHOH W
IUIOIIAJIHOM ChEMKHU C camoJsieTa. B mepuon rnepBod MUPOBOW BOMHBI BCE KPYIHBIC
BOCHHBIE Olepanuu Ha (PPOHTAX COMPOBOXKIAINUCH MPOBEACHUEM a3pO(OTOCHEMKH.
A3po(OTOCHUMKH paccMaTPUBAIUCh U KaK CPENICTBO JJI Pa3BEIKH, U KaK UCXOAHbIC
JaHHbBIE IS UCIIPABIICHUS TOMOTpapUUecKUX KapT U CO3JaHMsI HOBBIX IUIAHOB JUIS
BOCHHBIX LEIICH.

B 191#4 B Poccum mpowusonuid aBe pPEeBOJIOLMHU, 33 KOTOPBHIMHU IMOCIENOBAa
rpaxkIaHcKas BoliHa. B pesynbrare B cTpaHe Oblja CBEprHyTa MOHApXusi, Ha CMEHY
KOTOPOM MpHILIES HOBBIM OOIIECTBEHHO-TIOJUTHYECKUN CTpoil. B rpanuiiax npexHei
ctpanbl oOpazoBasics Coro3 Coperckux Conmanuctuueckux Pecnyomuk (CCCP),
apoM KoToporo crana Poccus. OgHUM U3 MEPBBIX JIEKPETOB HOBOW BIIACTU OBLIO
yupexaeHo Briciiee reoje3nueckoe yIpaBieHUE, Ha KOTOpOE€ ObUIM BO3JIOKEHBI
(YHKIIMU TOCYIapCTBEHHON Teo/ie3ndyeckoi u kaprorpaduueckoit ciyx0bl. B 3anaun
ATOW CIY>KObl BXOJMJIM M PEryasipHble ToHorpauyeckue ChbEMKU TEPPUTOPUU
cTpanbl. B mocnemyromue  roabl  rocydapcTBEHHash — reoje3udeckas U
Kaprorpaguyeckass ciayx0a HeogHOKpaTHO pedopmupoBanach, ¢ 1992 ona
umenyercsi Pockaprorpadusi.

[lepuon passutus ¢ororpammerpun B CCCP, oxsarsiBatomuii 1917-1991r,
MOXXHO YCJIOBHO Ha3biBaTh CoOBeTCKUM. XoTs CCCP oObenuHsT HECKOIBKO
pecnyOInuK, OCHOBHBIE  TMPOLECCHI, ONpelesIBUIME  JIMIO  COBETCKOM
dororpammetpun, cBszanbl ¢ Poccmeit. B 199 CCCP pacnancs nHa 15
HE3aBUCUMBIX TOCYIAapCTB, B KOTOPbIX BHOBb M3MEHWINCh COIMAIbHBIE W
sKOHOMHUYECKHe 3akoHbl. Ha cBoeit Tepputopum Poccus mnpunsana Ha ceOs Bce
Hacinenue CCCP, B ToM yucie u B obOnactu gororpammerpuu. [loatomy ecth Bce
OCHOBaHMS paccMarpuBaTh UCTOpUIO (hoTorpammeTpun B Poccun, Kak OHO LIeNoe ¢
COBETCKHM IEPUOJIOM.



VYxe ¢ ocenn 1918. mnavanoce mnpoBeAeHHE a’POPOTOCHEMKH IS
KapTorpaguueckux uesueit. [IpumepHo B TO ke BpeMsi B BOGHHO-BO3/YIIIHBIX BOMCKaX
Oblma  opranu3oBaHa  AspodoTorpamMMmeTpuyeckas IIKoJIa C  OTACJICHUSIMHU
aspodorocheMku, (oromabopaTtopHoit 00paboTku u ¢doTorpammeTpur. Bckope
(hoTOorpaMMETPHIO CTAJIM MPENoaBaTh U B APYruX yueOHbIX 3aBeneHusx: ¢ 192G~ —B
MockoBckuii MexxeBoM HMHCTUTYTE, ¢ 192k, — B BoOeHHO-UH)XEHEpHOU akaJeMuu
(BmocienctBun  BoeHHO-uH)KeHepHBIH yHUBepcureT), ¢ 1923 — B Boenno-
tororpaduueckom yuwimiie (Brmocieactsuu Cankr-IlerepOyprekuit ¢pmman BUY).
B 1925. B MOCKOBCKOM MEXEBOM HWHCTUTYTE ObLIa OpraHu3zoBaHa Kadempa
dboTorpamMmeTprueckoro mpoduis, PYKOBOACTBO KOTOpPOM Bo3nokeHo Ha H.M.
Agnexkcanonbckoro. BrocnenctBuu sra kadenpa pasgenuwiach Ha ABe — Kadeapy
dbotorpammeTpun u kadeapy adpodorocbeMku. K mpernonaBanuio ObLUTH MTPUBICYEHBI
B.C. Iser-Konsauuckuit u IL.II. CokonoB. 31ech Hauald CBOIO MEIaroruyecKyro
nesrenbHocTh A.C. CxupunioB u @.B. [IpoOsimeB. 3aberas Briepes, OTMETHM, UYTO B
1930 MOCKOBCKHI MEXEBOW HWHCTUTYT pa3le/IUCI Ha JBa CaMOCTOSTEIbHBIX
BBICIINX YYCOHBIX 3aBeieHHs — MocKoBckuit reoaesndyeckuii HHCTUTYT (MUNTAuK)
1 MOCKOBCKHI MHCTUTYT 3eMiieycTpoiicTBa (HbIHE [OCYmapCTBECHHBIH YHUBEPCUTET
0 3eMJICYCTPOICTBY). B cocTaBe mocienHero uMesnach kadenpa a3podororeoe3un.
B 1932 kadenpa dotorpammerpun Oblla OpraHu3oBaHa TakXke B BoeHHO-
UH)KeHepHOW akajmemuu. IlepBeiM 3aBenmyromuM d3T1od  kKadeapsr crtan H.M.
AJIeKCanoJIbCKAN.

C 192Q. nayanoch Co3aHUE a3pPOTeOAC3NUECKUX MPENNPHUITHIA, 32 KaXKIbIM U3
KOTOPBIX ObLTAa 3aKperieHa ompeeieHHas TeppuTtopus. [IpeqnpustusM BMEHEHO B
00sI3aHHOCTh ~ MPOM3BOACTBO  BceX  Tomorpado-reofe3nvyeckux  paboT  Ha
3aKpEIUVIEHHOW  TeppuTOpuH. B cOoCTaB  KaxAOro  OPEANpPUATHS  BOILIA
doTtorpammeTprueckue 1exa. [locTeneHHO ceTh a’poreone3nvdeCKuX MPEAIPUITHIA
pacmMpuiiack 10 TpeX JeciITKoB. B cBoedl JeATeNbHOCTH  MPEAIpUSITHS
PYKOBOJICTBOBAJIMCH €AMHBIMH OOIIET0CYIapCTBEHHBIMA HOPMAaTUBAaMU U TIJIaHAMMU.

B 1923. 6su10 co3nano 100poBoibHOE 0011ecTBO JJ0OpOoseT, a B ero cucreMe —
rocylapcTBeHHOe Oropo a’spockeMku Bo TmaBe ¢ M.Jl. bonu-bpyepuuem,
JETHOCHEMOYHBINM oTnen B kotopoM BosmtaBui B.C. IBet-Komsiamuckuii. Kpome
TOro, OBUT CO3/laH OTAEN a’pOChEeMKH Mpu YKpBO3AyxmyTh. [lozaHee oba 310
noJpa3AesieHus CIWIMCh B €UHOE TocydapcTBeHHOe mpenmnpusitue ['ocaspocbemMka,
KOTOPOE BOIUIO B CUCTEMY BBICIIET0 reo1e3M4eCcKoro ypaBIeHHUS.

B 1923-1924r. coBeTckoe MpaBUTEIBbCTBO OTITYCTHIIO 3HAUYUTEIbHBIE CPEICTBA
Ha U3TOTOBJICHUE OTEUECTBEHHBIX MTPHUOOPOB, a TAK)KE HAa MPUOOPETEHUE 3a TPAHUIICH
HOBeiIero o00OpyAOBaHUs sl IETHOCHEMOUHBIX U (DOTOrpaMMETpHUECKHX padoT.
Ho orpoMHas miomane CTpaHbl HE TMO3BOJSIIA OPUEHTHUPOBATHCA TOJBKO Ha
JIOPOTOCTOSIINE, CJIOKHBIE U BBICOKOTOUHBIE CTEPEO(OTOrpaMMETPHUIECKHE TPUOOPHI
Tuna crepeomianurpada. bbputo sicHO, 4YTO AN OBICTPOro TOHOrpaduyecKoro
KapTorpagupoBaHus HEOOXOAMMBI 0oJiee MPOCThie W 0oJiee MPOU3BOAUTEIbHBIC
(boTOrpaMMeTpUUECKUE METOIBI.

[Ipexxne Bcero, BHUMAHUE YYEHBIX M IPOU3BOJCTBEHHUKOB IMPUBIIEK
KOMOWHHPOBAHHBIM METOA ChbeMKH. [Ipu 3TOM il mOy4YeHus KOHTYPHOR Harpys3ku
toniorpauyeckol  KapThl ~ W3TOTaBIMBaJICS  (OTOMIIaH,  KOTOPBIA  3aTeM



nemuppupoBaIcs B Moje, a pelibed) MECTHOCTH OTOOpaKkaJics MyTeM MEH3YIbHOU
cbeMkd. OnopHbIE TOUKH, HEOOXOAMMBIE i TpaHCHOPMUPOBAHUS CHUMKOB U
MOHTaXa (OToIUIaHa, B TIEPBOE BPEMSI OMPENECSUINCh U3 TMOJEBBIX I'EOAE3MYECKUX
u3MepeHut, a ¢ 1929 1. gama 3TOrO0 CcTajdM MCIHOJIb30BaTh Trpaduyeckyro
dotorpuanrymsauuio. s TpanchopmupoBaHuss (HOTOCHHUMKOB — MPUMEHSIINCH
dororpanchopmarop Pyccuns (Dpaniusa) u  Hemenkuid  gororpuachopmarop
JlropTounwa, ycoepmencTtBoBanubli H.M. Anekcanonbckum u I1.I1. CokosoBBIM.
Kpome Toro, ucnonbzoBaics tpanchopmaropsl MM (MOCKOBCKOTO T€01€3UIECKOTO
uHcTtHuTyTa) U ipodeccopa [1.I1. Cokonora. J{ns npuBeneHust K Hy)KHOMY MacmTaly
ceTel (POTOTPHAHTYISAIMK U YBSI3KM WX ObUI HaNaXeH BBIMTYCK peaykropoB H.A.
[Tonoga.

Bonpmas 3acmyra B pa3paboTke W BHEAPEHWH KOMOMHUPOBAHHOTO METOJa
npuHagiexutr mnpopeccopy H.M. Anekcanmonmsckomy. [lomumo mocnenuero,
NUOHEpaMH TMpUMEHEHUs rpadudeckoil gororpuanryisiuud B crpanHe crtainu O.B.
Hpo6simies 1 M.JI. KonmiuH, onupaBiimecss Ha Teoperuyeckue uccneaoanus C.
duncrepsanbaepa (lepmanus) u I.I1. XKykosa.

[IpeanpuHUManuMch MONBITKA 3aMEHUTh Tpaduueckyro (OTOTPUAHTYIIALIMIO
Oonmee coBepiieHHbIM BapuanToM. B 1929 B.®. [leifineko paspabotan
aHAJIUTUYECKUNA BapHaHT (DOTOTPUAHTYIALMH. 3aBOJ «A3pOreonpuOOp» BBITYCTHII
HECKOJIBKO JK3eMIUIIpOB Haaup-Tpuanryiasitopa @.B. JpoObimena. IT1oT mnpudop
MO3BOJISITT BBIMOJNHATH TAaKUE K€ OMEpalid, KaK M pagua-TPUAHTYISITOP (UPMBI
«Kapn Leficc». Ho Bce xe rpaduueckas (OTOTpUAHTYISALMS JOJATOE BpeMs
OCTaBaJlaCh OCHOBHBIM METOJIOM IUIAHOBOTO CTYIIEHHUA. JIMIIb MHOTO JIeT crycTs
HayajJl HCIOJIb30BaTh (DOTOMOIUTOHOMETPHIO, XOTS MPUHIUI €€ ObLI MPEeNokKeH
®.B. [IpobsimessiM enie B 1930

Hapsiny ¢ Ttomorpaduueckum kaprorpagupoBanueMm, B koHie 20X romoB
IPOLUIOr0 BeKa a’podOoTOCheMKYy U (OTOrpaMMETpPHUIO CTajlu MPUMEHSTh U AJiA
pelieHus 3a7ay, CBS3aHHBIX C HCCJIENOBAaHMEM U MCIOJIb30BAaHUEM MPUPOIHBIX
pecypcoB. B 1925 non pykooactBom II.M. OpnoBa u B.M. Ilnatona Onuia
BBITIOJIHEHA OMBITHAS a’pocheMka jeca B TBepckoil ryoepuun. CpaBHeHHE (POTOCXEM
C IUIAHIIETaMH TPAJUIMOHHOW K TOMY BPEMEHH HA3eMHOW ChEMKH MOKa3ajio, YTO
(dboTOCHUMKHU AatoT OoJsiee JeTalbHYI0 MH(POPMALIMIO O COCTOSHUU Jieca. B Tom ke
rogy ObljIa co37aHa OopraHu3alys, B3sBIlas Ha ce0s 3a00Thl 00 a3podoTOCHEMKE IS
HYXJ 3emieyctpoictBa. B 1926-192¥r. non pykoBoactom B.®d. [leiinexo u H.H.
BecenoBckoro ObutM BBIMOJIHEHBI MEPBbIE OMBITHO-IIPOU3BOACTBEHHBIE PAOOTHI MO
a’poChEMKE TOpoIoB. brina Takke mpoBeneHa ChbeMKa yyacTka peku Boura ¢ mensio
u3ydeHus: (papBaTepa peku U nepekaroB Ha Hedl. Ha Oonbioil miomany nmpoBeaeHa
a’pocheMKa ISl M3bICKaHUs Tpacchl TypkecTaHO-CHOUPCKOM >Kene3HOW AOpOrH.
[TomyueHHBI OMBIT M pa3paboTaHHbIE METOAMKH IMEPEUMCICHHBIX paboT Jeru B
OCHOBY MOCJIEIYIOIIUX AHAJIOTMYHBIX ChEMOK.

[loHsiTHO, YTO KOMOWMHHUPOBAHHBIM METOJ  TOMOrpadUUEecKol ChEMKH,
ONMUPABIIUNCS HAa MEH3YNy, OBl HENpueMyieM [JIi ChEMKH TOPHBIX palOHOB.
[Tostomy B 1929-193¥r Ha Oonbmioi paiton Ilamupa xaptel macmTaba 1:100000
ObUIM CO3[laHbl C TMOMOIIBI0 HAa3eMHOW crepeodoTorpamMMerpuueckoil chemMku. Ho
KOMOMHUPOBAHHBIA METO/I HE MOT' OOECIIEUUTh ONEPATUBHOE OTOOpaxkeHue penbeda u



Ha OOLIMpHENIINX paBHUHHBIX Tepputopusix crpansl. B 1928. B Mockse Obu1 co3nan
IocynapcTBeHHBbI MHCTUTYT Teoie3und u kaprtorpaduu (Heime [[HUWIAuK), a B
cienywmeM rony — HaydHo-nccnenoBaTenbCKUii HHCTUTYT a3pOoOTOCHEMKH B
Jlenunrpane (apine Cankr-IleTepOypr). BmocneactBuu 3T 1Ba MHCTUTYTA OBLIH
oObenuHeHbl. CHenuanucTbl 3TUX WHCTUTYTOB BMecTe C YydeHbIMU H3 HayuHo-
UCCIIeI0OBATEeIbCKOTO HMHCTUTYTa BoeHHo-Tonorpaduueckoi ciayxObl 3aHSUIUCH
ouckoM 3 ()EKTUBHBIX CIIOCOO0B CheMKH pelibeda 1o adpodoTocHUMKaM. PaboTsl B
ATOM HANpaBICHUU MPOBOUIIKNCH U B BBICIIUX YYCOHBIX 3aBEICHUSX.

XoTs BeChbMa OTpaHMYEHHO, HO Hallled MPUMEHEHHE YHUBEPCAIbHBIN CHOCO00,
peaycMaTpUBaIOIIHA 00paboTKy CHHUMKOB Ha aHaJIOTOBBIX
cTepeodororpaMmeTpudeckux mnpudbopax. Ho Ha 1omi0 ero mpuxoauinch JUIIb
€IMHUYHBIE TPOIEHTHl BCEH MIomaAn a’dpodoTOTOnorpapuiecKux ChEMOK.
Teopernueckue wucciaenoBaHWs 1O 3TOMY HalpaBlIeHUIO, 0000mIamue U
oOorainaroiime 3apyoekHbIN ONBIT, BbINONHEHBI Mpodeccopom A.C. CKUPUIOBBIM.
UM  npenjoxkeH  MeTol — NPONODKEHUM, — TMO3BOJSBIIMKA  0OpabarhIBaTh
nocyenoBaTelibHble cTepeonapbl MapuipyTa. [lo ero uHUIMATHBE YCTaHOBIIECHA
CBETSIAsiCA 1BETHAsi M3MEpUTENIbHAas Mapka Ha mpuOope, MOMyYUMBLIEM Ha3BaHHE
«CTEPEOyHUBEPCAI», KOTOPBIM BBIMYCKaJCs B HEOObIIOM KojudecTBe B 1931-193or.

Opnnaxo ['ocynapcTBeHHas reojie3ndeckas U kaprorpapuyeckas ciayxoa cTpaHbl
HE pacroJjiarajia B TO BpeMsi IpUOOPOCTPOUTEIbHBIMU MPEANPUATUIMH, CTIOCOOHBIMU
HAJTaJuTh LIUPOKUN BBIMYCK CIOXKHBIX  (POTOTPAMMETPUUYECKUX  MPUOOPOB.
Enunnunbie ke 00pa3ipl yHHMBEpPCAJbHBIX (OTOTpAaMMETPUUYECKUX TPUOOPOB,
3aKyIUICHHbBIE 32 PyO€KOM, He MOIIM PEIINTh 33434y KapTorpagupoBaHHs CTPaHbI.
[TosToMy ycunMsi CHEUaNWCTOB OBLIM HAMpaBiEHbl HAa CO3/laHUE 0o0Jiee MPOCTHIX
CHOCOOOB ChEMKHU peibea MECTHOCTH.

[IpumenutenbHO K TOomorpaguueckuM cbhemkam B wmacmrabax 1:50000 u
1:100000c ceuenuem penbeda 10 meTpoB u OoJiee Ha4aIO OJHOMY W3 YIIPOIIECHHBIX
crioco0o0B nonoxui [,d. 'anouko, NpeaiioKUBIINI BBIIOIHATh PUCOBKY C TTOMOIIBIO
crepeockona. [IpenBapuTenbHO Ha CTEPEOMOAEIM HEOOXOAMMO ObLIO OMPENEIHUTh
BBICOTHI OOJIBILIOTO YHMCJIa MUKETHBIX TOYEK, pa3Mellas MX Ha XapaKTepPHBIX TOYKaX
penbeda. g  ompeneneHus  BBICOT  MHUKETOB  TPeOOBAJIOCH  BBINOIHUTD
(boTorpaMMeTpUUECKOe CTYIIIEHUE B MPE/Ieiax CTePeonapshl.

Jlnst Bcero MacmtaOHOro psijia 3ajadyy pPUCOBKH peibeda Mo mape CHUMKOB
pemn @®.B. [poOblieB, NpeAsoKUBIINN CPAaBHUTENBHO MPOCTONW MpHOOp —
tonorpaduyeckuid ctepeomerp. Hagano BellTycka TOmorpauueckux CTEPEeOMETPOB
Ha 3aBojie «Asporeonpudop» otHocutcs k 1933 Dtot nmpubop mpencrasisisi coOoit
M3MEPHUTENbHBIN CTEPEOCKON C KapeTKaMH CHUMKOB M BU3HPHBIMH MapKaMU B BUJE
HUTel. B KkapeTku yKIaJpIBaluCh KOHTaKTHble oTnedaTku. I[lpubGop wumen
KOPPEKIIMOHHBIE MEXaHU3MbI, KOTOPbIE KOHTPOJIUPOBAJIM B3aWMHOE MEpEeMEIICHUE
KapeToK W u3MepuTelbHbIX HuTed. [Ipu Haanexamiel ycTaHOBKE KOPPEKIIMOHHBIX
MEXaHM3MOB OTCUET MO BUHTY MPOJAOJbHBIX IMapaIaKCOB OCTAaBAJCsS IOCTOSIHHBIM
JUISL BCEX TOYEK CTEPEOMOENH, HUMEIOIUX OJWHAKOBYIO BBICOTY. VICXOQHBIMU
JAHHBIMM JUISI OPUEHTUPOBAHUS CHHMKOB Ha TOMOrpauyeckoM CTEpeoMeTpe
CIIY’KWJIM TOYKH C U3BECTHBIMHM BBICOTAMH, Pa3MEUIEHHBIMH MO CTaHJIAPTHOM CXEMe.
3areM Ui KQXJIOWM TOPU3OHTANM  TMOJCYMTHIBAJICS HYXHBIM  OTCUET TIO



MAPAJUIAKTUYECKOMY BHHTY M TOYKM TOPU30HTAIM OTMEYAJIMCh HA MPABOM CHUMKE
KapaHJallloM B MECTaX, 7€ MPOCTPAHCTBEHHAs M3MEPUTENbHAS HUTh IEepeceKasa
OBEPXHOCThH CTEPEOMOJIEIIN.

[lepBoHauanbHO TOMOrpaUUYECKUl CTEpEOMETp NpeIHa3HayaIcs [Jsi pUCOBKHU
penbeda Mpu CPaBHUTENIBHO HEOOJNBIIMX PA3HOCTAX MPOAOIBHBIX MapalljlakCoB, HE
OPEBOCXOASAIIMX HECKOIBKUX MUIMMETPoB. Ho mozxe mo pexomenpaunu M.JI.
Konmmna B nmpuGop ObUIM BBEAEHBI TOMOJHUTEIbHBIE KOPPEKIIMOHHBIE MEXaHU3MBI,
YTO Pa3ABUHYJO TPaHUIBI O0JIACTH MPUMEHEHHUs MpUOOpa BIUIOTH 10 00pabOTKH
CHHUMKOB I'OpHBIX PalOHOB.

JIns mepeHoca ropru3OHTAIEN Ha IIAHOBYKD OCHOBY CHHUMOK C T'OPU30HTAJIIMHU
dotorpadupoBancs C  yMEHBIICHWEM W  TOJXYYCHHBIM  HEraTWB  3aTeM
TpaHC(OPMUPOBAJICS C TOMOIIBI0 CHENHATBLHOTO TpoekTopa. B HeoOXoammbix
Cllydasx TpaHC(hOPMHUPOBAHHUE OCYIIECTBISIOCH IO 30HAM.

Jnst  ompeneneHuss  BBICOT — TOYEK, HEOOXOIMMBIX JUIsl  MPABUIIBLHOTO
OpUEHTHUPOBAHUSI CHUMKOB CTEPEOINapbl Ha TOMOrpaUuecKOM CTEpEeoMETpe, ObLIO
BBICKA3aHO HECKOJIBKO MPEIIOKEHUI.

W B Hacrosiliee BpeMsi COXpaHSET TEOPETHUUECKUN HHTEPEC «Croco0 MpsMoi
TUHUW», pazpadotanubiil [.B. PoMmanoBckum. Crioco6 mo3BOIIsUT ONPEAEIATh BHICOTHI
TOYEK 1O (POTOCHUMKAM C TIOMOIIBIO HM3MEPUTENBHOrO crepeockona. Jis
peanuzauun 3Toro crnocoba @.B. JlpoObllieB mnpemioxkuwi NapalakKTHYeCcKue
cUHycHble nuHelku. Waes cmocoba Oa3upoBanach Ha TOJOKEHUH, MO KOTOPOMY
MCKKEHUS KOOPJMHAT U MapaJUTAKCOB JJIsi OJIM3KO PACIOIOKEHHBIX TOUYEK CHHUMKOB
MOYTH OJMHAKOBBI. [[03TOMY pa3sHOCTH KOOPAMHAT W MAPAJUIAKCOB TAKUX TOYEK
MOXKHO, JIO HEKOTOPOU CTETCHH, CYMTATh MPABIIBHBIMUA. BbIOupas ompenensemMyro
TOYKY PSAJIOM C MIPSMOUW JMHHUEH, COCIUHSIONIEN JIBE HCXOJHBIE OIMOPHBIE TOYKH,
MOXHO IOJYYHTh BBICOTY ONPEACISIEMOW TOYKH, M3MEPUB PA3HOCTH MapaliakCoOB
MEXIy AITOM TOYKOM W OMKaliieMy K HEH NyHKTY MPSMOM JIMHUHM, a TaKkxKe
UHTEPIOIUPYS Ha ONMKAUIIUNA MyHKT BHICOTHI UCXOHBIX OMIOPHBIX TOYEK.

I'.B. Pomanosckuit u M.J[. Konmun pazpaboranu a1t GoTOrpaMMeTPUIECKOTO
CTYUIEHUSl «CIOCOO0 HEUCKAKEHHON Mojenu». IDTOT Cnoco0 OCHOBBIBAJICA Ha
NOJIOKEHUU, 1O KOTOPOMY B CHCTEME KOOpPAMHAT CTEpPEOIaphbl CyIIECTBYET
3aBUCHUMOCTh MEXIY IOINEPEYHbIMU MapaUIaKCAMU U HUCKAXKEHUAMHU IPOJOJIBHBIX
napajulakcoB ux. V3MepuB mnomnepeyHble NapaulakChl pslla TOYEK CTEpEOoNaphl,
MOXHO C UX IIOMOIIBIO BBECTH IIONMPAaBKH B NPOJOJbHBIC MapajulakChl, a
CJIEA0BATEIbHO — MOJYYUTh HEHCKAXKEHHBIE BBICOTHI TOYEK. [ peanus3anuu 3TOro
croco0a moTpedOBaAMCh CTEPEOKOMITAPATOPHI M OBIJIO HATAXKEHO MPOU3BOJCTBO X,
NpU4YeM B KOHCTPYKIIMU Tpubopa HaIUIM OTpakeHWe mnpemiokenns [.B.
PomanoBckoro. lMcrmonb3oBancss Takke <IIpEHU3UOHHBIN  crepeoMerp» @.B.
JHpoOsbImieBa. ITOT npubdop, MO CyTH Jeia, MPEACTaBIsI co00M CTepeoKoMmaparop,
CHAOKEHHBIN KOPPEKIIMOHHBIMA MEXaHU3MAMH.

MeToapl NpsAMON JTUHUU W HEUCKAKEHHOM MOJENU HE MOJYYHJIA OOJIBIIOTO
pacnpoctpanenus. llpenmourenve OBUIO OTAAHO BapuUaHTy, pa3pabOTaHHOMY B
I[THNUNT'AuK. IIporecc cryiieHus no BbICOTE pacnaaajicsi HA MHOKECTBO OIEepaIivii.

[Ipexne Bcero, onpeaensanuch 3JIEMEHThl B3aUMHOTO OPUEHTUPOBAHUS CHUMKOB
O pe3yapTaTaM H3MEPEHUW CTEPEOINap Ha CTEPEOKOMIIapaTope. AHAIMTHYECKOE



pellleHre 3aJaud B3aMMHOTO OpUEHTHUpOoBaHUS ObuI0 chopmynupoBano A.C.
Cxupunoseim enie B 1928. Brnocneactsuu II1. XKykoB gan npocTbie GopMyIibl AJis
pelIeHus 3TOM 3a7ayu, MPUTOAHBIEC JJI BBIYMCICHUM MOCPEICTBOM TaKUX CPEICTB,
Kak apudmomeTp wiu JorapudmMuueckas JMHEHKa.

Yepe3 nareMeHThl B3aMMHOTO OPUEHTHUPOBAHUS MOJACYUTHIBAIUCH YIJIOBBIE
AJIEMEHTHl BHELIHET0 OPUEHTHUPOBAHUS CHUMKOB B YCIOBHOH CHCTEME KOOpPIUHAT
Mapuipyta. 3areM B aOCHMCChl TOYEK CHUMKOB BBOJWJIMCH IONPAaBKH 3a YIJIbI
HAKJIOHa CHUMKOB, JUISl YETr0 MCIIOJIb30BAJUCH CHEIUANbHBIEC MAJIeTKH, MOCTPOCHHBIE
JUIS TUTIOBBIX (JOKYCHBIX PACCTOSIHHM M KaKHX-TO 3apaHee 00yCIOBICHHBIX 3HAYEHHI
yIiioB. BeauuuHbI MOMPaBOK, CHATHIE C TAaKUX MAJETOK, HAJIOKEHHBIX HAa CHUMOK,
YTOUHSJIUCh 3a OTIMYMe (PAaKTUYECKOro yIila HakjIOHAa CHUMKa OT 3apaHee
0OyCJIOBJICHHOTO 3Ha4YeHHUs. B uTOore Takmx AEWCTBUN HMCIPABISUIUCH MPOJOJIbHBIC
napajiIakchl U MOACYUTHIBAIIUCH BBHICOTHI TOUEK. Jlanee crepeonapbl 0ObEANHSIIUCH B
CBOOOJHYIO BBICOTHYIO C€Th, KOTOPAasi BHEIIHE OPUEHTUPOBAIACH C OJJHOBPEMEHHBIM
ycTpaneHueMm nedopmanuu. [lonoxxenrne Touek B miiane, HE0OXOAUMOE ISl BHEITHETO
OpUEHTHUPOBAHUS BLICOTHOM CETH, aBaiia rpaduueckas (GOTOTPUAHTYIISIIHS.

OTtpaboTaHHbIe paHee MPUEMBbI MOJTYyYEHUs KOHTYPHOUM HArpy3Ku KapThl, OJIUH U3
BapUAHTOB CIyIIEHUS 10 BBICOTE, pPHUCOBKA pelibed HaA TomorpapuyeckoM
CTEpPEOMETPE C MOCIEAYIOIIMM MEPEHOCOM TOPU30HTANEeH Ha IMJIaH CTajld OCHOBOM
s hopmupoBanus auddepeHmpoBanHoro crnocoba a’podororornorpaduyeckon
cbeMku. TeopeTndyeckoe 00ocHOBaHUE 3TOTO crocoba npuHaanexut M./]. Konmuny
u ['B. PomanoBckomy. Crioco0 mHMpoKo mpuMeHsuica Oojiee IBYX JAECSTKOB JIET,
Omarogapsi 4emy 3a 3TO BpeMs yNaloCh YCHEIIHO 3aBEpPIINTh T'PAHAMO3HYIO 33734y
co3nanus tonorpaduueckoit kaptel Macimrada 1:100000ua Bcro Teppuroputo CCCP,
OnHOBPEMEHHO MPOBOAMUIUCH CHEMKH OOLIMPHBIX PalOHOB M B 0oJjiee KPYIMHBIX
Macuraoax.

YenemHoMy — KapTorpaupOBaHMIO — CONEWCTBOBAl M BBIMYCK  Oojee
COBEPILIEHHOTO 000PYIOBaHUA IJIsi BO3AYIIHOTO (poTorpadupoBaHusi U B TEPBYIO
ouepelb — a’podoTroannaparoB ¢ IUPOKUM YoM 3peHus. Pacueram 0OBEKTHBOB
JUISl HHUX COJECHCTBOBAJIM MCCIEAOBAHUS BBIIAIOIIETOCS Y4yeHoro-ontuka M.M.
PycunoBa. Omnupasice Ha oTkpeiToe uM B 1938, sBrnenune abeppalliOHHOTO
BUHbETUPOBAHUS, OH HaIlle]] KOHCTPYKTUBHYIO CXEMY HIUPOKOYTOIbHBIX OObEKTHBOB,
o0nafaBIIMX Majol JUCTOPCHEW M YAYUYIIEHHBIM, MO CPaBHEHUIO C MPEKHUMU
O0OBEKTHBAMH, PacIpeIeICHUEM OCBEIIEHHOCTH M0 BCEMY MO0 Kaapa.

[TpumensiBiecst B To Bpemst aspodoroanmaparsl Gupmel «Kapn Llefice» He
MOTIIM OBITh HWCHONB30BaHbl JJISi YCTAHOBKM HOBBIX OO0beKkTHBOB. llosToMy B
HHUUT'AuK noxg pyxoBoactBom C.II. Hlokmna u I'.I. Topnona BeimoiaHeHa
MoJepHM3alMsl uX. B pesyasrate OBIM CO3AaHBI HOBBIE IHPOKOYTOJBHBIC
a’podotoamnmmaparel AGA TO ¢ dopmarom kaapa 18&k180vm u dokycHBIME
paccrossuuamu 10Qvm uw 70mMM, a B mocienyromeM — aaxe S5vum u  36wmm.
Brinyckanucek Takke a’podoToanmaparbl U ¢ IpyruMu (GOKYCHBIMU PACCTOSHUSIMHU
(140, 200, 350t 50Qum).

Wneun, chopmynupoBanubie M.M. PycuHOBBIM, ObLIM BOCHPHUHSATHI U B JPYTUX
ctpanax. B 1972, Akanemust Hayk ®@paHiuu npucyauia emy npemuto J. Jloccena.



Huas ADA TO c doxycubimu paccrosausmu /0, 100 ' 200 mm Obuia
pa3zpaborana crabunusupyromias ycranoBka H-55 ¢ rupockonmamu. Ona mo3BoJisiiia
BBIJICP)KMBATH YIVIBI HAKIIOHA OKOJI0 15  mpu mpenenbHOM X 3HaYeHUH He Oonee 1°.

MHoro BHUMaHUS YyACISJIOCH MeEToJaM W mpubopam i ONpeneiIeHUs
AJIEMEHTOB BHEIIHETr0 OpueHTHUpoBaHUs a’3podorocHUMKOB. K.II. BerukoBckuii u
10.C. Jo6poxoToB pa3zpaboTanu HECKOIbKO Mojenel crarockomnoB. N.JI. ['unb coznan
paauoBbicoToMep PB-10,a A.U. ['py3uHOB — panoreoie3uuecKyro CHCTEMY.

[lepeuncrnennsie u apyrue pabOThl MO COBEPIICHCTBOBAHUIO a3POCHEMOYHOTO
o0opymoBaHusi, MPOBOAMBINKECS TOJ pykoBoicTBoM [.B. PomanoBckoro, a Takxke
MpUMEHEHNE  HOBBIX  CaMOJIETOB W  TEpexoJ]] Ha  HMHCTPYMEHTAIbHOE
CaMOJIETOBOXKJICHUE TO3BOJIMIM 3aMETHO TMOBBICHTH Ka4eCTBO a’3pO(OTOCHHMKOB, a
TaK)Ke PallMOHAIM3UPOBATH OTACNbHBIE MPOLECCHl CTYIICHHUS] ONMOPHOW CETH B IJIaHEe
U 0 BbICOTE. Bce 3TO cHMXano HEoOXOAMMBIA OOBEM MOJEBBIX TI€OAE3UUECKUX
paoor.

BaxxnbiM coOblTHEM 3TOrO mepuoja sipisiack paspadorka B.M. CemeHoBBIM
KOHCTPYKTHBHOH CXeMbI IeneBoro alpodoroamnmnapare (193G.). M.M. PycunoB
co3fan Il HEro IIHUPOKOYTOJNIbHBIM OOBEKTHUB C mojeM 3peHus 126°. B stom
anmnapare ¢ororpadupoBaHre IPOU3BOIUIOCH YEPE3 Y3KYIO IIEJb Ha JBUTAIOIIYIOCS
¢dotomnenky. I[To cytu, 310 ObUT MPEIBECTHUK OYAYIIMX CKAHUPYIOIMX Kamep. Takum
o0pa3oM, Hayajio Pa3BUTHIO IIEJIEBOM CHEMKH MOJIOKEHO MMEHHO paboramu B.U.
CemenoBa. B CIIIA nogoGHbIe KaMephl TOSABHIINCH HIECTHIO TOJAMH TO3XKeE.

Y4uuTeiBasi BO3POCIIyI0 POJh (OTOrpaMMETPHUH, OCHOBHI €€ KaK OIWH W3
pa3ienoB reofie3ud WM KaK CaMOCTOSTENbHYIO JNUCLUHUIUIMHY CTald MPEnojaBaTh U
BO MHOTHX BBICIINX YYEOHBIX 3aBEJCHHUSIX CTPaHbl (CTPOMTEIHHBIX, TPAHCIOPTHBIX,
CEJIbCKOXO3SIICTBEHHBIX, TOPHBIX, MOJUTEXHUYCCKUX M JAp.). B HEKOTOPHIX M3 HUX
nosBIIIMCh  Kadenpsl  ¢otorpammerpun. Ha Takux kadeapax MOCTENEHHO
c(hOpMHpPOBATIUCh  CAMOCTOSITENIbHBIE ~ HAayyHblE€  IIKOJbI,  BO3MJIABJISBIIUECS
NEPBOKJIACCHBIMU TeAaroraMu. B kadecTBe mpuMepa MOXHO Ha3BaTh MPOQPECccOpoB
B.s1 ®unkosckoro (JIbBoBckmii moauTexHUYeCKHui wuHCTUTYT), B.M. IlaBioBa
(JlenuHrpaackuii ropHbld UHCTHTYT), A byxombia (Prwkckuii MOIUTEXHUYECKUI
uHctutyT). Kerarn, A. Byxonsiy B 1947-1960r. paboran B JIpe3neHCKOM BBICIICH
TexHuueckoi mkone (Iepmanus). Ot Kadeapsl BeIM KaK akaJeMHUYECKYH0, TaK M
HAy4YHYIO JIeATEeIbHOCTb, U BBIPACTUIIN MHOTUX CHEI[UATIUCTOB.

B 193% reonesuueckuii  (akynprer HoOBOCHMOMpPCKOTO — MHKEHEPHO-
CTPOUTETHLHOTO MHCTUTYTa mpeoOpa3oBad B HoBocHOMPCKUN WHCTUTYT WHKEHEPOB
reone3nu, al’podorocheMkn U Kaprorpapum (HUWI'AuK), BnocieactBum
nepeuMeHoBaHHBIH B CHOMPCKYIO TOCYJapCTBEHHYIO T€O[E3WYECKYI0 aKaJIeMHUIO
(CITA). D10 Obmio BTOpoe mocie MUMUMIAuK Briciiee ydeOHOE 3aBeleHHE
reoaesnueckoro mpodwist B crpane. [locrenenno passuBasice, HUMT'AuK npusen
CBOIO CTPYKTYpY, NlepeueHb (PakyabTeToB U Kadeap, a Takke MarepuaibHyro 0a3y u
MPENOAABaATEeIbCKUI  KOJUIEKTUB K COCTOAHMIO, aHajorudyHomy c¢ MUHNTAuK.
Kadenpa dpororpammerpun Obi1a opranuzoBana B HUMT'AuK B 1943.

B ctpaHe melicTBOBa M TakXe HECKOJILKO TEXHUKYMOB (KOJUICIDKEH), B KOTOPBIX
0 BCEM TIeOJIE3UNYECKUM CIIEHUATBHOCTSAM, B TOM 4YHCI€ W MO (hoTorpammeTpuy,
NOJrOTaBIMBAINCH CIEUUATMCTBI CO CPEIHUM TEXHUYECKMM oOpa3oBanueM. B



MPOU3BOJICTBEHHBIX  NPEANPHUATUSAK, KaK  MPABWIO, BCE  OTBETCTBEHHBIC
TEXHOJIOTUYECKHUE OTEePAIlMU BBITIOIHSIN MHXEHEPhI MIIU TEXHUKHU.

HoBble TexHHMuUecKuEe CpencTBa M METOAbl (poTorpaMMeTpudecKux pador,
NOSIBJISIBIIMECS B adpOreoje3MUecKux  Opeanpustusix  locygapcTBeHHOU
reofIe3uYecKoil  Ciy>KObl, Cpa3y K€ 3aMMCTBOBAJIMCh OPraHU3aLUSIMHU JIECHOM,
3eMJIEyCTPOUTEIBbHOM © Jpyrux otpacieil. KoopauHauuio ucCCieoBaHUN 110
OPUMEHEHUIO a’pO(OTOCHEMKH M (POTOrpaMMETpPUM MPU H3YyYEHUU HPHUPOIHBIX
pecypcoB ocymecTBisia «JlabopaTopust a’3poMETOZOB», BXOAUBIIAs B COCTaB
Axanemun Hayk CCCP. Baxnoe 3HaueHHs UMeNIM Hay4yHble KOH(epeHIINH
(«Bcecoro3Hple COBENIaHHMS IO a’pOCheMKe»), Kotopble ¢ 192%. perymspHO
MPOBOIMJINCH ATOM Jaboparopuell U Ha KOTOPBIX NPUHUMAINCH KOJUJICKTUBHBIC
pellIeHus], OTPEACISBIUINEG HAPABICHUE JATbHEUIIEro pa3BUTHs a3pOPOTOCHEMKH H
dboTorpamMmeTpun.

B mnepuon Benuxoir oteuectBeHHou BoWHbl 1941-1945r, xoropyro CCCP
BeJ MPOTUB ['epMaHuM U €e COIO3HMKOB M KOTOpasi crajia yacThio BTopoil MupoBoii
BOMHBI, BaxXHEHIeH 3amadeid a’podoTochbeMKu U PoTorpaMMeTpuud  ObLIO
o0OecreyeHue COBETCKOW apMHHM JIOCTOBEPHBIMHU KapTamMud M (POTOCHUMKAMH Ha
(GpOHTOBYIO MOJOCY M OOOpPOHY NpOTMBHMKA. BoeHHO-TOmorpaduueckas ciyxoa
CTpaHbl YCIEIIHO CIPaBUJIACh CO CBOMMH OOSI3aHHOCTSIMHU M €M MPUHAJICKUT
HeMaJas 3aciyra B JOCTHKEHUH MOOE/IbI.

B mocneBoeHHbII mepruos OCHOBHOHM Tomorpapu4eckoi KapToil cTpaHbl Oblia
n3bpana kapra macmrabda 1:25000,a qist psma pailoHOB CTpaHbl — KapTa MaciiTada
1:10000.ITpu 3TOoM 17151 paBHHUHHBIX PAalOHOB MPEAyCMaTpPUBAIACh BBICOTA CEUCHUS
penpeda Im. luddepennmpoBannbiii cmocod adpodoTtoranorpaduueckoil CheMKH He
MOT 00€CIEeYNTh TOYHOCTh, YCTAHOBICHHYIO NJisi TakuxX KapT. [loaTomy BHHMMaHme
YY€HBIX-(hOTOrpaMMETPHUCTOB o0paruiIoch Ha YHHUBEpPCAJIbHbIC
(dhoTorpaMMeTprUEeCKHUE MPUOOPHI.

[IepBblil onbIT pabOTHI ¢ TAKUMHU MPUOOPAMU MPUOOPETEH YEPE3 MYJIBTUILIECKCHI,
BBIIIYCK KOTOPBIX ObUT HAJIayKE€H B CcTpaHe. MyJbTUIIIEKCHI IIUPOKO MCIOJIb30BAINCH
KaKk Il TPOCTPAHCTBEHHOTO (DOTOTPUAHTYIMPOBAHUSA, TaK M JJIsl CO3JaHUS
opuruHaia kKaptel. JJi1 JajnbHEHIIEro pa3BUTHS ATOTO OIbITa Obljla M3rOTOBIICHA
HeOoJIbIasi apTus crepeoruianurpador, aHanorudaeix npubdopy C-5 ¢upmer Kapn
Leficc, HO CyllleCTBEHHBIE MPUHIMUIUAIBHBIE HEJOCTATKU 3TOr0 Mpudopa OBICTPO
OXJIAJIITA UHTEPEC K HEMY.

Crepeoruanurpadsl, Kak U Ipyrue U3BECTHBIE K TOMY BPEMEHU YHUBEPCATbHBIC
npuOOpbl, OBLTM pAacCUWTaHbl HA TOYHOE BOCCTAHOBJICHHE CBS30K MPOEKTHUPYIOLIUX
Jqy4el, CyIIeCTBOBABIIUX B MOMEHT (oTtorpadupoBaHus, T.€. HA MOJHOE PABEHCTBO
AIIEMEHTOB BHYTPEHHETO OpPUEHTHUPOBAHUS MIPOCKTUPYIOMIUX KaMmep
oOpabarpiBatomiero mpubOpsl W adpodoroanmapara. ITO TpeOOBaHHE CHUIBHO
YCIIOXKHSUIO KOHCTPYKIUIO MPUOOpa UK OTpaHUYUBaIIO 0071acTh €10 MPUMEHEHHUS .

Uccnenosanusi mo 00pabOTke CHUMKOB C MpeoOpa3oBaHHBIMH, apHUHHBIMHU
cBs3kamu npoektupyronux Hadan M.J[. Konmun B 1944. Tlpu ropu3oHTaIbHBIX
CHUMKaX TNpeo0pa3oBaHUE CBSA30K TMPUBOAUT K PaA3IMUYUI0 BEPTUKAJIBLHOTO U
TOPU30HTAIBHOTO MacilITaba BOCCTAHOBICHHOW F€OMETPUUYECKOM MOJIEINH, YTO JIETKO
YUUTBIBAETCA M HE CO3/1aeT HUKAKUX TpyaHocTed s obpabotku. Ho mpu



HAKJIOHHBIX CHHMKAaX B CBA3KaX MNPOEKTHUPYIOIIUMX Jy4eil, OPUEHTUPOBAHHBIX C
TOYHBIM COOJIFOJIEHUEM MpPaBWJI TpaHCHOPMHUPOBAHUS, HATUPHBIE MPOCKTUPYIOUIUE
Jqy4d, KOTopble mpu QororpadupoBaHuu ObUIM BEPTHUKAJIbHBI, OTKJIOHSAIOTCS OT
Beprukaiu. [losToMy npu Hamuuuu penbeda Heb3s BOCCTAHOBUTH OJHY OOIIYIO
reOMETPUYECKYI0 MOJIENIb MECTHOCTHU 0€3 yueTa 3TOM 0COOEHHOCTH.

OnuH u3 BapuaHTOB pemieHuss d3Toil mpobrembl gan  A.H. JloGaHoB,
OPEMIOKUBIINN TELEHTPUPOBATh KAXK/IbIE CHUMOK B CBOEH MPOEKTUPYIOIIEH Kamepe
Ha BEJWYMHY, BIBOE OONBIIyI0 TOW, YTO TpeldyeTcs TMpU  CTPOTOM
TpanchopmupoBannu ¢ ahduHHONU CBSA3KOH. B pesynbprare MBOWHON IereHTparun
HAJUPHBIC TPOCKTUPYIONIUE JIYYH CBSI30K MPUHUMAIM B MPUOOpEe OTBECHOE
MOJIOKGHWE W TeOMETpUYeCKas MOJeNb XOTS Obl  MPUONMKEHHO, HO
BOCCTaHaBnuBanach. [IpumenutenpbHo k cBoemy pemennio A.H. JlobanoB cozman
noyieBoii crepeoruianurpad, a M.J[. KoHIMH — CTEpeOCKOMUYECKH PHUCOBATIBHBIN
npubop. Ho Ha3BaHHbIe NPUOOPHI OBLIM K3TOTOBJIEHBI, KaK AKCIEPUMEHTAJIbHBIC
00pasIbl.

['eoMeTpuyecku mpaBUIIbHOE PEILICHUE Il OPUEHTHUPOBaHUS ad(UHHBIX CBA30K
peanuzoBan @®.B. JIpoOwimieB B cBoeM (orokaprorpade. ITo ObLT aHAIOTOBBIN
npuOOp C ONTUYECKON 3aceyKoil, B KOTOPOM IMpPEAyCMaTpPUBAIUCH CIEIUATIbHBIC
HalpaBSOMIME JIMHEHMKH, IO KOTOPhIM MEPEMELIATNCh KapeTKH, HECYIIUe
U3MepuTeIbHble Mapku. B mporiecce OpUEHTUpPOBaHUS CHUMKOB B mpuOOpe
HANPABJISAIONIME JIMHEUKU BBICTABISJIMCH BAOJIb HAKIOHHBIX HAAUPHBIX JIydeuh. Tem
CaMbIM JUTSI KQXIO0W MPOEKTUPYIOMICH CBS3KM KaK Obl BBOAMJIACH CBOSI COOCTBEHHAS
och Z.

B xome Ha3BaHHBIX WCCIETOBAHUNA CTAJI0 OYEBUIHO, YTO ONTUMAILHBIM OBbLIT ObI
npulop ¢ MEXaHUYECKON 3aCEYKOM, B KOTOPOM IEpEN BOCCTAHOBICHHEM KaKJIOTO
MPOCKTUPYIOLIETO JIyda CBSI3KM B COOTBETCTBYIOLIYIO TOUYKY CHHMKA BBOISITCA
NONPaBKH, YCTPAHSAIOIIME HCKAXKEHUS KOOPAMHAT ATOM TOYKH, BBI3BAHHBIE YIIIAMHU
HAKJIOHA CHUMKA. Takoll NpPUHIMI MOJEIMPOBAHUS MPOEKTUPYIOIIMX Jydyei Obul
peanmuzoBan [.B. PomanoBckum B ctepenpoektope CIIP. B »stom mnpubdope
KOOpJMHATHAs KapeTKa KaXXJoro CHHUMKa ObUla CBf3aHA C COOTBETCTBYIOIIUM
00BEKTUBOM HAOJIOATENILHON CUCTEMBI TOCPEICTBOM KOPPEKIIMOHHOTO MEXaHHU3Ma.
KoppekiMoHHbII MeXaHW3M CIIBUTajl BU3UPHYIO OCh HAOIIONATEIBLHOM CHUCTEMbI Ha
HY>KHbBIE€ BEJIMYUHBI BIOJb PAIUyC-BEKTOPA, COCAMHSIBLIETO HAOIIONAEMYIO0 TOUKY
CHUMKA C TOYKOM HYJIEBBIX UCKaXKeHUU. Takum o0pa3oM, Mpu MepeMenieHnH KapeTKu
CO CHHUMKOM Ha OTPE3KH, COOTBETCTBYIOLIME KOOPAWHATAM TOYKHA I'€OMETPUYECKOU
MOJIeTT! Ha TOPU30HTAILHOM CHUMKE, HA BU3UPHOW OCH MPUOOpa OKa3bIBaJIaCh TOYKA
PEANTBHOIO, HAKJIOHHOTO CHUMKA.

[To nnomy mytu nmomen ®.B. Jlpoosimes. Maes cozganHoro um crepeorpada
CJI cBogmmach K TOMY, YTO HAKJIIOHHBIA CHUMOK KakK ObI paccekayncs 0eCunCIeHHBIM
MHO>KECTBOM TOPHU30HTAJIBHBIX IJIOCKOCTEW. [Ipw 3TOM Kaxkgas TOYKa peanbHOrO
HAaKJIOHHOTO CHUMKa pacCMarpuBajlach KaK TOYKa BHPTYyAJIbHOTO TOPU3OHTAIBHOTO
CHUMKA, MMeIolIero cBoe (hokycHoe pacctosHue. [lnaBHoe n3MeHeHue (POKYCHBIX
PAcCCTOSHMI  MPOEKTUPYIOLIEH CHCTeMbl TIpuOopa 3alaBajlioch MOCPEICTBOM
KOPPEKIMOHHBIX IIJIOCKOCTEH, Ha KOTOPBIE OIUPAJIUCh KapAaHbl, CBA3aHHBIC C
KOOPJAMHATHBIMU KapeTKaMH CHUMKOB. KOppEeKIIMOHHBIM IJIOCKOCTSIM TpeOOBanoCh



MpUAAaTh HAKJIOHBI OTHOCUTENHHO JIBYX OCEH, MPOMOPIIMOHAIBHBIC MPOIOJIBHBIM H
NOMEePEYHbIM YIJIOM CHUMKOB. B pe3ynbrare 3Toro GoKycHble pacCTOSHUS B KaXKIOM
BETBU MPOEKTUPYIOIIEH CUCTEMbI PUOOpa HENPEPHIBHO MEHSIUCH.

[Tockoapky B o06oux HasBaHHbIXx mnpubopax (CIIP u CJI) cBsA3ku
IPOEKTUPYIOUIUX JTyuyeld BOCCTAHABIMBAIUCH KaK Obl 10 TOPU30OHTAIBHBIM CHUMKAM,
ATH TPUOOPHI OBLIN TPUTOAHBI JJIi 0OpaOOTKU CHUMKOB C JIFOOBIMH (POKYCHBIMU
PACCTOSHUSIMU. YCTAaHOBKA KOPPEKIIMOHHBIX Y3JIOB B HY)KHOE€ MOJIOKEHUE Ha 3THUX
mpubopax OCYIIECTBISJIACh TYTEM B3aUMHOTO OPHEHTHPOBAHUS CHUMKOB W
BHEIITHETO OPUEHTHPOBAHUS CO3JAHHON MOJIEIM MECTHOCTH. JTH MPOIIECCHI, KaK U Ha
nmpudopax ¢ MOJOOHBIMU CBS3KAMU IMPOCKTUPYIOMIUX JIydei, OCYIECTBISIIUCH IO
CTaHJAPTHBIM CXeMaM, XOTS M C YYETOM HEKOoTOpou cmenuduku. Tak BMecCTO
MMOBOPOTOB  MPOCKTUPYIOIIUX KaMep MEHSJIUCh YCTAaHOBKH KOPPEKITMOHHBIX
MexaHu3MoB Ha CIIP mim HakiIoHbl KOppeKIHOHHBIX muiockoctel Ha CJI. CnenoBaio
TakKe NPUHUMAaThb BO BHHMAaHHE pa3IU4Me TOPU3OHTAIBHOTO M BEPTUKAIHLHOTO
MacimTaboB CO3JaHHOM Ha MpUOope MOJIEIH.

Ouens ObicTpo U Ha gonrue rogasl CIIP u C/] cTtanu ocHOBHbIMU HpuUOOpaMu
(boTOrpaMMETpUUECKUX 1IEXOB MPOU3BOACTBEHHBIX mpeanpusTuii. Ha 0aze sTux
npuOopoB chopMupoBajcs YHHBEpPCAIbHBIA Crocod a’podoToronorpaduueckoit
ChbeMKH. BrojiHe JTOTMYHO, YTO MEePEXo/ K ATOMY CIOCO0Y COMPOBOXKIAICS OTKa30M
OT MPEKHUX MPUEMOB PA3JEIBHOTO CTYIIEHUS T€0Ie3MY€CKOro 000CHOBAHMS B TUIAHE
U 1O BBICOTE W 3aMEHE WX MPOCTPAHCTBEHHBIM (DOTOTPHUAHTYIHPOBAHUEM Ha
aHAJIOTOBBIX YHUBEPCAIBHBIX MpuOOpax. B pa3paboTke W COBEPIICHCTBOBAHHUH
Pa3TUYHBIX aCTEKTOB (POTOTPAMMETPUYECKOTO CTYIICHUSI OTIOPHOM CETH MPUHUMAIU
ydactrue MHorHe crnenuanmuctbl. Oco6o ormetum posb A.C. CkupumoBa, KOTOPOMY
MIPUHAJICKUT UCS yueTa JOMOTHUTEIBHBIX YCIOBHHN MPU MOCTPOCHUH CETH.

B 3T0T nmeproa akTUBHO pa3BUBANKCH U APYTHUE HAMPABICHUS (POTOTPAMMETPHHU.
CocraBnenue (pOTOImIaHOB HA TOPHBIE PailOHbl HAYAJIOCh C UCIIOIB30BaHUSI PUHIINTIA
TpaHC(OpMUpPOBAaHUS HE HA IJIOCKOCTh, 4 Ha MOBEPXHOCTb, MPEACTABISIBIIYIO
obparnyto mojaenb penbeda mectHoctu. Ho B 1954 o npennoxkenuro I'.I1. Kykosa
u ['. Kononraposa 0w11 co3man mieneBoit pororpanchopmarop OTII-2. B 1973
HayaT BBIMYCK OPTOPOTONPOEKTOPOB, 3a 0azy s 3TOro mnpudopa ObLIT MPUHAT
crepeorpad @.B. JIpoOriiiena.

He Obina 3a0biTa ¥ Ha3eMHas cTepeodOoTorpaMMeTpUUecKasi CbeMKa, XOTS POJIb
ee cymecTBeHHO cHu3miack. OOJacThi0 €€ TpUMEHEHUs ObUTH, B OCHOBHOM,
WHKEHEPHBIC  WM3BICKAHUS  PA3IMYHOTO  poja, JUIsi YEero  HCIOJh30BAIHCH
(OTOTEOIOMTHBIE KOMIUICKTHI, BBIMTyCKaBIIuecs B crpaHe. Ho ciemyeT oTMEeTHTH,
YTO OJTHO BpPEeMs MpH KapTorpadupoBaHINN BRICOKOTOPHBIX PAHOHOB TIO MPEJIOKEHUIO
[1.H. PamacoBa mocpenctBom (hOTOTEOMOIUTHON CHEMKH OMPENSISUTH KOOPIUHATHI
TOYEK, KOTOPBIE 3aT€M CIYXKUJIH OMOPHBIMH AJisi (DOTOrpaMMETpHUECKO 00paboTKH
a’po(OTOCHUMKOB.

[losiBieHHEe HSIEKTPOHHBIX BBIUUCIUTENBHBIX MAIIMH B KOPHE W3MEHMIIO
OOJIBIIMHCTBO MPOLECCOB (poTorpammerpudeckord 00paboTku cHUMKOB. Ilepexon k
aHAJIUTUYECKUM METOJlaM HauaJics C MPOCTPAHCTBEHHON (OTOTPUAHTYISLUU, YEMY
criocoocTBoBanu Tpyasl H.A. YpmaeBa, KOTOpbIN 3aHUMAJICS ATOW MpoOIeMon elie B
npeaBoeHHubie Tonbl. B 194In Owbuta omyOnumkoBaHa €ro KHUTA <«OJIEMEHTHI



dororpammeTpun», B  KOTOpPOM  JaHO  MaTeMaTUYeCcKoe  OMHCAHHUe  AJIs
AHAJIMTUYECKOTO pPEIIeHUs] OCHOBHBIX 3a4a4 (OTOrpaMMETPUU, CBSI3aHHBIX C
OpUEHTHUPOBAHUEM CHUMKOB M IOCTPOECHUEM MOJIENIM MECTHOCTH.

TeopeTnueckue TOJOXKEHUS aHAJIUTHUYECKOM 00paboTKH  (HOTOCHUMKOB,
3aokeHHble B paborax H.A. VYpmaeBa, Obuium mnonxBaueHbl U pa3BuThl A.H.
JloGanoBeiM. IlepBasi mnporpaMma aHaTUTHYECKOM (OTOTpUAHTYISIMU  ObLIa
COCTaBJIeHa Mo ero pykoBojacTBoM B 1956-1957/rr. Ha xadenpe dororpammeTpun
Boenno-unxenepHoil akagemun. Bckope k 3Toil Temartnke oOpaTHIIMCh U MHOTHE
apyrue crneuuanuctel. Bokpyr A.H. Jlob6anoBa cdopmupoBanace menasi Hay4Has
IIKOJIa, COBMECTHBIMU YCHUJUSIMH KOTOPOM HCCIENOBaHbl pPAa3IMYHBIE ACIEKTHI
aHanutudeckon QotoTpuanrymauud. Cpeau HUX — MOCTPOCHHE MapUIPYTHOW U
070YHON (HOTOTPUAHTYISAUMU C TPUOMMKEHHBIM UM CTPOTMM YPaBHUBAaHHEM, Y4YET
JOTIOJIHUTENBHBIX ~JAHHBIX, YCTPAaHEHHE BIMUSHHUS CHUCTEMAaTUYECKUX OIIHUOOK,
ypaBHUBaHUE (OTOTPUAHTYISILMU C camMoKanuOpoBkol W np. OIHOBPEMEHHO
pa3pabarblBajiuCh W COOTBETCTBYIOIME MPOrpaMMbl, HA4YaJIOCh HMHTEHCHUBHOE
BHEJPECHHE aHATUTUYECKOM (oTOoTpuaHrymsiiuu B Tonorpado-reoe3n4eckoe
POU3BOJCTBO, U B KOPOTKHE CPOKM OHA CTajia OCHOBHBIM CIIOCOOOM CO3JIaHUs
MJIAHOBO-BBICOTHOM OCHOBBI.

C 1968. naubonpliiee Npu3HaAHUE B MPOU3BOJACTBEHHBIX KOJIJIEKTUBAX MOJYUHIIH
pOrpaMMHbIE KOMILJIEKChI aHAJIUTUYECKOU 00paboTKH pE3yabTaToB
(bhoTOrpaMMETPUUECKUX W3MEPEHMM, COCTaBJIeHHBIE IO pykoBoacTBoMm .T.
AntunoBa. MM cdopMynrpoBaHbl NPEATIOKEHUS U MO PALy OOMIMX BOMPOCOB.
OO000111eHNI0 MHOTOJIETHUX HCCIEIOBAaHUI IO aHAJUTHUECKON (DOTOTpUAHTYIALNU
IIOCBEIIEHAa  ero  KHura  «Maremarud4eckue  OCHOBBI  NPOCTPAHCTBEHHOU
aHAIUTUYECKOW (OoTOTpHAHTyIsIuu», onyonukoBanHas B 2003 B 2008. om
000CHOBAJI OTHOBPEMEHHOE HCIIOJIb30BaHUE MPH YPABHUBAHWU HECKOJIBKUX CHCTEM
KOOPAMHAT [JIi CHUMKOB, OTJIMYAIOIIUXCS OT CHUCTEMbl KOOpPIWHAT, MPUHSATOU ISt
TOYEK MECTHOCTH. ITO TMO3BOJSIET CTPOUTh IO CHHUMKaM  3aMKHYThIE
(OTOTPUAHTYIIALIMOHHBIE CETU B BHUJE Kojblla Wi cdepbl. [loMuMo ucnonb30BaHUs
IPU ChEMKE CO BCEX CTOPOH KAKUX-TO MHXKEHEPHBIX WUJIM JIAOOPATOPHBIX OOBEKTOB,
NOTpeOHOCT, B TAaKOM BapuUaHTE MOXET BO3HUKHYTh, HalpuMmep, Mpu
KapTorpaupoBaHUU HEOECHBIX TE.

Bueapenune aHanutuuecko POTOTPUAHTYISAIIUA HE MOTIIO ObITh 3h()EKTUBHBIM
0e3 COOTBETCTBYIOIIET0 TEXHHYECKOTo obOecrmeueHus. JTa 3aqada ObLla perieHa
pa3paboTKoit u CEpUIHBIM IIPOU3BOICTBOM aBTOMAaTHU3HPOBAHHBIX
ctepeokomnaparopoB. B nauane 1970x romoB Obl1 pa3paboTaH CTEpEOKOMIIApATOp
CKA-18, a 3arem — CKA-30. IlpeumymectBoM 3Tux NpuOOpoB ObLIa BBICOKas
TOYHOCTH (2-3 MKM) M aBTOMATH3aIUs TPOIIeCcCca U3MEPEHUSI CHUMKOB M PETUCTPAIIH
pE3yIbTaTOB.

Bmecte ¢ TeM COBEpIIEHCTBOBAIMCH M  TPAJUIMOHHBIE TEXHOJIOTHUH,
MOJICPHU3UPOBAJIOCh TexHHUueckoe obecrneuenne. K  konmy 1980x romos
paspabotanbl a’podoroanmnapaTsl ¢ KOMIEHCAIMEN caBura uzoopaxenus. B 1988.
Hayanoch cepuiiHoe mpou3BoacTB0 ADA-TK-10/18 ¢ ¢dokycHbIM paccTosHHEM
100mMm, a crrycTst HECKOJIBKO JIET — alllapaToB € JIPYTUMU (DOKYCHBIMHU PACCTOSTHUSIMHU.
[IpoBenenbl HcCieqOBaHUSI MO COMPSHKEHUIO a’dpoQoToanmnapaTtoB ¢ MPUEMHUKAMU



curHatoB GPS, 4ro 0bUI0 HEOOXOAMMO Ui OMPEACICHHS TOJIOKEHHSI TOYEK
dhotorpadupoBaHus.

VYenexu B pa3BuTUU (HOTOrPAMMETPUUECKUX METOAOB IMO3BOJMIM 3aBEPUINTH
cocraBiieHre kapThl MaciiTada 1:250001a Bcro TeppuTopuio ctpansl B 1988.

Henb3st He oTMeTUTh, 4YTO OBICTPOMY 3aBEpPUICHUI0O CHEMOK BO MHOIOM
crocoOCTBOBAJIO  XOPOIIEEe  TEXHUYECKOE  OCHAIICHHE  a’pOreofe3nyecKux
OpeINpUsTUN, KOTOpbIe ObLIN HACKIIIEHBI (hoTOrpammeTpuueckumu npudopamu O.B.
Hpoo6wimea. XKuzuap @.B. J[poOsimieBa Obia HamoJHEHA MHOXKECTBOM HHTEPECHBIX
coobiTHii. Tak B ronsr [TepBoii MupoBoii BoitHbl (1914-191GT.) B kKauecTBE BOCHHOTO
Tornorpada OH CIYy)XHJI Ha PYCCKO-HEMEIKOM (poHTe, TAe MpUHUMAT Y4YacTHE B
00€BbIX NEHCTBUSX W TOMYYMJ TSKENIO€ paHEHHe. 3a MPOSBICHHYIO BOUHCKYIO
n001ecTh U MYXeCTBO OH Obul HarpaxaeH opaeHom. C 192G. mo 198G. @.B.
Hpoo6sies Obu1 cBsazan ¢ MUUT'AuK. 3aecs uM co3nanbsl OpuruHaibHbIE TPUOOPHI
OyKBaJIbHO MJi1 BCEX HarpaBieHUud QororpamMmmerpuu. Ero TBopueckue ycnexu
HEOJJHOKPATHO OTMEYAJIMCh BHICOKUMH HAarpajamu, a 3a Co3JaHue Tonorpapuyeckoro
crepeomerpa CTI u crepeorpada CJI, koTopble cTaad CaMbIMH MAacCOBBIMU
npubopamu, OH ObUI ABaXIbl YIOCTO€H lOCynapCTBEHHOW NMpEeMUHM — BBICIIEH B
CCCP narpazs! 3a TBOPUYECTBO.

®.B. [poOsimieBa mienpo mepenaBaj OMNbIT W 3HAHUS CBOMM YYEHHKaM-
acupaHTaM, MHOTHME U3 KOTOPbIX BIOCJIEACTBUM CaMH CTalld MAaCTUTBIMU
npodeccopamu. Cpemm ero acnupaHToB MokHO HasBath A.H. JloGaHoga,
ynomsiHyToro Beie, 1 JI.H. BacuibeBa, KOTOpbIM OAHUM U3 IEPBBIX COCPENOTOUUIICS
HAa aBTOMAaTH3alMM TIPOIECcCa paclo3HAaBaHUS OOpPa30B, HCIONB3YS TEOPHUIO
(bpakTanbHOCTU U CaMOMOAOOHS B OKpyaromen cpene. OTHUM U3 €ro acHpPaHTOB
obu1 W.T. AHTUIIOB, TOMOTABIINI CBOEMY PYKOBOJIUTENIO co3naBaTth ctepeorpad CI.
Kanmunarckas nuccepraums WM. T. AntunoBa Oblna mepeBeneHa B [epmanuu U 1o
ATOW AUCCEPTALMK BUJIHBIE HEMEIKHUE CIEIUATUCThI U3ydald TPUHIUIBI 00pabOTKU
CHUMKOB C TIpeo0pa3oBaHHBIMHU CBA3KAMU MPOCKTHPYIOUIUX JY4Yed M pean3aluio
ATUX MPUHIHUIIOB B POCCUUCKUX aHAJIOTOBBIX (POTOrPaMMETPUUYECKUX MPUOOPaX.

@®.B. JlpoOblilieB ObLT BBICOKOOOPA30BAaHHBIM, OAYXOTBOPEHHBIM YEJIOBEKOM,
JMOOUBILKMM MY3bIKY U CaM COYMHSBIIUM KaMepHbIe mpousBeneHus. Ero counHenus
OJarOCKJIOHHO BOCIPUHUMAIUCh MPO(ECCHOHANBHBIMU MY3bIKAaHTaMU, U OH ObLI
npuHAT B COI03 COBETCKUX KOMITO3UTOPOB.

B nocnennioro yerBepth XX Beka OypHOE pPa3BUTHE CPEIACTB AIIEKTPOHHOMN
BBIUUCIUTENLHON  TEXHMKH  J1aJO  KU3Hb  HOBOMY  BHIY  MPOIYKIIHH
a’podoToTonorpapuIeckoil CheMKH, & UMEHHO — IU(PPOBBIM MOJIEISIM MECTHOCTH H
upoBbIM KapTtaM. VccinenoBanus B 3TOM HAMpaBI€HUU HAYaIUCh PUMEPHO B OJTHO
BpEMS C MEPEXOJOM Ha aHAIMTUYECKYIO (DOTOTPUAHTYIALNIO. TeXHUYeCKoi OCHOBOM
g cobopa uudpoBod HHPOPMALIMU O MECTHOCTH 1O CHUMKaM CIYKUIH
IpOrpaMMHO-aInaparHble KOMIUIEKChl. [lepBbIM M3 HUX B cTpaHe ObUT KOMILIEKC
AHanuT, Ha4Yauo MPOU3BOACTBEHHBIX MCMBITAHUNW KOoTOporo orHocutcs k 1974 C
1979 Havanoch UCMONB30BAaHUE B MPOU3BOICTBE AHATTUTUUYECKOTO CTEPEOINPOEKTOPa
CIIA, a ¢ 1984r. — aBTOMaTU3UPOBAHHOTO AHAIUTUYECKOTO KOoMIUIekca «Opomar».
OpnHako Ha3BaHHBIE KOMILJIEKCHI (D)YHKIIMOHHPOBAIU MOJ YNPABIECHUEM JIOCTATOYHO
rpomo3akux 9BM u konuuecTBO uX ObUIO He3HAUUTENbHO. CUTyalusi U3MEHUIIACH C



MOSIBICHUEM TE€PCOHANBHBIX KoMIbioTepoB. B 1991 Hauar cepuiiHbI BBIMYCK
aHajguTH4ecKoro  (oTorpamMmeTpuueckoro  mpubopa  —  crTepeoaHarpada,
pazpaborannoro B [THUNT'AuK mon pykoomctBom I.A. 3otoBa, a B 19951 mo
nuuen3un pupmbl  «JIeiika» OCBOEH BBIMYCK aHaduTH4Yeckoro mnpubopa SD-20,
KOTOPBIN SIBJISJICS TTOJIHBIM aHajorom npubdopa SD-2000.

B 1992. ogHuM u3 OCHOBHBIX HaIpaBiIeHUM OOIIETOCYIapCTBEHHBIX pPabOT
Pockaprorpaduu npusHaHo cosnanue HUGpoBBIX KapT. s pemieHus sTod 3amaqu
o0pa3oBaH TJIaBHBI M HECKOJBKO PETHOHAJIBHBIX T€OMH(DOPMAITMOHHBIX I[EHTPOB.
Hapsiny ¢ omudpoBkoil MMeromuxcs KapTorpaguueckux MarepuaioB, IU(PpPOBbIE
KapThl CTadd co3faBarTb M 1O (OTOCHUMKAM, JJisi YEero HCIOJIb30BaHbI
cTepeoaHarpad, aHaIUTUYECKUH (ororpammerpudeckuii npudbop SD-20 u apyras
TEXHUKA.

K »TOMy BpeMeHHM HECKOJIBKO TBOPUYECKUX KOJUIEKTUBOB B CTPaHE aKTHBHO BEJIN
pa3paboTky 1udpoBbIX (oTorpammerpuueckux padbounx cranmmii  (LIOPC),
OTKPBIBILIMX MYTH K MOJHOW aBTOMaTU3aIMU BCEX (DOTOrpaMMETPUUECKUX MTPOLIECCOB
1o coopy u 00padboTke 1udpPoBOi HHPOPMAIIMH O MECTHOCTH.

Camy upero Takoi cTaHIUU OOBIYHO CBA3BIBAIOT C UMEHEM (DMHCKOTO y4EHOTro V.
XenaBbl. [I0HOCTBIO MTPU3HABAS €TI0 BBIAAIONIYIOCS POJIb, MOKHO OTMETUTH, UTO Ha
MHOTO JIET paHbllle WA aBTOMATU3ALUHU CTEPEOCKOIMUYECKUX M3MEPEHUI BbICKa3al
A.C. CkupugoB. Eme B 1927-193Br oH mnoJy4us HECKOJBKO aBTOPCKHUX
CBUETENHCTB Ha Pa3pabOTKH MO aBTOMAaTHYECKOMY BBHIYEPUYMBAHUIO TOPU3OHTANIEH
MyTeM CPaBHEHMsI IJIOTHOCTEH BOKPYT MICHTUYHBIX TOYEK Mapbl POTOM300paKEHUH.
B 1934 A.C. CkupuaoB mucaji, 4dYTO «...HY)KHO TpU3BaTh Ha [OMOIIb
dorosnexktpuueckuii  3pGeKT U UM 3aMEHUTh YEJIOBEUECKMH IJa3 C €ro
CTEpEOCKOINEH pU PUCOBKE penbeda...».

[lepsoie poccuiickue LIOPC Obuin mpeacrasneHsl Ha koHrpecce MO®/I3,
npoxoausiieM B 199G. B Bene. B nmanbHeiiem BbIICTWINCH JBa THUMA CTAHIUH,
HanOoJee MOJTHO OTBEYAIOIINX BCEM TPpeOOBaHUSIM MTPOU3BOJICTBA.

Omna w3 Hmx — IL[DOPC «Jlenpra» — co3maHa B pe3y/abrare TBOPYECKOTO
corpynauuectBa pororpammerundeckoro otaena [IHUMT'AuK u xomnexktuBa Ghupmsl
«l'eocucrem», CIOXKHBIIETOCS B Tropojae BuHHHIIE Ha VYKpauHe, CTaBIlIEH
He3aBUCUMBIM TocynapctBoM nocie pacnaga CCCP. O6uiee pyKoBOACTBO paboTamu
Haj oToi ctaHmuend ocymectBisuim [LA. 3otoB u C.B. Omneitnuk. K moaroroBke
MIPOTPaAMMHOTO 00€CTICUCHUS TTPUBJICKATNCH U APYTHUE CIIENUATUCThI. B yacTHOCTH —
JUTSL  3a]add  TOCTPOCHUS W ypaBHUBaHUS (OTOTPHAHTYISIIUUA OCYIIECTBICHA
rIyOoKass —uHTerpamnus TexHonormyeckoro maketa LOPC ¢ kommuiekcom
aHAIUTUYECKOM 00pabOTKU  pe3yabTaToB  (OTOTPAMMETPUUYECKUX  H3MEPEHHH,
cocrasiieHHbIM M.T. AHTHUIIOBBIM M XOPOILIO NMPOBEPEHHBIM K TOMY BPEMEHH 3a T'OJIbI
IITUPOKOTO MPUMEHEHHUSI B TIPOU3BOJCTBEHHBIX MPEATPUATHSIX.

Hpyras ILPCP, nonyuuBmias Ha3zBaHue «PDOTOMOI», ABISETCS MPOIYKTOM
poccuiickoil pupmel «Pakypce».

O06e Ha3BaHHBIE CTAaHIMHU IIMPOKO pACIPOCTpPAHEHbI HE TOJIbKO Poccuu u
cTpanax, BxoauBmux panee B CCCP, Ho m 3a ux mnpeaenaMu. OTH CTAHIUU
MO3BOJISIIOT pelllaTh BCE 3aJaud MOCTPOEHUS IU(GPOBBIX MOJEIEH M COCTABICHUS



U(POBBIX KapT KakK MO a3po(hOTOCHUMKAM, TaK U MO0 U300paKEHUAM, MOIYYEHHBIM C
MCKYCCTBEHHBIX CITyTHUKOB 3€MJIU.

Beimyck  npeumsuoHHblx  (pororpammerpuueckux — ckanepoB  DC-30,
npelHa3HauYeHHBbIX 71 MpeoOpa3oBaHUs aHAJIOTOBBIX H300pa)keHUH B IU(GPOBYIO
dbopMy, HalaKeH Ha OKCIIEPUMEHTAJBbHOM  ONTHUKO-MEXaHUYECKOM  3aBOJE
[MTHUNT'AuK. DToT ckanep obecneunBan paspeiienue 10 2300 dpireomerpudeckyro
TOYHOCTh 3 MKM M TIO3BOJISIIT CKaHUPOBaTh (porocHUMKH, uMeBine hopmat o 30x30
CM.

HoBoe HampaBinenue B (POTOrpaMMETpUM BO3HHUKJIO B CBSI3U C 3alIyCKOM
MCKYCCTBEHHBIX CIyTHHUKOB, 3apOXICHHEM KOocMHUYecKoro ¢ororpadupoBaHus H
MCIIOJIb30BaHUEM €TO PE3YNIbTAaTOB AJIs PEIICHUS IPAKTUYECKHX 3a7ay.

BrnepBbie kocMuyeckasi chemka JlyHbl Oblia BbINONHEHA B OKTs0pe 1959T. ¢
aBTomMarnyeckoi craHuuu <«Jlyna-3». Ha OopTy »5Toil cTaHIMM HaXOIWJIHChH
majodopmarHbie (oTOKaMephbl, 00OpyaoBaHUE IIsI (POTOXUMHYECKON 00pabOoTKH
IUICHKH, a TaKXe YCTpPOMCTBA JJis CUMTHIBAHMUS M Tepeaadyud u300paxkeHus. bbuia
choTtorpadupoBaHa MOYTH TOJOBMHA IOBEPXHOCTU JIyHBI, MpUYEM JABE TPETH
CHUMKOB IIPUXOJUINCH HA HEBUAUMYIO CTOPOHY €€.

3aremM cheMKa ydacTKoB JIyHbI MHOTOKpPATHO BbIMOJHsIach B 1966-1973r. kak
CO CIyTHHUKOB cepuii «JIlyHa» u «3oHm», odneraBmux JIyHy, Tak U ¢ aBTOMaTHYECKUX
CaMOXOJ[HBIX alIMapaToB, OMYCKaBIIMXCA Ha MOBepXHOCTh JlyHbl. B uTore Obuin
MOJyYeHBbl U300paKEHUSI TPEX TUIOB: (HOTOTENEBU3HOHHBIC, PAJAMOIIOKAIIMOHHbBIE U
oObruHbIe (poTOrpaduueckue, caenaHHbie co CHyTHUKOB <«3oHa». I[locne obnera
JlyHBI 3TH CIYyTHHKM BO3BpAlAJINCh K 3eMJ€ MU HSKCIHOHHUPOBAaHHAs (HOTOIUICHKA
JOCTaBIISIACh Ha 3EMITIO.

K o6paborke caumkoB npusnekanuch corpynuuku MUUT'AuK, ITHUUTAuK,
ActpoHomuueckoro uHctutyra Axagemun Hayk CCCP u npyrux opranuzaunmii. B
uTOre OBLIM COCTABJIEHBI KapThl HA Pa3Hble YYACTKU KaK BUIAMMOM, TaKk U 0OpaTHOU
ctoponsl JIynsl. Macmirab kapTt, MoJy4eHHbIX [0 CIyTHUKOBBIM CHUMKaM, KoJjiebacs
B npeaenax or 1:IM go 1:10M (M — musutnon). TlepBas nonHas kapra JIyHsl umena
macmtad 1:5M. Beln u3rotoBieH takke mojHbd mo0yc JIynel. Ha orpanudeHHBIC
YYaCTKM yJAJOCh COCTAaBUTh IUIAHBI OUYEHb KPYMHOTo Macmrada Mo JaHHBIM
CaMOXOJHBIX aNmaparos.

B konue 1971 coBerckue kocMuyeckue anmapathl «Mapc-2» u «Mapc-3», Ha
KOTOPBIX OBLTM YCTAHOBJIEHBI (OTOTENECBU3MOHHBIE CHEMOYHBIE CHUCTEMbI, HadajH
nepenavdyy u300pakeHUM MoBepxXxHOCTH Mapca, B ToM uucie nBeTHbix. B 1974
conyTHUKH «Mapc-4» u  «Mape-5» npogomkwin  ¢ceeMKy. [lo  momydeHHBIM
nzoopakenusm B [ITHUMUTAuK cocraBnens! kapTel macmitadbl 1:5M, a Ha OTIEIbHBIC
yuactku — B 10 pa3 kpymuee. [lo n3o0pakeHusIM KpaeB JUCKa IUIAHETHI YIajJoCh
TaK)ke MOCTPOUTH Mpoduiu peineda ee.

OKCNEepUMEHTBI, CBA3aHHBIE C COCTABICHUEM KapT MOBEPXHOCTU IUIAHETHI
Benepa, Obui mpUypoOUYEHBbI K 3allyCKy aBTOMATHMUECKUX MEXKIUIAHETHBIX CTAHIIMMA
cepun «Benepa» B 1974-1983rogax. M3-3a mioTHON 00JIa4HOCTH, 3aKpbIBAIOIICH
IUTAHETY, Il CbEMKHM NPHUHAT PpaguoOKalMOHHBIM Meron. IlpakTtuyeckumu
pe3ynbraramu 3Tux padot, nmpoBoausiuxcsa B [IHUMT'AuK coBmecTtHO ¢ Akanemueit
Hayk CCCP, sBistorcs THIICOMETpUYECKHE KapThl B Macmrabe 1:5M wu amnac



MOBEPXHOCTH TUIaHETHl. B amiace neTambHO NPEACTaBICHbI MCXOJHBIE MaTepHalIbl
CHEMKH, a TAK)KE Pe3yabTaThl X 00OPAOOTKH U WHTEPIIPETAIIIH.

Pa3BuUTHIO  KOCMHUYECKHX  CBEMOK  CIIOCOOCTBOBAJIO  pEIICHHWE  psAna
TEOPETUYECKUX TPOoOIeM, B TOM 4YHCIE pa3paboTka TE€OMETPHUYECKON MOIemH
dbopMUpOBaHUS PAAMONOKAIMOHHBIX HM300pa)KEHWH W  HCIONb30BaHWE WX B
dororpammeTpudeckux 3amadax. Croma K€ OTHOCATCS METOABl  KaTuOpPOBKU
CHEMOYHOH ammapaTypbl, KOOPIUHATHON MPUBA3KKA MATepUaIOB ChEMKH, YTOUHCHUS
OpOUTANBHBIX W HABUTAIIMOHHBIX MapaMeTPOB aBTOMATUYECKUX CTAHIIMNA, 3aKOHBI
CTEPEOCKONIMYECKOTO  BOCIPHUATHS ~ TMEPEKPHIBAIOUIMXCS  PaJAMOIOKAIMOHHBIX
n3o0paxenuii. O6001IeHIE BHIIOIHEHHBIX UCCeNoBaHul qaHo B MoHorpaguu H0.C.
Tropmmna «Kocmuueckast pororpammerpusi» (1986.) u B kHUrax Apyrux aBTOpoB.

[TnanomepHoe ¢otorpadupoBanue 3eMian C MAJIOTHPYEMBIX W aBTOMATHUECKUX
KocMUYecKux ammapatoB Hadaro B 1960x romax. B 1973 . Obin oOpasoBan
[ocymapcTBeHHBI ~ HAy4HO-WCCIEIOBATENbCKAUA W MPOW3BOJACTBEHHBIH  IEHTP
«[Ipupoma», KoTopoMy TOpy4YeHa pa3padOTKa METOIOB, CPEICTB W TEXHOJOTHMA
NoJMyueHus, OOpabOTKHM,  XpaHEHWs, pACIpPOCTPaHEHHWs W  HCIOJIh30BAHMUS
a’pPOKOCMHUYIECKON HH(OPMALIUH.

C uenpl0 TONyYEHHUsT MaTepuajoB IJs pEIICHUs 3aad MPHUPOIOBEICHUS,
TEMaTHYECKOTO U TOMOTpaPuIecKoro KapTorpadupoBaHus OBLJIO CO3MaHO HECKOJIBKO
MOKOJICHUH KOCMHUYECKUX CIHEIUATU3UPOBAaHHBIX KOMIUIEKCOB «Pecypc-D», B
KOTOpPBIX, B OTIMYUE OT psAda CIYTHUKOB JPYIMX CTpaH, 32 OCHOBY IOJYYECHHS
uH(poOpMaIuu ObLI MPHUHIT MPUHLMUI TpaauluoHHOTO (oTtorpaduposanus. C 1974
ocymiectBieHo 6osiee 100 3amycKoB KOPOTKOTIEPUOTUIECKIX CITYTHUKOB. C KaK70T0
TAKOro CIYTHUKAa IO 33JaHHOM MpOrpaMMe BBIMONHSJIACH CBhEMKA, a 3aTeM
Marepuaibl pororpa@upoBaHus MOCPEICTBOM CIYCKaeMOro ammnapara J0CTaBIsINCh
Ha 3emmo. Kpome TOro, ObLIM CO3MaHBI U BBIBOAMJIUCH Ha OpPOUTY KOCMHUYECKHE
KoMIUIekchl cepun «Kocmoc». Bce opuruHanbHbBIC, MEpPBUYHBIE (OTOMATEPHUATIBI
Hanpasisuich B [ocuientp «lIpupoma», hoHa kocMudeckor HHGOpMaU B KOTOPOM
JOCTUT TPUMEPHO 2 MJIH CHUMKOB 3E€MHOW TIOBEPXHOCTH (MHOTO30HAJIBHBIX,
CIEKTPO30HAIBHBIX M MaHxpoMarudeckux). CHumku cepun  «Pecypc-O» ¢
paspemenreM 5-10 m pacnpoctpansuiuck 6onee yem B 80 cTpaHax, a dYHCIO
norpeduTesei STHX CHUMKOB MPEBBIIIATIO OJHY THICSUY.

s kocmuueckoro dotorpadupoBanus ciayxkuiu ¢otoanmaparsl TK-350u TK-
1000. ®orocHUMKHU 3TUX (POTOAMIAPATOB, 004N BRICOKUMU U3MEPHUTEIBLHBIMUA U
nemrpoBOYHBIMU cBOMcTBaMH. OHH, a TakXke Apyrue Marepuagbl U JIaHHBIC
COCTaBWIM HMH(POPMAIIMOHHYIO OCHOBY, KOTOpas peajn30BbIBaJach CIOXKHBIMU
anmapaTHO-IPOTPAMMHBIMU CPEICTBAMHU M TEXHOJIOTUSMH CO3TaHUS U OOHOBIICHUS
ugpoBbix Tonorpadpuueckux kapt g0 macmrada 1:10000skmtountensho. [lo aTrm
CHUMKaM OCYIIECTBISIOCh TaK)Ke KOMIUIEKCHOE KapTorpadupoBaHUE MPUPOIHBIX
peCypcoB M KapTorpaguuecKuii MOHHUTOPUHT COCTOSIHUS M JUHAMHUKU Pa3TAIHBIX
TIPUPOIHBIX M aHTPOIIOTEHHBIX TIPOIECCOB.

Bonemroit Bkian B yenexu T'ocuientpa «lIpupoma» Baecau F0.I1. Kuenko u E.A.
Pemeros.

PaGoTel mo HaOMIONEHWIO 32 MPUPOAHON CPEION BBIMOIHSINCH HE TOJIBKO IIO
POCCUMCKUM, HO M TI0 MEXAYHapoaHbIM mporpamMmmam. Tak B 1996-1999r. Ha



NUJIOTHPYEMON KOocMUYecKor cTaHimu «Mup» padoran moayns «lIpupona». [Ipuem
uHpoOpMaruu ocymiectBisuics B ropogax OOHuHCK (Poccusi) w  Hoftmrepomi
(Tepmanus). Mo sToii wHGOpPMAIMK TIPOBEICHBI PA3HOOOPA3HBIC O MCCIICAOBAHUS U
sKcriepuMeHThl. Cpeld HUX: W3Y4YeHHE. THAPOJIOTMYECKOTO COCTOSHMS TIOYBBI U
armocdepsr (coBmectHo bonrapueii, Uranueit, CILIA, I'epmanueii); pacmpeaeieHus
MaJIbIX Ta30BBIX cocTaBisitommx B arMochepe (coBmectHo ¢ CHIA u ®pannueii);
IKOJIOTHYECKUX mpobsieM (coBMecTHO ¢ KazaxcraHom). B mrore, moMuMo perieHwsI
KOHKPETHBIX 33/1a4, 0OTpaboTaHa METOAMKA KOMIUJIEKCHBIX KOCMHUYECKUX HAOMIOIEHHIM
Y KBa3MCUHXPOHHBIX MOACITYTHUKOBBIX U3MEPEHUIA.

Xors B CCCP m Poccum B XX Beke HE 3alyCKalIWCh CITyTHUKH IS
AUCTAHIIMOHHOTO 30HAMPOBAHMS 3€MJIM C ONTHUKO—AJIEKTPOHHBIMU CEHCOPaMH
BbICOKOTO pazpeuieHusi, [ocuentp «lIpupoma» mposBUI MHTEpPEC K M300paKEHUSM,
MOJyYeHHBIM HE TOJNbKO (poTorpaduiyecKuMu, HO U HUPPOBBIMH Kamepamu. M B
nepBeie Toabl XX| Bexka B Pockaprorpadum B3AT Kypc Ha Iepexon  OT
doTorpa@uueckux K ONEPATUBHBIM ONTHKO-JIEKTPOHHBIM KOCMHUYECKUM METOIaM
nosyuyenust tHGopmanuu. Hauara noaroroska k npuemy u o0padotke nHGOpMaLIUU C
HOBBIX BBICOKOA((EKTUBHBIX ammaparoB JIUCTAHIIMOHHOTO 30HIMPOBAHMS 3EMIIH
tuna «Pecypc-JIK» u «Monutop-O». IlepBrie Takue CHOYTHUKH, MO3BOJISIOIINAE
peniarb COBOKYNMHOCTh KapTorpauyecKux U MPUPOJOBEAUECKUX 3a/ad, BBEICHBI B
ctpoii B 2006 [lepcrieKTUBHBIMH TIJIaHAMH MPEAYCMOTPEHO CO3/1aTh KOCMUYECKYIO
IPYNIHUPOBKY HCKYCCTBEHHBIX CITyTHHKOB, OO€CHEeYMBAIOUIMX OOIIMi 0030p Bceil
3eMiu ¢ 3aJaHHOW MEePUOANYHOCTHIO, C Pa3HbIM IPOCTPAHCTBEHHBIM PAa3pEIICHUEM U
BO BCEX BO3MOXKHBIX JIMaNa30HaX 3IEKTPOMAarHUTHOTO CIIEKTpa.

Ponp mocpennukoB mo pacmpocTtpaHeHuto B Poccum  u3oOpaxkeHui, co
CIyTHUKOB JPYTUX CTpaH, B3sUIM Ha ceOsl OTAENIbHbIE KOMMEPUECKHE OpraHu3aliu.
Hampumep, xommanns «CoB30HI», opranu3zoBanHas B 1992, crama odurmaisHbIM
TUCTPUOBIOTOPOM JJIsl JI€CATKAa MHUPOBBIX JIMAEPOB B OOJIACTU TMOCTABKU JIAHHBIX
JUCTAaHIIMOHHOTO 30HAMpPOBaHMs. Yepe3 3Ty KOMIAHUIO MOIIIM TOJy4YaTh JaHHbBIE C
OOJIBIIMHCTBA JIEUCTBYIONIMX CIYTHUKOB, B TOM 4HCJIE€ OONAJAIOIIUX HAWBBICIIUM
paspenieHueM, He TOJbKO 3aKa3uukud U3 Poccuu, HO M U3 CTpaH, BBIACIUBLIMXCSA W3
CCCP.

B cBoeii nesrenbHocTH KoMnanusi «COB30HI» ONUpaiach Ha COTPYIHUYECTBO C
BBICIIMMHM ~ y4E€OHBIMM  3aBeIeHUSIMH. Tak TOATOTOBKA U  MEpPEernoAroToBKa
CHEIHAJIMCTOB MO IIU(PPOBBIM METO/IaM U TEXHOJOTUSAM 00pabOTKU a3pOKOCMUYECKON
uHpopManuu nocpeacTBoM mporpammubix  komriekcoB ENVI u ERDAS
OCyIIeCTBIsIach B UHHOBAMOHHOM IieHTpe «CI'TA-CoB3ona».

K 2008. Oonee monoBuHbl TeppuTopuu Poccun OBUIO MOKPBHITO CHUMKaMHU
BbICOKOTO paspermreHus co cmytHukoB WorldView, QuickBird, Ikonos, OrbViewB
ATOT MEPHUOA BCE KOMITAHUU-AUCTPUOBIOTOPHI OTMEYAIH €KETOHbII POCT 3aKa30B Ha
U300paKEHUsI CO CITyTHUKOB JIPYTHMX CTpaH. 3aka3dyMKaMu, B OCHOBHOM, SIBJISUIUCH
OpraHu3alliM, CBS3aHHBIE C H3YYEHUEM COCTOSHHUS OKpYXKAIOIIEH Cpeabl WIH
AKCIUTyaTaluen MpUpoJHbIX pecypcoB. B HayuHo#l nuTeparype cTpaHbl, B COOpHHUKAX
Pa3MYHBIX KOH(EPEHIMI, B TpyAaX BBICHIMX Y4E€OHBIX 3aBEACHHUI MyOJIMKOBAIOCH
MHOKECTBO CTaTeH, pacCKa3blBaIOIIMUX 00 YCIEIIHOM PEHIeHUH Pa3IMYHbIX 3aj]a4 10
JAHHBIM IMCTAHIIMOHHOTO 30HAUPOBAHUS 3EMIIH.



K koHiry XX Beka OTHOCATCS W MEPBbIE 3KCHEPUMEHTHI MO a3pOCHEMKE C
Ja3epHbIM ckaHupoBaHueM. OJHUM U3 MUOHEPOB PabOT B 3TOM HANpaBICHUU OBLI
E.M. MenBeneB, KpynHbIi CIIEHUATUCT M0 JIA3€PHO-JIOKALIMOHHBIM U JAPYTUM HOBBIM
a’pOCHEMOYHBIM CPEACTBAM U MPOTrpaMMHOMY oOecriedeHHto Jjisi HuX. OH aKTUBHO
poraraHaupoBajl METO/I BO3AYIITHOM JIa3€pHOM JIOKALUU B CTAThAX U BBICTYIUICHUSIX
Ha pa3jIMYHbIX HAy4YHbIX KOHPepeHuusx. [IpakTuuecku npuMeHsITh METO]l Ja3epHOM
JIOKallMM Hayalld TpPU HWHXKXEHEPHBIX U3bICKAHMSX, JUIsl KOTOPHIX TpeOoBajach
upoBas MoJIeNb penbeda MOBbIIIEHHON TOYHOCTH.

Baxnyio ponar B oOMeHe HayuHoM uH(popmanumeir B XX| Beke cTamu WUrparb
exxerognble MexayHapoanbsie KoHrpecchl «leo-Cubupb», HHULIIMATHBA MPOBEACHUS
kotopbix ucxoawia or CITA. 1o cogepkaHnio KOHIPECChl OXBaTbIBaJIM BCE HAYKH O
3emsie, B TOM uuciae U (OTOrpaMMETPHUIO KaK CpPEIACTBO [UJIsl JOKyMEHTAIHH
COCTOSIHMSI TIOBEPXHOCTH 3€MJIM. XOTS, KaK CJeIyeT M3 Ha3BaHUS KOHIPECCOB,
TEPPUTOPHAIBHO OHU OXBAaThIBAJIM JIUIIL YacTh Poccun oT Ypanbckux rop Ao oszepa
baiikan, TeM He MeHEee aKTMBHBIM YYAaCTHHKAMH KOHI'PECCOB ObLIM M3BECTHEHIINE B
npodeccuoHanbHbIX Kpyrax aestenu uz MO®D/I3, Benymiue ydeHble U3 KPYIHBIX
yHUBepcuTeTOoB EBpomnbl U A3uu, a Takke NpPEICTABUTENH BEAYLIUX MHUPOBBIX H
poccuiickux (GupMm, CBA3aHHBIX C (poTOrpamMMeTpudYecKuMH paboTamu, pa3pabOTKON
nmporpaMMHoOro ooecriedeHus uiau odopynosanus. Kadenpa dororpammerpun CITA,
koropyro ¢ 199In Bosmiabmsanm Al I'yk, Ha KaxIoM O4YepeIHOM KOHTrpecce
MpeCTaBisyia CBOM HOBbIE pa3paboTku. Bec um aBToputer Kadeapbl 3HAYUTETHHO
BBIUTPBIBAJI OT TOTO, YTO TaKHe BUIHBIE yueHble CHOMPCKOTO OTAeNeHus: AKageMuu
Hayk cTpanbl, kak JLK. 3sarekoBa, B.II. Ilatkun, IO.M. Ky3neuos, Benu
npernoiaBaHue Ha Kadenpe, T.e. PakTH4ecKu ObUIH €€ COTPYIHUKAMHU.

[TocpencTBOM KOHTPECCOB Ha4yald CKJIAAbIBAThCS MAPTHEPCKUE OTHOLICHUS
mexny MUNUT'AuK, CITA u psnom yHuBepcutreroB EBporbl, A3uum U AMEpHKH,
HAMETWJIUCh OOIKMe TMOAXOJAbl K COBEPIICHCTBOBAHUIO BBICIIETO OOpa30BaHUS B
oOnacTu Bcex HayK o 3emJjie, U B MEPBYIO ouepeab — reojie3u, GoTorpaMMeTpun U
KapTorpa@uu. Pany KpymHBIX Y4Y€HBIX U3 3apyO€kKHBIX YHHUBEPCUTETOB MPUCBOCHBI
3BaHusi mnodyeTHbIXx mpodeccopoB CITA. Cpeau mNONMy4MBIIMX 3TO 3BaHUE ObLI
BBIIAIOUIUICS JIeATeNlb MEXIYHApOJHOTo (hoTorpaMMeTpudeckoro coobmiectsa I.
Koneunbrii. O u ®. AkkepMaH cCTaJid TakXe TIOYETHBIMU MPOPeccopamu
MUUTAuK.

Jlo 196G coBeTckue crienUaIUCThI O (OTOrpaMMETPUHN MTPUHUMAIU y4acTHE B
COLIMAJIbHBIX, HAYYHBIX U OOIIECTBEHHBIX MEPONPUATHUSAX, UMEBUINX MECTO BHYTpPHU
CTpaHbl, B paMKax Bcecoro3HOro acTpoHOMO-Teone3nueckoro oomecTna. 3atemM ObLl
obpazoBan Hammonanpubeiii  komuter  (ororpammerpucroB  CCCP  (HK®),
OpPUHSBIIMKA Ha ce0s KoopAWHMpYMomKe (QYHKIMM Ha MpaBax OOIIECTBEHHOM
opranmzammu. B 1968. HK® Bomen B MexayHaponHoe (oTorpamMMeTpuieckoe
obmiectBo (M®O) Kak AeHCTBUTEIBHBINA YICH.

B 197G. na Xl xonrpecce M®PO, npoxomuBiiemM B crojuiie DOUHISHIWH,
Hanmonansnomy xomutery potorpammerpuctoB CCCP Ob110 10BEPEHO PyKOBOJICTBO
texunuecko komuccuu |l «Maremarnyeckuil aHaiv3 JaHHBIX», a MPE3UJIECHTOM
xomuccuu u3opan M.T. AnTunoB. MexiyHapOAHBIA CUMIIO3UYM 3TOM KOMHUCCHUU OBLIT
nposenieH B Mockee B 1978. B 198G. na Xlll konrpecce B I'ambypre, rne M®O



NepPEenMEHOBaHO B MexayHapoaHOe 0OIEeCTBO (DOTOrpaMMETPUH U TUCTAHIIMOHHOTO
souaupoBanus (MO®/3), W.T. AuTumoB wu30paH BTOPHIM BHIIE-TIPE3HICHTOM
obmectBa. [lo mopydenuto Torpamsero coBera oOmectBa WM. T. AHTUIIOB cocTaBMi
pOoeKThl HOBBIX Statusu By-Laws. ITu 10KyMEeHTBI ObLIM MPUHATHI OOIIECTBOM Ha
oduepeqHOM KoHrpecce B Ri0O de JaneiropjpuveM mnpeaBaputelibHas HE3aBUCUMAs
DKCIIEPTU3a  KOHCTAaTUPOBAJA, YTO MOATOTOBJIEHHBIE MPOEKThl  MPEBOCXOISAT
AHAJIOTMYHBIE JOKYMEHTBHI APYrMX OpraHusanuii, corpygHudaronmx ¢ MO®3. C
2004. N.T. Aatunos sBisieTcst wieHoM «Kiryba OenbIx CIIOHOB», CYIIECTBYIOIIETO
pu MOD/I3.

B 1996G. B Poccuu chopmupoBanach emie oaHa 0OIECTBEHHAsT OpraHu3alys, a
uMeHHO «Poccuiickoe 00LIECTBO COACUCTBUS Pa3BUTHIO oTorpammeTpun». [lepBbim
npesunentom ero n3opan FO.C. TrodauH. 310 061ecTBO Takxke BeTynmio B MOD]3
(Ha mpaBax acCONMUPOBAHHOTO WICHA) HA KOHTPecce, MPOXOAUBIIEM B TOM XKe TOAy B
Bene. Kcraru, Ha sTom xonrpecce FO.C. TodmnuH ynoctoeH 3050Toil meaanu bpoka
3a BKJIaJl B PEIICHHE TEOPETUYECKUX BOMPOCOB KapTorpadupoBaHUsi HEOECHBIX TE
ConHE4YHOM CUCTEMBI.

Eme onna narpaga MO®/I3 npucyxnena npeacraButento Poccun B 2004. Ha
KoHrpecce B AnHkape. Otum npencrtaBureneM Obul B.II. CaBUHBIX, BBITYCKHUK
MUWNT'AuK, craBmmii BOOCIEACTBUU JIETYUKOM-KOCMOHABTOM M y4aCTBOBABILIHI B
Tpex KOCMHUYECKHUX moserax. [locne okoHuaHus CBOEH JIETHOM Kapbepbl OH B TEUYEHUU
19 et 6n1 pextopom MUNT'AuK, rae mHOTOE Ccenan s MOATOTOBKH MH)XEHEPOB
0 BCEM CIIEUAIBHOCTSAM, B TOM 4ucie W 1o (ororpammerpuu. [lpu Hem
MUUNUT'AuK mnonmyuun craryc ynuBepcutera. B 2004 B.II. CaBunbix cran
Mpe3uAeHTOM 3Toro yHuBepcutTera. Kak Bbigarommiics nesarens, B.Il. CaBunbix
nonyuyui Harpany ['embima.

B nenom, cocrosinue gororpammerpun B Poccuu monmHOCTRIO OTBEYANIO dTanam
ee pa3BuTUs B NepenoBbIX crpaHax EBpomnbl u Amepuku. HayuHsle nccienoBaHus
POCCHICKHX YYEHBIX COOTBETCTBOBAJIIM MHUPOBOMY YPOBHIO, a MO PsAY HalpaBICHUN
POCCUICKHE CHEUUATUCThl JUAUPOBAIN. BbUIM cO374aHbl OpUTHHAIBHBIE TPUOOPHI,
TEXHOJIOTUM M  WHBIE  CPEICTBa,  MO3BOJsABIIME  3(PPEKTUBHO  pelarhb
IPOU3BOACTBEHHbIE 3a/1a4d. KOIMYECTBO CHEUHAIUCTOB C BBICHLIMM M CPEIHHUM
00pa3oBaHUEM, E€XKETOJHO BBIMYCKABIIMXCS YYEOHBIMU 3aBEIACHUSMHU, MOJHOCTHIO
YAOBJIETBOPSUIO TMOTpeOHOCTH cTpaHbl. [lpuMenenue xe (OTOrpaMMeTpUUECKUX
MetonoB B Poccum B XX Beke mo pa3maxy M macmradaM peniaeMbiX 3ajad
OecrnpereIeHTHO.

Pacniag CCCP otpuuarenbHO cKa3ajcs Ha BCEX OTPACISAX SKOHOMUKH U YCIIOBUAX
KU3HU MHOTHUX TpaxxaaH cTpaHbl. CHU3WIIUCH €KETO/IHbIE TOCYIapCTBEHHbBIC 3aKa3bl Ha
o0beMbl Tomorpado-reofe3ndeckux padbor, B TOM 4YHCIEe Ha OOHOBJICHHE KapT.
YMeHbIMIOCh  ()MHAHCUPOBAaHUE  HAyYHBIX  HMCCICIOBAHMN. YMmaln  IpPecTHXK
JOJDKHOCTEH MpernoAaBaresieid BhICIIUX YUYEOHBIX 3aBEJICHUI U HayYHbIX COTPYIHUKOB.
B pesynbrare yMEHbIIWIICA HNPUTOK MOJIOJBIX CHELNMAIMCTOB B HayKy, 1 HAMETHIIOCH
CTapeHUE psAa Hay4YHbIX KOJUIEKTMBOB. Bce 3TO CHU3WIO TEMIIbl pPa3BUTHUS
¢dororpammerpun B crpaHe. Ho B uctopum Poccum He pa3 BO3HUKAIU TPYIHBIE
NEPUOABI, OJHAKO CTpaHa BCEra BbIXOAWJA W3 HUX OKpemniel. Poccuiickue Hapomabl



COXpaHWJIM YBEPEHHOCTh B TOM, uTo B XXI| Beke cTpaHy >kaeT Omaromoiydue u
IPOLBETAHUE.
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In Russia some interest in photogrammetry was fegealed at the end of the
XIX century. Many enthusiasts (scientists, engisemnd inventors) worked in this
field. At its earliest stage photogrammetry devebboth on the basis of the
experience taken from abroad and that of the hamgeal decisions and equipment.

In 1885 Aeronautical crew was formed in Russia arilte command of the
military engineer A.M. Kovanko. In May 1886 he bewathe first in Russia to take a
photograph from the balloon during a flight over-Beétersburg. Special camera
constructed by V.I. Sreznevsky was used for thippse. Since 1887 photographic
film was used in aerial cameras.

The first phototheodolite mapping was conducted NbD. Willer in the
Caucasus in 1891.

R.Yu. Tile was one of those who made much for pagpzétion of
photogrammetry. He got education in Dresden arel labrked at the Ministry of
Railways in Russia. In 1896 R.Yu. Tile visited soceeintries of Europe and the USA
where he studied the practice of photogrammetrithaws. In 1897 R.Yu. Tile took
part in phototheodolite surveying (being at thedhed it) for projecting the line
connecting the railroads of Transbaikalia and Manieh The topographic map with
the projected railway line was exhibited at thei$?@rorld Fair.

In the years that followed, R.Yu. Tile carried sotme more topographic surveys
for railroads and large engineering constructiossigl both phototheodolite and
photography from the balloon. In 1899 R.Yu. Tilesigmed a special photocamera —
“panoramograph”, incorporating six cameras withlided optical axes around the
central camera with a vertical optical axis. Thevide allowed receiving a complete
cycloramic terrain image. The panoramograph waglggpwith a special device to
let all the camera shutters act simultaneously arign the focal plane-plate of the
central camera was horizontal. In 1902 the firsijp gbhotography in Russia was
performed from the balloon supplied with panoranapd

In 1908 -1909 the three-volume monograph “Photagogohy in Modern
Development” by R.Yu. Tile was published. It an&gzterrestrial and aerial
photogrammetry and described all the instrumené&thads of image processing and
the range of photogrammetry application known at time.



There were also other specialists who made a geeatribution to the
development of photogrammetry in Russia at theryegg of the XIX century. As,
for example, V.F. Naydenov, who was the first tokenégopographic maps by aerial
images. He constructed phototransformer for comgeiblique images into vertical
ones. In 1908 his book “Measuring Photography asdJke in Aeronautics” was
published.

In Russia, likewise all over the world, a great aopto the development of
photogrammetry was made by the advent of aviatByeat attention was paid to the
aerial photographic survey and photogrammetry byitary departments. A
reconnaissance survey was established in the Russmy. In 1913 a military
engineer V.F. Potte invented a film camera forpsénd block aerial photography.
During the World War 1 all significant military opations at the fronts were
supported by aerial photography. Images servedfootteconnaissance and as initial
data for topographic maps updating, as well asnfaking new maps for military
purposes.

In 1917 two revolutions took place in Russia, whigtre followed by the Civil
war. The events resulted in dethronement of theamadty replaced by the new social
and political system. Instead of the former courittg Union of Soviet Socialist
Republics (USSR) was formed with Russia as its.cAceording to one of the first
decrees of the new government the Main GeodeticiAdtration (MGA) with the
functions of the geodetic and cartographic survesas vestablished. It was also
charged to conduct regular topographic surveyshef dountry. In the years that
followed, the MGA was reformed time and again. 8id®92 it has been called
Roscartographia.

The period of 1917-1991 of the photogrammetry dgwelent in USSR may be
conventionally called a Soviet one. Though the US8Red several republics, the
most important processes reflecting the state ef Sbviet photogrammetry took
place in Russia. In 1991 the USSR disintegrated 1t independent states, which
established their own social and economic reguiaticAs concerns Russia, it
inherited everything connected with the Soviet pgommetry on its territory. Thus
there are total reasons to consider the histofigussian photogrammetry as a single
whole with the Soviet period.

As far back as in autumn 1918 the aerial surveytdpographic mapping was
started. Approximately at the same time the MiitAr Forces established the school
of aerial survey including special departments faerial photography,
photolaboratory processing and photogrammetry. gktsime later photogrammetry
was started to be taught in other educationaltutgins: since 1920 — in Moscow
surveying institute, since 1921 — in Military-engéring academy (later Military-
engineering university), since 1923 — in Militagpbgraphic school (later Saint-
Petersburg branch of the Military-Engineering Unsigy). In 1925 the department of
photogrammetry was established at Moscow Surveyimgfitute, with N.M.
Alexapolsky at the head. Afterwards it was subddidinto photogrammetry
department and that of aerial survey. The spetsdliee V.S. Tsvet-Kolyadinsky and
P.P. Sokolov were invited to teach there. A.S. iB&wr and F.V. Drobyshev started
their teaching career just at this department. Rignhahead, it should be noted, that



in 1930 Moscow surveying institute was divided iniwo independent higher
educational establishments: the Moscow Institut&fineers for Geodesy, Aerial
Photography and Cartography (MIIGAIK) and the Maoscanstitute of Land
Management (now the State University of Land Manayd). The latter included the
department of aerial photographic survey. In 19®&2department of photogrammetry
was organized at Military-Engineering Academy adl,waith N.M. Alexapolsky
being the first head of it.

1920 saw an appearance of aerogeodetic enterpmiglascertain territories
assigned to them. The enterprises were chargedrtg cut all the topographic and
surveying works on their territories. Each enteprincorporated a photogrammetry
department. Before long the number of aerial suemgrprises amounted to thirty.
Their activities were guided by the unified stasndards and plans.

In 1923 a voluntary association Dobrolet was formetich incorporated the
state bureau for aerial survey, headed by M.D. &oeBruyevitch. The department of
aerial photography of the bureau was headed byTé&t- Kolyadinsky. In addition
to the above mentioned, the department of aerialeyuwas established at
Ukrvozduhoput. Later the two subdivisions joined ftom the state enterprise
Gosaerosyomka (State aerial survey) which becarparaof the Main Geodetic
Administration.

In 1923-1924 the Soviet government allotted sigaifft funds on both
manufacturing domestic instruments and buying #test equipment abroad to be
used in aerial surveys and photogrammetric works.eBpensive complicated high-
precision streophotogrammetric instruments likeestplanigraph did not suffice for
the Soviet Union with its huge territories. It welear that to promote topographic
mapping, simpler and more efficient methods of pgoammetry were needed.

First of all, the attention of scientists and mamutfirers was drawn to the
combined method of surveying. In this case, toivecplanimetric components of the
map, the photomap was made which was later intixghri@ the field, and the relief
was mapped by means of the plane-table surveypithigre control points to be used
for rectification of images and mosaicking origigalvere determined through
geodetic surveys. Beginning with 1929 graphicaltptiangulation came into use for
this purpose. For image rectification, photoreetsi of Russil (France) and Luftbild
(German) were used, moreover the last one was wagdrby N.M. Alexapolsky and
P.P. Sokolov. In addition to the mentioned theifiecs of the Moscow Institute of
Geodesy and those of professor Sokolov were emgloye scale and adjust
phototriangulations networks, the production of Ne®pov magnifiers was started.

A lot of the credit must go to professor N.M. Algxésky for the development
and introduction of the combined method. In additio the latter, F.V. Drobyshchev
and M.D. Konshin became pioneers in using graphicaigulation in the country on
the basis of the research of Finsterwalder (Gerpnang G.P. Zhukov.

Efforts were made to replace a graphical triangutaby some more efficient
one. In 1929 V.F. Deyneko developed an analytieation of phototriangulation. The
plant “Aerogeopribor’ produced several copies &f Brobyshev nadir-triangulator.
The device was capable of doing the same operatensKarl Zeiss” radial-
triangulator. Still graphical phototriangulation nrained the basic method for



extension of horizontal control for a long time. MWayears had passed before
photopoligonometry came into use though the priecivas offered by F.V.
Drobyshev as early as in 1930.

At the end of the 20s of the last century alongsuite topographic mapping,
aerial photography and photogrammetry came into fmse natural resources
exploration. In 1925 a trial aerial forest surveydgd by P.M. Orlov and V.M. Platon
was conducted in the Tver region. As compared withfield maps of the ground
survey traditional at that time, the aerial mosaiesvided more detailed information
on the forest state. In the same year a speciainagtion was established to deal
with aerial surveying for land management. In 192@7 V.F Deyneko and N.N.
Veselovsky were in charge of the pilot aerial symg of the cities. The survey of the
\Volga tract was also conducted in order to studywaterway and rifts. An aerial
survey of the large area was conducted for roufiakestan-Siberian railway. The
experience acquired and the techniques, develampethé above mentioned works,
provided the basis for the subsequent surveyseokitid.

It is obvious that the combined method of topogmasurveying based on the
plane-table was inappropriate for surveying mounuas areas. That is why in 1929 -
1937 the 1:100,000 scale maps of the large Pam& were made by means of the
ground stereophotogrammetric survey. But the coetbimethod could not provide
prompt mapping of the country vast plane territoraes well. In 1928 the State
Institute of Geodesy and Cartography (now Centregerch Institute of Geodesy,
Aerial Survey and Cartography, TSNIIGAIK) was edisled in Moscow and a year
later — the research institute of aerial survey @émingrad (now Saint-Petersburg).
Consequently the two institutes were united. Thecsists of the two institutes
together with the scientists of the Research utstiof Military Topographic Survey
had to look for the efficient methods of relief\wsey by means of aerial photography.
This kind of research was conducted at higher éducd establishments as well.

Though the universal method of image processinghbgns of analogue stereo
restitution-devices was not in common practiceyas still used. Unfortunately the
share of stereo-restitution techniques was nedgigdocover the vast territories under
survey. The theoretical investigations in this dii@, conducted by professor A.S.
Skiridov, enriched and summarized the experiencatleér countries. He offered the
method of extension which permitted to process esgige stereopairs of the strip.
On his initiative the light colour floating mark wanstalled in the instrument called
“stereouniversal’, produced in a small batch in1:9335.

Unfortunately there were no instrument-making @aattthat time to start mass
production of complex photogrammetric instrumertsnieet the demands of the
State topographic survey. On the other hand, thguensamples of foreign analog
photogrammetric instruments could not help with th& coverage of the country.
That is why the efforts of specialists were to beused on finding some simpler
methods of ground survey.

As concerns topographic surveys of 1:50,000 andQl@D0 scales with contour
interval minimum 10 m, one of the simplified metBo@vas initiated by G.F.
Gapochko who offered drawing contour lines by meae stereoscope. Preliminary
on a stereoscopic model it was necessary to défghts of the big number of



surveying stakes, placing them on the featuret®fte¢rrain relief. For definition of
elevations it was necessary to conduct photogramomettension of control points
for the stereopair.

For all plotting scales the problem of photogrammetontouring was solved
by F.V. Drobyshev who offered rather a simple mmstent - a topographic
stereometer. The production of topographic steréerme was started at
“Aerogeopribor” plant in 1933. The instrument compd a measuring stereoscope
with photo carriages and threads as the floatintksna ' he photoprints were placed
into carriages. The instrument had correction meisinas to control mutual
displacement of carriages and threads. With prgetjusted correction mechanism
the horizontal parallaxes screw reading remainatstemt for all the stereoscopic
model points of equal heights. The points with kinewn heights, distributed in a
standard scheme, served as initial data for imagemtation in a topographic
stereometer. Then the necessary parallax screwngeadhs calculated for each
contour and the points of the contour were penailedhe right photograph where
the spatial measuring threads crossed the surfdbe stereoscopic model.

Originally the topographic stereometer was desigfeddrawing relief with
rather small horizontal parallax differences. Batet, as recommended by M.D.
Konshin, additional correction mechanisms were oshiiced that enhanced the
application field of the instrument as far as pesteg images of mountainous
regions.

To transfer the contours to the map, the photograpls reduced and the
received negative was rectified with a specialgotyr. When necessary, rectification
was conducted by zones.

Several suggestions were made on how to deterntenat®mns of the points for
proper orientation of stereopairs by a topograpteceometer.

“The method of the direct line”, developed by GRomanovsky, is of interest
even nowadays. It permitted determination of poatésation in photographs using a
measuring stereoscope. F.V. Drobyshev suggestadsd¢oparallactic sine bars to
realize the method. The idea of the method wasdbasethe statement that the
deformations of coordinates and parallaxes ardynequal for closely spaced picture
points. Thus the parallax and coordinate differerafesuch points may be considered
correct to some degree. Choosing the identifialdmtp close to the direct line,
connecting two initial control points, one can fitiek height of the chosen point by
measuring the parallax difference between this tpamd the nearest point of the
direct line, as well as by interpolating the hegybf the initial control points to the
nearest point.

G.V. Romanovsky and M.D. Konshin developed the wetbf “undistorted
model” to be used for photogrammetric extensioraritrol points. It was based on
the statement according to which in a stereopaordinate system there is an
interdependence between vertical parallaxes andrmdations of horizontal ones.
Thus, when vertical parallaxes of some stereopaintp are measured, it is possible
to apply corrections for the horizontal parallaxasd consequently receive
undistorted heights of the points. For realisatodrthis method stereocomparators
were required and their manufacture has been adjusind Romanovsky’s



suggestions were used in an instrument design. piéasion stereometer» of F.V.
Drobyshev was also used. This device, as a mdtfacth was conceptually identical
with a stereocomparator completed with correcti@tinanisms.

The methods of the direct line and undistorted rhodere not widely
recognized. Preference was given to the technideresloped at the Central Research
Institute of Geodesy, Aerial Survey and Cartogragthe process of extension of a
vertical control was partitioned into a number pémations.

First of all, the elements of images relative aia¢ion were determined by
means of stereocomparator measurements. The a@ahlgblution of the relative-
orientation problem was found by A.S. Skiridov @ back as 1928. Later G.P.
Zhukov derived simple formulae for solving this pkem, using for calculation an
arithmometer or a slide-rule.

Through the elements of relative orientation angealaments of images exterior
orientation were calculated in the conventionalrdowmte system of the strip. Then
corrections for tilt were applied to abscissas lo¢ fpoints. Special measuring
transparencies made for the typical focal distaacelssome preset angle values were
used for the purpose. The values of the correcttaken from the transparencies
overlaying the picture were specified for the défece between the actual tilt and the
preset value. As a result horizontal parallaxesewgst and the points’ elevations
were calculated. Then the stereopairs were unitedthe free vertical control net,
which subsequently was externally oriented with wiameous elimination
deformations. Horizontal positions of the pointeded for the external orientation
were achieved by graphical phototriangulation.

The techniques used before for receiving planimetomponents of maps, one
of the variants of vertical control extension, @élidrawing by topographic
stereometer which was followed by transferring oand onto the map provided the
basis for the differential method of aerial phopmigraphy. The theoretical basis for
the method was made by M.D. Konshin and G.V. Rovskyw The method used for
more than twenty years was an aid in solving thgentr problem of making
topographic map (scale 1:100,000) for the wholattey of the USSR. At the same
time the surveys of the vast areas were condueted fer larger scales.

Production of the upgraded equipment for aerialt@in@phy, primarily, wide-
angle aerial cameras, made a great contributionapping. Computation of camera
lenses was facilitated by the research of the emhig@entist-optician M.M. Rusinov.
Guided by the phenomenon of aberration vignettchgcovered by him in 1938) he
worked out the construction diagram for the widglariens with low distortion and
improved (compared to the former lenses) illumoratdistribution all over the
frame.

The Karl Zeiss aerial cameras of that time didsuit for the new lenses. That is
why they were upgraded at the Central Researchutesbf Geodesy, Aerial Survey
and Cartography under the supervision of S.P. $hakd G.G. Gordon. As a result
the new wide-angle aerial camera®A T with 180x180mm frame, focal distances
100mm and 70mm (later 55mm and 36mm) were produBedal cameras with
focal distances 140, 200, 350, and 500mm werepatsduced.



The ideas put forward by M.M. Rusinov were suppbite other countries as
well. In 1972 the French Academy of sciences awdahdm with E. Lossed prize.

For A®A TD with focal distances 70, 100 and 200 mm the stzatg platform
H-55 with gyroscopes was developed. It made passsbhnding the tilt angle of
about 15, with the limiting value of’1

Much attention was paid to the techniques and eevicsed for the
determination of the images exterior orientatioenents. K.P. Bychkovsky and
Yu.S. Dobrokhotov developed some models of stafmssol.L.Gil created radio
altimeter PB-10 and A.l. Gruzinov — radiogeodeyistem.

The above mentioned and some other works on upgyadihe aerial
photography equipment guided by G.V. Romanovskywa$f as the use of new
aircrafts and the transition to the instrumentalnavigation made it possible to
improve the quality of aerial photographs and ralZze some processes of
horizontal and vertical control extension. All thesulted in the reduction of the field
works volume.

Of great importance for that period was the corsiva diagram for the aerial
slit-camera developed by V.I. Semyonov (1936). MRUsinov designed a wide-
angle lens for it, with angular field of 126 this camera thehotographs were taken
through the narrow slit to the continuously movifiigh. Conceptually it was the
prototype of scanning cameras. Thus, it was theksvdoy V.I. Semyonov that
initiated the development of slit photography. he tUSA this kind of cameras
appeared only six years later.

The role of photogrammetry constantly growing, fisndamentals were
introduced and taught as one of the sections ofi@goor as a special discipline in
many higher educational establishments of the cgufhose specializing in civil
engineering, transport, agriculture, mining, andyigchnic). The departments of
photogrammetry appeared in some of them. Littlelitthe independent scientific
schools headed by qualified scientists were foratethese departments. Professors
V.Ya. Finkovsky (the Lvov Polytechnic Institute),lVPavlov (Leningrad Mining
Institute) and A. Bukholts (Riga Polytechnic Instg) were among them. By the way,
in 1947 -1960 A. Bukholts worked in Drezden Higfechnical School (Germany).
These departments were engaged both in academicresshrch work. Many
specialists were trained by them.

In 1939 the faculty of geodesy of the NovosibirskilCEngineering Institute
was reorganized into the Novosibirsk Institute afgleers for Geodesy, Aerial
Photography and Cartography (NIIGAIK), later rendmato the Siberian State
Academy of Geodesy (SSAG). It was the second (dfterMoscow Institute of
Engineers for Geodesy, Aerial Photography and Qeafthy) higher educational
establishment in the country specializing in gegdésttle by little the institute
arranged its structure, faculties, departmentghiag staff and material base like
those in MIIGAIK. The char of photogrammetry wasifioled in 1943.

There appeared some colleges of specialized segoadacation as well, which
trained specialists in all the geodetic speciaiiiecluding photogrammetry. At the
production enterprises, as a rule, all the impadrtachnological operations were
carried out by engineers or technicians.



New photogrammetric equipment and techniques whagpeared at the
aerogeodetic enterprises of the State geodeticceewere adopted at once by the
organisations of land and forestry management dk asein other branches. The
coordination of researches on aerial photographypdnotogrammetry application for
earth resources exploration was carried out by Ocatory of Aeromethods”,
affiliated into the USSR Academy of Sciences. Sigant was the role of scientific
conferences (“The All-Union conferences on aerwalvsy”) regularly (since 1929)
held by this laboratory. Collective decisions wtaken which determined the line of
further development for aerial photography and phmmetry.

During the Great Patriotic War (1941-1945), whitle t USSR waged against
Germany and its allies and which became the path@fWorld War II, the most
important problem faced by aerial photography ahdt@grammetry was providing
support to the Soviet army with reliable photogia@md maps both of the front
zones of action and the enemy’s defended localifiee military topographic service
of the country was successfull in implementing thsk, thus making a great
contribution to the victory.

In the after-war period the basic topographic mighe country was chosen that
of 1:25000 scale, and for some regions it was DQ0Gt that, the contour interval
for the flat areas was 1 meter. The differentiathad of aerial surveying could not
ensure the accuracy required for this type of mépat made the scientists involved
in photogrammetry to draw attention to the analt@tipg instruments. universal
photogrammetric devices.

The first experience of using such instruments wsaguired through the
multiplexes whose production had been startedarctuntry by that time. They were
used both for stereotriangulation and for complatof original maps. To promote
the practice, a small batch of stereoplanigraphs pvaduced. They were analogous
to Carl Zeiss C-5 instrument, but had some esddatidamental drawbacks which
quickly cooled interest to them.

Stereoplanigraphs like all the analog instrumemisan by then were designed
for the reconstruction of projecting rays bundlestng at the time of exposure, i.e.
the elements of the internal orientation of thejguting cameras of the plotting
instrument and the aerial camera ought to be gxaciial. This requirement made
the construction of the instrument too complicatedimited its application field.

The research on rectification of images with anghmr affine bundles of
projecting beams was started by M.D. Konshin in4l%br vertical photographs the
application of affine bundles results in differermsween the vertical and horizontal
scales of the restituted geometrical model, whigleasily treated. But for tilted
photographs, in projecting beams bundles orientmbrding to the strict rules of
rectification, the nadir beams, which were vertiatlthe time of exposure, deflect
from the vertical. Therefore the general geometnmdel of the terrain cannot be
created without taking into account this feature.

One way of solving this problem was given by A.Mibanov who suggested
decentering every photograph in the projecting carbg the value twice as great as
that required for rigorous rectification of theia# bundle. As a result of the double
decentration, the nadir projecting beams took e&rgposition in the instrument and



the geometrical model was restituted, if only apprately. As applied to his
solution, A,N. Lobanov made a field stereoplanipgra and M.D. Konshin
constructed a stereoscopic drawing device. Butetlestruments were made as just
experimental samples.

The geometrically correct solution for orientatiarpair of affine bundles was
realized by F.V. Drobyshev in his photocartograjphwas an analogue instrument
with optical projection and special guide lines $tiding the carriages with floating
marks. In the process of a stereopair orientatiothe instrument, the guide lines
were set along the oblique nadir rays. Thus it éabé&s if eigen axis Z was introduced
for each projecting bundle.

In process of the above mentioned investigationse@ame obvious that the
optimal device would be that with mechanical progt Before restituting each
projecting ray of the bundle, it was necessaryntooduce the corrections into the
corresponding image point to eliminate its coorteeadistortions due to the image
tilts. This principle of projecting beams modeliwgs realized by G.V. Romanovsky
in stereoprojector (SPR). In this plotter the camate carriage of each photograph
was connected with the corresponding lens of tlsefation system by means of the
mechanical rectifier. This mechanishiftedthe observing line on the needed value
along the radius-vector, connecting the visualipetht of the photograph with the
isocenter. Therefore when the photo carriage wasvethoto the position
corresponding to the coordinates of the geometmgatlel point on the vertical
photograph, the point of the real tilted photograpipeared on the observing line of
the plotter.

Another way was chosen by F.V. Drobyshev. The midas stereograph SD was
that of the inclined photograph was as if disseetétl an infinite set of horizontal
planes. In this case each point of the photograpé eonsidered as the point of the
virtual horizontal image with its own focal lengtBmooth variation of focal lengths
of the instrument projection system was implemerigdmeans of the correcting
plates with feelers connected with the cardanspaice projecting rods and the
photographs coordinate carriages. The correctiateplwere to be tilted relative to
the two axes in proportion to the tilts of the mwhaphs. As a result the focal
distances of each branch of the projection systene wontinuously varied.

As in both above mentioned instruments (SPR andti&®Dpundles of projecting
rays were restituted in (as if) vertical photogmmphese devices were suitable for any
focal distances. The correction units were setpno@er position on these devices by
means of images relative orientation and extem@nbation of the restituted terrain
model. These processes, like those on the plotigrs similar projecting beams
bundles, were realized in a standard way, thoughesspecial features were taken
Into account. Thus instead of rotating projectiagheras, the setting of the correction
mechanisms on SPR or the tilt of the correctingeslaon SD were changed. The
difference between the horizontal and vertical exalf the model developed by the
instrument was also to be taken into account.

It did not take long for SPR and SD to become bdswsces in photogrammetric
workshops of the production enterprises. On théshafsthese devices the universal
method of aerophototopography was developed.dtite reasonable that in favor of



the new method former techniques were abandonecbmaserns separate control
extension both horizontal and vertical. They werédbssituted for the spatial
phototriangulation by means of analogue instrumen¥arious aspects of
photogrammetric extension of control points wereellgped and improved by many
scientists. Of special note is the role of A.S.ri8kiv who put forward the idea of
taking into account some additional conditions@odgtic control.

At the same period some other lines of photogramynve¢re being developed.
Making photomaps of mountainous areas started thighprinciple of rectification
not into the plane surface, but into the reversédehof the terrain. In 1954 the first
russian slit orthoprojector was constructed atsiinggestion of G.P. Zhukov and G.I.
Kolontarov. In 1973 the production of orthoprojestavas started on the basis of
Drobyshev stereograph.

The role of the terrestrial stereophotogrammetduced significantly, but the
method was not abandoned. It was used mostly fdy@¢s of engineering surveys
with phototheodolite complexes produced in the tgurt should be noted, that at
one time, as suggested by P.N. Rapasov, the poousdinates determined by
phototheodolite surveying of mountainous areas weza used as control points for
photogrammetric processing.

The advent of computers profoundly changed mosthef photogrammetric
restitution processes. The transition to analytioathods started with aerial
triangulation based on the works of N.A. Urmayetiownvestigated the problem as
far back as the pre-war years. In 1941 his boolke“€lements of photogrammetry”
was published, which presented mathematical degunripf analytical treatment of
photogrammetry as concerns photographs orientatidrterrain models creation.

The theoretical provisions for the analytical phoees presented in the works
of N.A. Urmayev were caught up and developed by.A.dbanov. The first program
of analytical phototriangulation was worked out enchis supervision at the
department of photogrammetry of the Military engneg academy in 1956-1957.
Soon many other specialists got interested in thgest. A scientific school was
formed by A.N. Lobanov, with joint efforts of thecientists being aimed at the
investigation of different aspects of analyticalopdiriangulation. They included
strip- and block triangulation with approximate dmte adjustment; additional data
to be taken into account; elimination of systemadrcors effect; adjustment of
triangulation with self-calibration, etc. At the msa time the corresponding
programs were developed, and analytical air trigatgpn was efficiently introduced
into topographic and geodetic production. Beforgyld became the main technique
for horizontal and vertical control.

Since 1968 the program complexes for analyticalattnent of image
measurement developed under the supervision of Aftipov were widely
recognized by the production enterprises. He puivdod some suggestions on
general problems as well. His book “Mathematicabéds of Analytical Aerial
Triangulation” published in 2003 summarizes inwgdiions of many years
concerning analytical phototriangulation. In 2008 substantiated simultaneous use
of several coordinate systems (in adjustment) & photographs different from
those accepted for the ground points. This allostal#ishing phototriangulation nets



in the form of a ring or a sphere. The technique iIma used when photographs of
some engineering or laboratory objects were tooknfall sides. It may be suitable
for mapping celestial bodies as well.

Introduction of analytical phototriangulation couftbt be efficient without
proper instrumentation. The problem was solved tduthe development and mass
production of the automated stereocomparators. & beginning of 1970s
stereocomparator CKA-18 and later CKA-30 were dgwedl. The instruments
features were high precision (2—3 microns) and raated image measurement and
recording.

In parallel with the above mentioned the traditiortachnologies were
improving, with hardware being upgraded. By the ehd980s aerial cameras with
Image-motion compensation had been developed. 88 hass production ADA-
TK-10/18 with focal distance 100 mm was started, ariew years later those with
other focal distances. The research on aerial @s@mnjugation with GPS-receivers
was conducted. That was necessary for definitigposftion of projection centers.

The success of photogrammetric methods permittetpiing the mapping in
scale 1:25000 for all territory of the country i88B.

It should be noted that the surveys were succégsfampleted mostly due to
the good instrumentation of aerogeodetic enterpriseamely Drobyshev
photogrammetric instruments. The life of F.V. Drebgv was full of many
interesting events. In the years of the World Wdr914-1916) he served as a military
topographer at the Russian-German front. He tookipanilitary operations and was
heavywounded. He was awarded the order for militaryomaland courage. Since
1926 to 1986 F.V. Drobyshev wasnnectedwvith MIIGAIK. He developed original
devices for all the directions of photogrammetris Ereative activities were marked
with many government rewards including the two &tatizes (the highest in the
USSR).

F.V. Drobyshev was generous at sharing his expegiamd knowledge with his
post-graduate students. Many of them became proinprefessors later on. From
among his post-graduate students it is possibl@ame A.N. Lobanov already
mentioned above, and L.N. Vasilev who one of thestfihas concentrated on
automation of processes of image understanding pattérn recognition, having
applied the theory of fractality and self-similgrin an environmentOne of post-
graduate students was I.T. Antipov who assistedelaisher in developing stereograph
SD. His candidate’'s degree dissertation was traatlanto German and the
outstanding German specialists came to know abbat grinciples of image
processing with the affine bundles of rays andrdsadization of these principles in
Russian analogue photogrammetric instruments.

F.V. Drobyshev was a highly educated and creatarsgn, he liked music and
composed chamber music himself. His works were igppreciated by the
professional musicians and he has been acceptéthiba of the Soviet composers.

At the end of the XX century rapid development aimputer engineering
resulted in the new products of aerial photograpley, digital terrain models and
digital maps. Investigations in this field startdapproximately the same time with
the transition to analytical phototriangulation. rél@are-software complexes made



the technical basis for collecting digital informast on the terrain from images. The
first of them was Analyt complex, its productiorstiag started in 1977. In 1979 the
production use of analytical stereoprojector SPA started, and in 1984 — that of the
automated analytical complex “Oromat”. But the abawentioned complexes were
operated by rather bulky computers and their gtyamtas negligible. The situation
changed for the better with the advent of PCs.9@l1serial production of analytical
photogrammetric instrument — stereoanagraph wasgedtalt was developed at
TSNIIGAIK under the supervision of G.A. Zotov. 1995 by the licence of “Leika”
the production of the analytical plotter SD-20 vesarted, the latter was a complete
analog of SD-2000 instrument.

In 1992 one of the priority directions of Roskaraghia national-scale works
was digital-maps production. To meet the demanel,ntlain geoinformation centre
and some regional ones were established. Alongsitte the digitization of the
existing map materials, digital maps were deriveminf aerial photographs, using
stereoanagraphs, analytical plotters SD-20 and etipgpment.

By that time several creative-minded teams of thentry were developing
digital photogrammetric workstations (DPW) whicheopd the way to complete
automation of all the photogrammetric processescascerns collection and
processing of digital data on the terrain.

The idea of the station is usually ascribed to Firenish scientist U. Helava.
Giving credit to his contribution, it should be edtthat many years before him the
idea of automated stereomeasurements was put fblwah.S. Skiridov. As far back
as 1927-1933 he received several author's cetfican devices for automatic
drawing of contours by comparing the grey levelua the identical points of
stereopairs. In 1937 A.S. Skiridov wrote that “... sleould turn to photoelectric
effect and substitute a human eye (with its stex@wg for it when drawing the relief

The first Russian DPWSs were presented at the cead8PRS held in Vienna in
1996. Later the two types of stations which metghaduction demands best of all
came forth.

One of them, DPW *“Delta” was a result of coopemataf the department of
photogrammetry of TSNIIGIK and the team of “Geosyst company, formed in
Vinnitsa, Ukraine (now, after dissociation of théS8R, independent state). The
general guidance of the research on this statiepsavided by G.A. Zotov and S.V.
Oleynik. Some other specialists were also attraftiedthe software development. In
particular, to solve the problem of analytical mitoangulation adjustment, the
technology package of DPW was thoroughly integrawgth the complex of
analytical image processing, developed by I.T. poni This complex was time-
proved, as it was widely used many years at thdymtoon enterprises.

Another DPW, entitled “Photomod”, was the produttittee Russian company
“Rakurs”.

Both stations were widespread not only in Russi fanmer republics of the
USSR, but beyond their boundaries. The stationsiipesolving the problems of
digitization by deriving digital models and digitadaps from aerial photographs and
the Earth satellite images.



The experimental optomechanical plant of the CérRResearch Institute of
Geodesy, Aerial Survey and Cartography started ymiad precision
photogrammetric scanners PhS-30, designed for comgeanalogue images into
digital ones. The scanner ensured resolution W8 dpi, geometrical accuracy 3
microns, and allowed scanning of images up to 3&xB80

The new trend of photogrammetry appeared with theeat of the artificial
satellites, space photography images and theitipadapplication.

The first satellite photograph of the Moon was takeym unmanned station
“Luna-3” in October 1959. On board the station ¢hevere miniature cameras,
equipment for film photoprocessing, and the devioesmage scanning and transfer.
Nearly half of the Moon surface was photographath the two-thirds of the images
being those of its averted hemisphere.

In 1966-1973 different parts of the Moon were plgoaphed many times both
from satellites series “Luna” and “Zond”, which \teround the Moon, and from
descent modules on its surface. As a result, ttyees of images were received:
phototelevision-, radar- and usual satellite phi@phic images taken from “Zond”.
After orbiting the Moon the satellites returnedhie Earth with the exposed film.

Involved in image processing were the specialistsifthe Moscow Institute of
Engineers of Geodesy, Aerial Survey and CartograjbleyCentral Research Institute
of Geodesy, Aerial Survey and Cartography, thatlristof Astronomy of the USSR
Academy of Sciences, and other organizations. Téférts resulted in the maps of
different parts of the Moon, both visible and fades The scale of the maps derived
from satellite images ranged from 1:1M to 1:10M {Mnillion). The first complete
map of the Moon was of 1:5M scale. The completbéglof the Moon was also made.
On the basis of the self-propelled robot data,dagale maps were made for some
limited areas.

At the end of 1971 the Soviet spacecrafts “Marad “Mars-3”, with photo-
and television cameras mounted on them, startedsrhidting images of the Mars
surface, including colour ones. In 1974 the saédlli“Mars-4” and “Mars-5"
continued surveying. From the received images timeps of 1:5M scale and for
some areas 10 times as large were derived at TG he images of the planet
disk edges allowed constructing profiles of itsafel

The experiments of Venus surface mapping were ditedhe launching of
unmanned interplanetary stations, series “Venus’1974-1983. Because of the
opaque clouds, hiding the planet, radar surveyiag whosen for the purpose. The
bottom line of the works, carried out by TSNIIGAi#d the USSR Academy of
sciences, were hypsographical maps, scale 1:5Mtlendtlas of the planet surface.
The atlas presented the detailed information onriti@l surveying materials as well
as the processed and interpreted data.

Satellite surveying was promoted by theoreticalestigations including the
development of geometrical models for radar imagang their application for
photogrammetric treatment. Significant contributivas also made by the methods
of camera calibration, coordinate referencing afaradata, refinement of unmanned
stations orbital and navigation parameters anda¥ws of overlapping radar images



stereovision. The conducted investigations were nsanzed in the monograph
“Space Photogrammetry” by Yu.S. Tyuflin, and thek&by other scientists.

Regular satellite surveying of the Earth (both nehand unmanned) started in
1960s. In 1973 the State research and productiotrecéPriroda” (Nature) was
established to deal with the development of teamsqand technologies for
aerospace data acquisition, processing, storagteipdtion and application.

In order to receive the material to be appliedh® problems of nature study,
thematic and topographical mapping, several geesatof specialized space
complexes “Resurs-F” were created. As opposed moimaber of foreign satellites
their principle of data accessing was that of diti@al photographing. Since 1974
more than 100 short-term satellites have been fthdcEach of them conducted the
survey according to the set program. The imageg welivered to the Earth by the
lander. In addition to the above mentioned, spacaptexes of “Cosmos” series were
created and orbited. All the original satellite gea were sent to the State center
“Priroda”, whose stock of the space information anted to nearly 2 million images
of the Earth’s surface (multispectral, spectrozarad panchromatic). The images of
“Resurs®” series with 5 - 10 m resolution were distributed more than 80
countries, with the number of their users surp@ssire thousand.

For satellite imagery cameras TK-350 and TK-1000ewesed. Photographs of
these cameras possessed high measuring and dewjptiearacteristics, with images
exhibiting high measurability and identification azhcteristics. Theye and many
other materials and data formed the informationebtas be realized by complex
hardware-software techniques and the technologiesnéking and updating digital
topographic maps up to the scale of 1:10,000 incug hese images were also used
for complex mapping of natural resources and manigoof the state and dynamics
of various natural and anthropogenic processes.

Great contribution to the development of the Statere “Priroda” was made by
Yu.P. Kiyenko and Ye.A. Reshetov.

The environmental monitoring was conducted in agaoce with both Russian
and international programs. Thus in 1996-1999 theréda” module worked on the
manned space station “Mir”. The information wasereed in Obninsk (Russia) and
Neustrelits (Germany) and applied for various itigasions and experiments,
including studies of soil and atmosphere hydrolalgoonditions (in cooperation with
Bulgaria, Italy, the USA and Germany); distributiohminor gas components in the
atmosphere (together with the USA and France); ogemdl problems (with
Kazakhstan). Besides contributing to the concret®blpms solution, the
investigations resulted in the developed technigoescomplex space exploration
and quasi-synchronous ground-truth observations.

In spite of the fact that in the XX century the UWi88nd Russia did not launch
satellites with high-resolution opto-electronic sers for remote sensing of the Earth,
the State centre “Priroda” became interested in ithages taken not only by
photocameras but also by digital ones. In the fyrsars of the XXI century
Roskartographia started switching from photographythe on-line optoelectronic
satellite imagery. It was getting ready for receptand processing of the information
from the new high-performance remote sensors oEtmh, types “Resurs-DK” and



“Monitor-E”. The first satellites of this type, cable of solving the variety of
problems concerning mapping and nature investigatiere launched in 2006. The
long-term plans foresee creating the artificialeBiés constellation to provide
general view of the Earth with preset periodicdifferent spatial resolutions in all
possible ranges of the electromagnetic spectrum.

Some proprietary organizations became intermediafme distributing the
satellite images of other countries in Russia. iRstance, the “Sovzond” company,
established in 1992, became an official distribdtorthe ten world leaders in the
field of remote sensing data supply. It is throtigis company that the customers in
Russia and the former republics of the USSR codidthio most of the satellite
images, including those with highest resolution.

The “Sovzond” company’s activities were based adboperation with higher
educational institutions. Thus the innovation cerntsSAG-Sovzond” trained and
retrained specialists in digital techniques foroapace information processing by
means of program complexes ENVI and ERDAS.

By 2008 more than the half of Russian territory wagered by high-resolution
satellite images from WorldView, QuickBird, Ikonand OrbView. During this
period all the distributing companies reported atrgrowth of orders for satellite
images from other countries. The customers wereglyntiee organizations dealing
with environment and earth resources exploratidme $cientific books, collected
works of various conferences and scientific worké ligher educational
establishments, published in Russia, included naatigles on the remote sensing of
the Earth and these data application for the ssbdesolution of different problems.

The first experiments in aerial photography usigel scanning were started at
the end of the XX century. One of the pioneershis field was Ye.M. Medvedey, a
prominent specialist in laser location and someemthew techniques of aerial
photography and pertinent software. He did his beshake the method of airborne
laser scanning popular. He wrote a number of agi@dnd took part in scientific
conferences on the subject. In practice laser imtdiegan to apply in engineering
prospecting, which demanded digital models of edéelnprecision.

In the XXI century the scientific information exatge was promoted by the
annual International congresses “Geo-Siberia” amgtil by SSAG. The subjects of
the congresses embraced all the Earth sciencdsiding photogrammetry as a
technique for the earth surface state documentatibese congresses, as the name
implies, primarily covered only some part of Russia. its territory from the
Urals to lake Baikal. Nevertheless at these corsg®s$ook part a lot of the most
famous professionals of ISPRS, the most prominergnsists from the largest
universities of Europe and Asia, and the represieeis of the leading world and
Russian companies dealing with photogrammetry, ldpweent of software or
equipment. The chair of photogrammetry of SSAG,deelaby A.P. Guk since
1991, presented its new research results at eaulpress. The influence and the
authority of the chair significantly gained owing the fact that outstanding
scientists of the Siberian division of Russian &rag of sciences, including L.K.
Zyatkova, V.P. Pyatkin, Yu.l. Kuznetsov, many yeaaivered lectures at the
chair, actually being its members.



By means of the congresses partner relations dtadedevelop between
MIIGAIK, SSAG a number of universities of EuropesiA and America. The general
approaches were outlined for perfection of highducation in the field of all
sciences about the Earth, and first of all - gemdesphotogrammetry and
cartography. To a number of large scientists frareifgn universities ranks of
honourable professors SSAG are appropriated. Antlooge who received this rank
there was G. Konecny — an outstanding figure ofitibernational photogrammetric
community. He and F. Akkerman became also honoeanatafessors of MIIGAIK.

Until 1966 Soviet specialists in photogrammetry ktopart in social and
scientific events of the country within the frametwof the All-union astronomical
and geodetic society. Then the National Committéd’lmotogrammetrists of the
USSR was established, which assumed coordinatingctims as a public
organization. In 1968 the National Committee joirtb@ International Society of
Photogrammetry as an ordinary member.

In 1976 at the Xll congress of the Internationakity of Photogrammetry
(ISP), which was held in the capital of Finlandg tiNational Committee of
Photogrammetrists of the USSR was entrusted to treatkechnical commission Ill
“Mathematical Analysis of Data”. |.T.Antipov was eeted its president. The
international symposium of this commission was heltfoscow in 1978. In 1980 at
the Xlll congress in Hamburg the IPS was renaméal time International Society of
Photogrammetry and Remote Sensing (ISPRS). |.TipAwntwas elected the second
vice-president of the society. On the instructiohghat time council of the society,
[.T. Antipov elaborated the projects of new Statond By-Laws. The documents were
adopted by the society at the regular congressionde Janeiro. The preliminary
independent expertise stated that the presentgécposurpassed the analogous
documents of other organizations, cooperating W8fARS. Since 2004 I.T. Antipov
has become a member of “The White Elephants ClatBBRS.

In 1996 one more public organization was estabtishdrussia, i.e. “Society for
Contributing Development of Photogrammetry and Ren®ensing”. Yu.S. Tyuflin
was elected its first president. This society glsmed ISPRS (as an associate
member) at the congress held in Vienna in the sgeae. At that congress Yu.S.
Tyflin was awarded the Brock gold medal for his trinution to the solution of the
theoretical problem of mapping the Solar Systerastell bodies.

One more ISPRS award was given to the represeatativRussia at the
congress in Ankara in 2004. It was V.P. Savinykigraduate from MIIGAIK, who
later became a space-pilot and took part in thpeeesflights. On finishing his space
career he was a rector of the institute, he gradiufabm, for about 19 years. He made
a great contribution to training engineers for d#fle specialities including
photogrammetry. Under his rectorship the instige the status of the university. In
2007 V.P. Savinykh became the president of thigarsity. As an eminent personality
V.P. Savinykh was granted the Samuel Gamble Award.

On the whole the state of photogrammetry in Ruasia in agreement with the
development level of that in the leading countredsEurope and America. The
research works of the Russian scientists were sjporeding to the world standards,
and in some directions even above them. Some afigiavices, technologies and



techniques were developed which allowed to soleelyetion goals effectively. The
annual number of graduates from higher educatiestdblishments and technical
colleges met the demands of the country in full. éecerns application of
photogrammetric techniques in Russia in the XX wentthe scope and scales of
solved problems was unprecedented.

The dissolution of the USSR had a negative effectlb the branches of the
economy and living conditions of many citizens loé tcountry. The amount of the
annual state orders for topographic and geodeticksydncluding map updating,
decreased. Financing of scientific research wasdoumn. The posts of teachers of
higher educational establishments and researchernsmkere no longer prestigious.
As a result, the influx of young specialists ime field of science decreased, with the
scientific personnel of many institutions ageingeTsituation like this resulted in a
lower rate of photogrammetry development in thentgu But in history of Russia
there were difficult periods, however the countiyays left them got stronger. The
people of Russia keep being sure, that in the Xefitary the country is going to
flourish.
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SUMMARY

The New Airport Highway Co., Ltd. — Republic of K& requested to renew the
complete monitoring system installed on the YeooiggJdoridge that links up Sicheon
Island with Soul city.

Leica Geosystems was willing to provide a cost atfe and innovative
solution for delivering 3D positioning informatioat 20Hz from 10 GNSS
Monitoring stations to advanced analysis applicatenftware developed by the
engineering company in charge of the whole strattmonitoring project.

The installation has been finalized in October 2608 included Leica GNSS
GRX1200 GG Pro Reference station, Leica GNSS GMXS& Monitoring station,
Leica GNSS AX1202 GG Geodetic Antenna and Leica &NR$504 GG Choke ring
Antenna. In the control facility the software irllgd on dedicated PC servers were
Leica GNSS Spider software including positioningiap and the Leica GNSS QC
data analysis software including the Advanced QGoatd Analysis option.

The author designed the GNSS monitoring network arghnized the pre-
analysis that consisted to evaluate the contributiothe possible multi-path’s errors
induced by the environment (pylons and cables) ttwedefore to select the ideal
monitoring points. The installation of the GNSStistas including monuments,
accessories, communication and cabling has beeiedarut by the expert people
from Leica Geosystems Korea. They also organized nieasurement of control
points to define a local transformation from WGSt84he bridge coordinate system.

The installation of Leica GNSS Spider software, tomnection to the optic
fibore communication network, the configuration atim# interface to the analysis
software, training and maintenance has been reldiyehe Leica Geosystems Korea
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support team jointly with BT-Consultant — the LeiG&osystems partner in Seoul
Korea.

INTRODUCTION

The Yeong-Jong New Airport Highway Bridge is theedtdouble deck box-
girder suspension bridge which links Incheon Indéional Airport to Seoul city as a
real gateway to Korea.

It is the world first 3D self-anchored suspensiomddpe which services a
highway on the upper and lower deck, and railwayhenlower deck crossing the sea
between Yeong-Jong Island and Incheon city. It letween Kyeongseo-dong
(Changdo) and Unbuk-dong (Yeong-Jong Island) ahéan city on the Yellow Sea.

Construction began in December 1993 and the bndge finally opened to
traffic in November 2000. The total length of th&dge and main span of suspension
bridge is 4,420m and 550m respectively. The bridgith is 35m and there are 49
piers. The east and west towers are 107m highbfidge type is divided into three
parts such as suspension bridge (550m), steel {2,&50m) and steel deck (1,620m)
bridge.

The Bridge Monitoring Center was built at east safl¢he bridge (New Airport
Highway office), equipped with fiber optic commuaimn system, closed circuit
television, information management system, message system, emergency call
system, broadcast system.

Monitoring sensors were also installed to mainliededeformation, deflection,
temperature, seismic impact, dual axis inclinaiod acceleration.

Fig. 1. The gateway to Korea — The Yeong-Jong New Atrplaghway Bridge

In 2007 Leica Geosystems was invited to performltagling test with GPS
RTK by the New Airport Highway Company and that hoet was able to complete
the test smoothly while even alternated proposalddn't get acceptable results.



With that advanced RTK technology, impressive &esturacies at the 1cm level were
achieved.

This loading test convincingly vindicated the sumeéty of GPS based bridge
monitoring. After this, the upgrade and modificatiof the superstructure health
monitoring system was completed using GLONASS aR& @&onitoring system that
focused on the monitoring of the girder geometoit and the displacement of the
bridge towers.

Fig. 2. One of the GLONASS and GPS Reference statiothe roof top of NAH
office

GLONASS AND GPS BRIDGE MONITORING SOLUTION

The GLONASS and GPS Bridge monitoring system cosns®EGNSS receivers,
communication links, processing, management andlysisa software, and
accessories.

All of the above components form an integratedesystin the design stage, the
environmental situation has been considered agridominant error source in the
bridge environment. Multipath is caused by sigraisving at the antenna which
have been reflected by nearby metal objects, graunalater surfaces. The error is
different in each measuring site and cannot beieditad by differential techniques.

At the reference station site, the position ofah&enna has been selected to avoid
such reflections. Leica Geosystems’ AT504 GG chokg geodetic GNSS antenna
helps to mitigate the multipath effects. The adeandual-frequency GNSS Reference
Stations comprising two Leica GRX1200 GG Pro and #I504 GG choke ring
antenna. The monitoring system included ten GMXSG@2 receivers and ten AX1202
GG antennas.



The Leica GNSS Spider software with the positionomiion and GNSS QC
with advanced coordinate analysis option were ab@s the software of this
system.

A GNSS reference station should be established stable area. As the start
point of each baseline, the reference station mage¢ precise coordinates within the
local coordinate system.

One Reference Station was installed on the roofofofhe Bridge Monitoring
Center and the other Reference Station was indtati¢he west side of the bridge on
the top of another NAH facility.

To show to maximum effect of the distortions andaalyic characteristic of the
bridge, the ten GNSS monitoring antennas have hesalled at the maximum
flexure location of the main span, at the 1/9, /9, 8/9 and 9/9 points of the bridge
and on the cable.

Finally, based on the transformation parametersiged by the user, the system
is delivering three dimensional dynamic displaceimessults within the bridge
coordinate system.

Leica GNSS Spider software also provides an interfeo other analysis
software over serial RS-232 interface and with Ti@P/IP protocol. Any analysis
software that uses the standard NMEA format cansieel.

The engineering partner of Leica Geosystems, timpaoy BT Engineering,
provided that kind of solution. With real time kgl coordinates, third party analysis
software may perform dynamic display of real timestafttion curve, storage,
statistical analysis and warning.

Moreover, Leica GNSS QC quality analysis softwae be used to perform the
guality analysis and research on the results. Thisnd indispensable tool for
checking data and results in the design and opaidtstages

Fig. 3. Monitoring display in NAH office



THE ADVANTAGES OF USING CENTRALIZED RTK FOR BRIDGE
MONITORING

The advanced GLONASS and GPS Spider Bridge mongosolution with
centralized RTK functionality developed by LeicadSgstems is superior to the
traditional RTK solution. The communication reqoments are greatly simplified and
multiple Reference Stations can be used. The recesquipment can be remote
controlled and monitored, and the status of théeesysan be obtained at anytime.

With the standardized output interface, it can Bbsilg connected with third
party analysis software. Operating at a 20Hz messent rate, the bridge monitoring
system is able to detect high frequency vibrations.

According to the recommendation by Leica Geosystdmsenhance the
reliability of the system, Yeong-Jong Bridge estdi®d two reference stations. Leica
GPS Spider supports multiple reference stationsréeide redundant checks. If the
communication to one reference station breaks dothrer reference station can be
used as backup for processing any combination s¥livee.

Leica GNSS Spider can process the observationsldigle-frequency GPS
receiver and L1+L2 dual-frequency GLONASS and GR&eivers. Thus single-
frequency GPS receiver also can be used for tlgédmnonitoring application if they
are located on the slow motion places like thepap of the pylons.

Fig. 4. Monitoring station on the cable



Fig. 5. Monitoring station on the top of pylon

CONCLUSIONS AND PROSPECTIVES

With GLONASS and GPS RTK technology, the geomdirien of the bridge
can be monitored in real time and in all weathardtions. The three dimensional
displacement of the towers, main span and suspersbles can be measured
directly. All of this characteristic informationdhreflects the bridge’s health can be
combined with structural models to analyze thermdkforces affecting the main
components of the bridge.

The reliability of the bridge health monitoring aedaluation can be increased
and the risk of the potential damage to the strectoridge can be detected.
Therefore, GNSS monitoring can improve the effickerand effectiveness of the
maintenance work, provide the quantification infatimn to the management and
decision making of the traffic and structure safefybridge, and make reliable
assessment of the safety of the bridge.

With the ongoing development and improvement of GM&rdware, processing
algorithms and software GNSS monitoring systems kel applied widely to the
structural monitoring such as bridges, building atlder structure. Meanwhile, the
Yeong-Jong Bridge’s structure health monitoringtesyswill play an active role in
the promotion and development of the digital antdlligent bridge engineering.
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MAP UPDATING — AN URGENT ISSUE TO BE OPTIMIZED WITH MODERN
TECHNOLOGY

1. Introduction — the Global Mapping and Updating Problem

In history mapping has always been recognized asngortant tool for
navigation, and the location of important objedtshe human economic and cultural
environment. However, precise mapping beyond tines af navigation could not
start, before precise surveying and mapping toodsewdeveloped. The French
Academy of Sciences played an important role inlecentury to determine size
and shape of the earth, which made way to coveedhnth with chains or networks of
triangulation onto which a more precise georefezdnmapping by terrestrial plane
table became possible. In this way at least thdirsemt of Europe was able to
establish cadastral mapping and registration syst@md to use the geometric base
for generation of topographic maps in thd' t@ntury. But the precise map coverage
achieved by these rather crude methods was verjcted in area.

The situation did not change until mapping becao®sible by the use of aerial
photography in the 2Dcentury. While the conservative survey methodsd ise
Central Europe first made resistance to the wideagp of aerial photogrammetry,
World War Il, in which large parts of the contingmif Europe, Asia and Africa were
mapped by the military forces of opposed counindspendently. The Americas had
also already started their aerial, aping prograass,it was clear, that the huge
continents of North and South America could onlynb&pped by photogrammetric
means. Also in the former Soviet Union, the largesintry in the world, mapping
was declared important by Lenin, and photogrammatiapping was developed
independently.

It was Willem Schermerhorn, a pre World War |l pdgrtammetrist, who had
been active in the former Dutch colonies in Asidpvas a retiring prime minister of
the Netherlands convinced the Dutch governmenstabésh the ITC as a technical
assistance venture to the developing countriesfiitad Asia, Latin America and
Oceania. The more than 15 000 graduates of therff@duced the photogrammetric
mapping technologies in their home countries.



At the end of the 20century the United Nations published a summarshef
mapped areas of the globe at different scales:

Table 1. Status of World Mapping 1990

Scale range 1:25,000 1:50,000 1:100,000 1:200,000
Africa 2.9 % 41.4 % 21.7 % 89.1%
Asia 15.2% 84 % 56.4 % 100 %
Australia and 18.3 % 24.3 % 54.4 % 100 %
Oceania
Europe 86.9 % 96.2 % 87.5% 90.9 %
Former USSR 100 % 100 % 100 % 100 %
North America 54.1% 77.7 % 37.3% 99.2 %
South America 7% 33% 57.9 % 84.4 %
World 335% 65.6 % 55.7 % 95.1 %

There is no recent information on the status ofl@rmapped, unless it is
extrapolated. The table shows, that still only percand the former USSR are
adequately mapped at the scale 1:25 000. North isen@nd Asia are completing
their 1:50 000 coverage, while Africa and South Acgehave severe deficiencies at
that scale. The 1:200 000 scale is the existing seafe covering the globe.

The UN documents still differentiate what was igitil data form and what was
still on paper at that time. Nowadays it can beiaes] that all analog data have been
scanned into digital form for GIS use.

No information is given on the larger scale covesmgetween 1:1000 and 1:10
000.

As has been realized by photogrammetrists, veittermhapping is a tedious and
costly process, which most developing countrielé ctinnot afford at medium and
larger scales. But instead orthophoto mapping hagep to be only 20% of the cost
of line mapping, and it can be produces also iruat of the time.

This is the reason why novel companies such as l@amgd Microsoft have
concentrated on products such as Google Earth amdoddft Virtual Earth to
provide information on the basis of existing imager

While they use aerial imaging orthophoto produotsdensely populated urban
centres, especially in Europe, North America or thal®, where they can purchase
orthophotos produced for mapping purposes, theysasellite imaged of various
resolutions from ground sample sizes of 15m dowf.%m for other, more remote
areas of the globe.

The timely obtainability of images is yet anotheason, why aerial and satellite
images are preferred over line mapping.

The United Nations has at the UN Cartographic Qemiee of Beijing in 1964
published another summary of world updating rabesrfaps:



Table 1.2. Update Rates of World Mapping

Scale range 1:25,000 1:50,000 1:100,000 1:200,000

Africa 1.7% 2.2 % 3.6 % 1.4%

Asia 4.0 % 2.7 % 0.0 % 1.9%
Australia and 0% 0.8 % 0% 0.3 %
Oceania

Europe 6.6 % 5.7 % 7.0 % 7.5 %
Former USSR 0% 0% 0% 0%
North America 4.0% 2.7% 0.0 % 6.5 %
South America 0% 0.1 % 0% 0.3%
World 50% 2.3 % 0.7 % 3.4 %

In 1990 the update rate of 1:25 000 maps for Eunwpe about 15 years, in
North America 25 years and the word average fab@ Q00 map was about 45 years.
No wonder, that Google Earth is preferred in Afriseer outdated maps, even though
it is not properly georeferenced and the date afgieny is not known.

This is illustrated by the images of a topographi&p of Nairobi 1:50 000, a
Google Earth image and the fast changes of thenustraictures from decade to

decade.

Fig.1. Topo Map 1:25 000

Fig.2.Google Earth
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2. Mapping from Space
Mapping from space is the obvious answer for tlobd @l mapping and updating
problem.
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Fig. 6 Satellite Sensor Resolution and Repetitivity

While the high repetitivity meteorological satedbt imaging every half hour
only permit resolutions of 1km GSD, optical satellsensors of up to 0.5m GSD
permit successfully to compete with aerial imaging.

The history of civilian earth observation beganhwitandsat in 1972 with 80m
GSD. Civilian higher resolution imagery in stereasemonstrated with the German
Metric Camera in 1983 on Space Shuttle with 10m GBi2 French Spot followed
with 10m GSD in 1986. In 1993 the German MOMS-O2rest scanner was
demonstrated on the D2 Space Shuttle Mission atef lan the MIR priroda
Platform. It basically contained the elements ofderm commercial satellite
scanners, such as lkonos, Quickbird, World View @sib Eye, which now operate



with up to 0.5m GSD. Satellite systems of manyorej such as Israel, India, Russia,
China, Korea and Taiwan now offer high resolutiapabilities.

It can be concluded, that mapping from space i®ssary, and that it is also
possible.

The Institute of Photogrammetry and Geoinformatbrthe Leibniz University
of Hannover has undertaken many comparative studidSPRS working groups
chaired by K. Jacobsen between the different gatéthage sensor systems for the
possibilities of object extraction, comparing maggpicapability and updating
capability at different GSD sizes, and also takinfp account the influences of
radiometric resolution, the sun angle and the gerpening of multispectral with
higher resolution panchromatic channels.

While line map products from aerial photos for miagpare in general
gualitatively better, these can only be appliédhe higher expense and time spent
for obtaining the vector products do not play &yals is the case in highly urbanized
areas of Europe and North America. In the devebppmuntries mapping from space
with appropriate sensor systems is possible upma@ping scale of 1:4000.

3. Updating Issues

The updating capability is feature dependent. Abesed features, such as
industrial areas, built up residential areas, adjtical areas and forests can be
extracted by hierarchical supervised texture bakessification.

The updating of roads consists of the extractiohings. Christian Heipke, the
director od the Institute for Photogrammetry andoi@®rmation of the Leibniz
University of Hannover has initiated a number ofctdoal dissertations for the
automatic recognition and verification of differemtapping features, such as the
delineation of field boundaries (Butenuth), theraation and verification of roads
(Gerke), the extraction of pavement boundaries @Rbaksh). The automatic
extraction was tested for different image scales features in diggerent types of
terrain (Germany, Brazil, Africa).

It became obvious, that a fully automatic extractie not possible. But the
verification could establish the reliability of thextraction with the reliable ones
gained by automatic means and the unreliable omdsch needed visual
interpretation. This reduced the manual effort nexguby a factor of 3.

What is also very interesting, is that the religpibf area based features for high
resolution satellite images was 72% with 1m GSD lkamos , while aerial RGB
orthophotos with 0.3m GSD yielded slightly worssulées with 68% reliability.

The corresponding values for road extractions \8&fé for Ikonos imagery and
65% for 0.3m GSD RGB aerial images.

4. Conclusions

Already today the capabilities with high resolutigpace images offer a great
potential for mapping and map updating of basic pirap information. With new
satellite systems by many different countries thesssibilities will improve.

Small satellites give rise in hopes that the comadlit for space imaging will
improve and that cost will be lowered.



The visual interpretation of images will with contaated efforts lead to more
efficient automated possibilities of feature exti@t for GIS uses. This is a new
challenge for photogrammetrists.

© I'ommagpuo Koneunwvui, 2010
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