


VYBaxkaemble Konneru!

MoaxoAnT K KoHUY He Tonbko 2020 rof, HO 1 NepBbIi Trof, XypHana «feonpodu» B couManbHbIX
ceTax.

2020 rof, BO MHOrOM 6bl1 HEOBbLIYHBIM:

— He COCTOANNCh TPAANLMOHHbIE BbICTABKM U KOH(epeHL MK, 3annaHUpoBaHHbIe BCTPeYy C napT-
Hepamu u oTnycka;

— BBOAMJINCD U 1O CUX NOP COXPAHAIOTCA OrPaHUYEHUsA Ha NepeMelleHmne He TOIbKO Yyepes rpa-
HULbl FOCYAAPCTB, HO U B NPeenax NoCTOSAHHOMO MeCTa XUTeNbCTBa U paboThl;

— NoABUAKCH 06s3aTeNbHbIE aKCecCyapbl B Hallel NOBCEHEBHOMN XNU3HWN — OT 3aLUTHBIX MEAU-
LMHCKMX MAcoK M NepyaToK A0 Ae3VHMULMPYIOWNX CPeLCTB;

— NPOU30LLIEN MACCOBbI/ Nepexop K AUCTaHLMOHHbIM hopMam obLieHNs, BKtoYas 06pa3oBaHue,
KOH(epeHL MM 1 BbICTaBKU.

Ho Bcero 3toro eue He 6bI0, KOTAA PefaKLUs XKypHana NPUHANA pelleHne OKYHYTbCA B MUP
coLManbHbIX ceTeil 1 B AHBape 3TOr0 roAa co3aana CTpaHuLbl XypHana «leonpodu» B Instagram u
Facebook.

MpUYMH ANs NPUHATUA TaKOrO PEeLEeHUs 6biIo MHOrO:
HapacTalWuin TPeH[ COKPALWEHWUs y4acTUs KOMNaHuii B .
peknamHoi noppepxke neyarHoix CMU u ux yxop B couun- | B 063op ™ O6vssnenns B Ysepomnenn
anbHble CeTW, PEeKOMeHAALMN HalWWX NapTHepOB, XenaHue s —y
paclmpuTh AyAUTOPUID YWTATENE 3NEKTPOHHbLIX BEpCUil | -
cTateii Ha caiite (www.geoprofi.ru), B nepByto oyepefb, 3a
cYyeT BO3pacTHOW rpynnsl oT 18 fo 35 ner.

Ecnu anektpoHHas Bepcua XypHana asnsetca undpo-
BbIM «ABOWHMKOM» €ro nonurpamyeckoro BapuaHTa, To
CTaTbW B 3NE€KTPOHHOM BWAE, MpeAcTaBiNeHHble B pa3fenax
caiita «ly6nukaummu» u «ABTOpbI», KpoMe noaurpaduye-
CKOI KOnMuW cofepxar LONONHUTENbHYIO MHpOpMaLMio —

Xypnan "Teonpogpu"

e

aHHOTaLuMK, HOTO, CXEMbI U AKTUBHbIE CChIIKM HA UCMOSb30- g @ueoproiiz20
BaHHble [OKYMEHTbI, IUTEPATYPY U CNPaBOYHYIO UHGOPMA-
Luio.
B TeyeHue TeKyllero roga Ha CTpaHMUax XKypHana B % © T ©
My&nueauma PoTo Pexnama MocMoTpeTk...

Instagram u B Facebook pasmewanach uHbopmaums o

BbIX0[e oqepep‘Ho_ o OueHKM NoKa HeT + CMI/uHdopMaumMoHHoe
aredHcTeO B ropoge Mockea

86 498 105 ro HoMmepa, cTath

Myénukad... Moanueyd.. Moanucky AX, a TaKxe C06bl'
TUAX, B KOTOPbIX MNpUHMMana yyactue pepakuus.

GEOPROFI My6a1KOBaNMCh UTOTU BLICTABOK N KOH(EPEHLMIA, aHOHCHI
HayuHo-TEXHUYECKMI HYPHaN No recAesuu, HOPMATUBHbIX MPABOBbIX LJOKYMEHTOB U KHUT, HOBOCTU KOM-
kaprorpadum n Hasuraumu "Teonpodu” e

Wagadten 0 2003 . eugE MaHUU U yqe6HbIX 3aBefeHuns. 5
www.geoprofi.ru/issues/7040 KOHelJHO, OAMH rog — 3TO A0CTATOYHO KOPOTKUU CPOK,

4TOObI ieNaTb cepbe3Hble BbIBOALI 06 3hHeKTUBHOCTH Npo-
LenaHHoi paboTbl, HO OH MO3BOJMA MOJYYUTb HEKOTOPbIE
OLLEHKM CO06LecTBa COLMANbHBIX CETEH N0 pa3MellaeMbiM
B JXypHase marepuanam.

Kak yxe otmeyanocb, 2020 roa paspywun MHorue
naaHbl, HO MoKa3an Lenecoo6pasHoOCTb U HeobXo[MMOCTb
nepexopa Ha uUudpoBble TexHonornn. Hecmotps Ha Bce
C/IOXKHOCTK, HaM YAANOCh BbINYCTUTL 6 HOMEPOB XKypHasa
«leonpoduy, onybnukoBas 43 cTtatbu 59 aBTOpOB, 35 M3
KOTOPbIX BepBble NOABWUINCH HA CTPAHULAX ypHana.

Mo3ppaBnsem Halwmnx NapTHEPOB, aBTOPOB, MOAMUCYNKOB
n yuTaTeneit xypHana «feonpocu» c Hactynaowmum 2021
rogom! Hageemcs, 4to HoBbIM rog n03BONMT peann3oBaTh 3alyMaHHOE, MPUHECET HOBbIE Breyatie-
HUA 1 ypady!

Pepaktupo... Mpomoarumm CraTncTuka

#5-2020 #4-2020 #3-2020 #2-2020 #1-2

Pepakuus xypHana




Pockaptorpacus

CoeanHAeM NpoOCTPAHCTBO U peLleHus
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COAEPXAHUE

OT PEAAKLUN
OANH roa B COLMANIbHbBIX CETAX 1
TEXHOJIOTUKN

B.A. 3anuko, A.A. Kytymos, [1.0. lsenos

AAHHBIE 133 U3 KOCMOCA — 3N1IEMEHT EUHOIO
FEOMHOOPMALIMOHHOIO NPOCTPAHCTBA POCCHMIACKOM
®EAEPALIUM 4

P. Moeaxegunus, k. Xotkep, Ix. Mantep, K. Makneog
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MPU PA3HBIX IOEMEPUZIAX U MOMPABKAX YACOB

CNYTHUKOB GPS U MOHACC 41
HOBOCTU
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NYTEWECTBUE B UCTOPUIO

A.T. Pain3maHx

BKNAL NPEQNPUATUA Ne 12 TYTK CCCP B HAYYHbBIE
WCCNEAOBAHWA COBPEMEHHON FEOAMHAMUKU

B CPEJHEN A3UU 45

WHTEPHET-PECYPCbI 52

Mpu otopmneHnu Nepeoii cTpaHuLbl 0610XKKM UCNONb30BaH parMeHT cHUMKa ¢ KA
«Pecypc-l», annapartypa «KLUIMCA-BP», 03.11.2019 r. Ha cHumke — KopsAKckoe Haropbe,
Yykotckuit AO. NHdopmauus npuHaTa u obpabotaHa Oneparopom KC [33 (HL, OM3 AO
«Poccuiickne kocmmnyeckmne cuctembl») © fockopnopauums «Pockocmocy, 2019.




TEXHOJIOTUU

OAHHBIE 33 U3 KOCMOCA —
JJIEMEHT EAUHOTO
TEOUHO®OPMALUUNOHHOIO
MPOCTPAHCTBA POCCUUACKOMN
GEAEPALIUU

B.A. 3aunuko (fockopropauus «Pockocmocy)

B 1983 r. okoHuun dakynbter c6opa M 06paboTkM MHGOPMALMKU BOEHHO-KOCMUYECKOH aKageMuu UMeHu
A.0. MoxaiiCcKOro no CneuuanbHOCTU «UHXKEHEP PaAMO3NEeKTPOHHOW TexHuku». C 2008 r. pabotaer B
Tockopnopauuu «PockocMocy, B HacToslLee BpeMA — 3aMecTUTeNb AMPeKTopa [lenapTaMeHTa HaBUraLMOHHbIX
kocmuyeckux cucrem (IJTOHACC).

A.A. KytymoB (AO «Poccuiickne KocMUYECKNE CUCTEMBIY)

B 2014 r. okoHuun takynsteT KapTorpadum u reouHdopmatnkn MUUTAuK no cneumanbHOCTU «kapTorpadusay.
C 2013 r. pabotaet B AO «Poccuitckne KOCMUYECKUE CUCTEMBI», B HACTOALLEE BpEMA — UHXeHep 1 KaTeropuu.

1.0. WiBepoB (fockopnopaums «PockocMocy)

B 2017 r. okoHuun dakynstet Kaptorpacdun u reouHdpopmatukn MUUTAMK c npucsoeHnem kBanudukauum
«MarucTp» N0 HanpaBfneHui «kapTorpadusa u reouHdopmatuka». C 2016 r. pabotran B 000 «LleHTp
MHHOBALMOHHbIX TeXHONOrMiy, ¢ 2017 r. — B AO «HUW TM». C 2020 r. pa6oTtaeT B [ockopnopauuu «Pockocmocy,

B HacTosllee BpeMs — cneuuanuct [lenaptaMmeHTa HaBUrauMoHHbIX KocMuyeckux cuctem (IMOHACC).

~ HopmatuBHoe npaBoBoe pe-
rynupoBaHue W B3auMopeu-
CTBUE NPOCTPAHCTBEHHbIX
AaHHbIX U AaHHbIX 33 wu3
Kocmoca

icnonb3oBaHMe KOCMUYECKOM
reonpoCcTpaHCTBEHHOW H(OpMa-
UMK, @ UMEHHO [AHHbIX AMCTaH-
LLMOHHOTO 30HAMPOBAHUA 3emau
(033), 6a3oBoit MHGOPMALMOH-
HOW MNpOAYKUMMW, CO3[AHHOM Ha
UX OCHOBe, MaTepuanos Tematu-
yeckoi 06paboTKM B COOTBET-
cTBum ¢ pesoniouuamm Komutera
Mo MCNONb30BAHMIO KOCMUYECKO-
ro NPOCTPAHCTBA B MUPHBIX LieNsX
Opranusauum 06beanHeHHbIX Ha-
LMit ABNAETCA OJHUM U3 NPUOPU-
TETHbIX HanpaBAeHU aNsA Copei-
CTBUSA YCTONYMBOMY Pa3BUTUIO.

B cBA3uM ¢ 3aTUM co3paHue u
npUMEHeHne KOCMUYeCKOW reo-
NPOCTPAHCTBEHHON MHbOpMaLLUK

B BMAe AaHHbix [133 B MHTEepecax
rocyfapCTBEHHbIX U ApYyrux mno-
TpebuTteneit B Poccuitckoin Pepe-
paLMm TaKkxe ABASAETCA OLHUM U3
NpPUOPUTETOB Pa3BUTUA KOCMUYe-
CKOW 1esTeNbHOCTU.

B HacToswee Bpems cbop,
06paboTKa, xpaHeHue M pacnpo-
CTpaHeHue KOCMUYeCKOoW reonpo-
CTPaHCTBEHHOW WHdbopMauum B
Poccum ocyuwectsnstoTcs B COOT-
BeTCTBMM C 3akoHOM Poccuitckoit
®epepaumu ot 20 aBrycta 1993 1.
N° 5663-1 «0 Kocmuyeckoit pes-
TenbHocTu» [1] u TocTaHoBne-
Huem [lpaBuTtenbctea Poccuii-
ckoit ®epepauum o1 10 uioHA
2005 r. N2 370 [2] u Hanpsmyto
3aBUCUT OT COCTOSIHUA U BO3MOX-
HOCTe POCCUMINCKON KOCMUYe-
cKoW cuctemsl [133.

B cootBetcTBMM C nyHKTOM 1
ctatbn 31 3akoHa Poccuiickoit

Oepepaunn No 5663-1 [1] B
uensax 3deKTUBHOIO MCNoNb30-
BaHUA [AaHHbIX, NOJYYaEMbIX C
KOCMUYECKMX anmnapatoB, CO3-
LaHHbIX 33 cyeT cpeacts depe-
panbHoro Goaxera (rocynapcr-
BEHHble KOCMMYECKWe annaparbl),
a TakXe AaHHbIX, NONyYyaeMbIX C
KOCMMYECKMX annapatos, CO3-
LaHHbIX 33 CYeT cpefcTs usnye-
CKMX U OPUSMYECKUX UL U He
OTHOCAILMXCA K TOCYAapCTBEH-
HbIM KOCMUYECKMM annapatam
(HerocynapcTBeHHble KOCMUYe-
CKWe annapartbl), ¥ 3aKynaembix
3a cYeT cpeacTB enepanbHOro
Oopxeta, Poccuitckas Pepepa-
uus obecnedyusaet cosgaHue U
BefeHune epepanbHoro GoHpa
LaHHbIX.

B cootsetctBuu c [ocraHos-
neHunem [pasutensctea Poccuii-
ckot ®epepauymmu ot 31 mas
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2019 r. N2 689 [3] omepaTopom
thenepanbHoro (GoHAA AaHHbLIX
onpegeneHa [locynapcTBeHHas
Kopnopauus no KOCMUYECKO
geatenbHocT «Pockocmocy (Toc-
Kopnopauus «Pockocmocy) [4].

B cooTBeTcTBUM C MyHKTOM 2
ctatbk 31 3akoHa Poccuitckon
O®epepauun N2 5663-1 [1], k paH-
HbiM [133 13 Kocmoca oTHocATCA
nepBUYHbIE faHHbIE, NONyYaeMble
HeMnoCpefCTBEHHO C MOMOLLbLIO
annapartypbl  AWUCTAHLMOHHOTO
30HAMPOBAHNA 3eMn, YCTaHOB-
JIEHHO Ha BOpTY KOCMUYeCKOro
annaparta (KA), n nepegaBaemble
WAN fOCTaBAsieMble Ha 3emnio U3
KOCMOCa MOCPefCTBOM 3NEKTPO-
MarHUTHbIX CUTHANO0B, OTOM/IEH-
KM, MarHUTHOM NEHTHI UK KaKK-
MU-1MbO apyrumu cnocobamu, a
TaKXe maTepuanbl, nosyyeHHble B
pe3ynbtate 06pabOTKM nNepBuY-
HbIX AaHHbIX, OCYLLEeCTBASEMON B
uensx obecneyeHus BO3MOXKHO-
CTU UX UCMONb30BAHMSA.

B 10 e Bpems B PepepanbHom
3aKoHe oT 30 pekabpa 2015 r.
Ne 431-03 [5] 3akpenneHo, yTo
MPOCTPAHCTBEHHbIE [aHHblE —
3TO AaHHble 0 MPOCTPAHCTBEHHBIX
o6bekTax (NpUpoaHble 0OBEKTHI,
MCKYCCTBEHHbIE U UHbIE OOBEKTbI
(B TOM Yucne 3maHusA, COopyxe-
HUsA), MECTOMONOXEHUE KOTOPbIX
MOXET ObiTb ONpefeneHo, a
TaKKe ecTecTBeHHble HebecHble
Tena), BKIyalLne cBeAeHus 06
ux opme, MeCTOMONOXKEHUN U
CBOWCTBAX, B TOM uucne npeg-
CTaBJIEHHbIE C WCMONb30BAHWEM
KOOpAMHaT.

Mpu 3tom B 3akoHe Poccuit-
ckoit ®epepauum N° 5663-1 [1]
OTMEYeHO, 4YTO NPOCTPAHCTBEH-
Hble JaHHbIE HE OTHOCATCA K AaH-
HbiM 133 13 Kocmoca.

Takum 06pa3om, MOXHO cdop-
MyAMpOBaTb MNOHATUE Teonpo-
CTPAHCTBEHHOMN MHOpMALIUHK, KO-
TOpoe paHee ObINO 3aKpeneHo B
MNoctaHoBneHun [lpaBuTenbcTsa
Poccuitckoit  ®epepauymun ot
28 mas 2007 r. Ne 326 [6] u B
HacTosLee BpeMsA yTpaTuio cuny.

[eonpocTpaHcTBeHHas MHGOp-
Mauus — COBOKYMHOCTb JaHHbIX

0 MeCcTHOCTW W 0bbeKTax, pacno-
NOXEHHbIX HAa NOBEPXHOCTU 3eM-
Y, B NOANOBEPXHOCTHOM C/l0€
3emin, NpMNOBEPXHOCTHOM Croe
atmoccepbl 3emMnnM U 0Konosem-
HOM NpOCTpPaHCTBE, Heobxonu-
MbIX 1 MCNONb30BaHUA B pas-
NNYHBIX 061ACTAX [LEATENbHOCTY.

Mpu 3TOM C y4eTOM MOHATUR-
HOro annapara, 3aKpenieHHoro B
3akoHe Poccuitckoit ®epepayuu
Ne 5663-1 [1] u B ®epepanbHom
3akoHe N2 431-03 [5] cTpyKTypHO
reonpocTpaHCTBEHHYIO WHGbOP-
MaLMI0 MOXHO NpPeAcTaBUTb Kak
COBOKYMHOCTb MPOCTPAHCTBEH-
HbIX AaHHbIX, JaHHbIX [133 13 KoC-
MOCa W ApYrux LaHHbIX O MECTHO-
CTW 1 0ObeKTax.

Y4uTbIBaS, YTO YMNOSHOMOYEH-
HbIM OPraHOM, OCYLLECTBASAOLUM
KOCMUYECKYI0 [eATeNbHOCTb B
Poccuitckoit ®egepauuu, cornac-
Ho ®epepanbHoMy 3aKOHy OT
13 mionsa 2015 r. Ne 215-03 [7],
asnsetca [ockopnopauua «Poc-
KOCMOC», OIHO M3 OCHOBHbIX Ha-
NnpaBNeHWUN TaKoW [eATenbHo-
CTU — QUCTAHLUMOHHOE 30HAWPO-
BaHMe 3emnu K3 KOCMOCa, a ee
pe3ynbTaToM ABAAOTCA COOCT-
BEHHO AaHHble [133 unu kocmuye-
CKas reonpoCTpaHCTBEHHAs WH-
chopmaLms, BOMpoOCH peryianmpo-
BaHMA 3TON [eATENbHOCTU Haxo-
JATCcA B KomneTeHuum fockopno-
pauumn «Pockocmocy.

Cnepgyet oTMETUTL MpU 3TOM,
yTo B cooTBeTcTBUU C [lonoxe-
HMem [2] obGnagatenem [aHHbIX
OMCTAHLUMOHHOTO 30HAMPOBAHMS,
nony4yaemblXx C POCCUMACKMUX KOC-
MUYECKMUX annapaTtoB U CO3AaH-
HbIX 3a cyeT cpeacTs denepans-
Horo 6iomxerta, ssnserca Poc-
cuitckas ®epepaums. A B coort-
BETCTBUU C NYyHKTOM 17 cTaTbu 6
®epepanbHoro 3akoHa Ne 215-03
[7] nonHomouus no ynpasneHuio
W pacrnopsKeHWI0 NpuHagiexa-
wumm Poccuitckont Pepepaymuu
npaBaMu Ha JaHHble JUCTAHLM-
OHHOTO 30HAMPOBAHUS 3emnu u3
KocMoca TaKxXe nNpuHapnexart
fockopnopauunu «Pockocmocy.

CnepyeT 0co60 NOAYEPKHYTb,
yTo B cooTBeTcTBUM C [ocTaHOB-

neHunem [pasutensctea Poccuii-
ckoit ®epepaunn ot 17 nekabps
2014 r. Ne 1390 [8] paHHble guc-
TaHLMOHHOIO 30HAMPOBaHMUA 3eM-
JIM U3 KOCMOCQ, NoJly4aeMmble C 3a-
pYyOEXHBIX KOCMUYECKUX annapa-
TOB M POCCUIACKUX KOCMUYECKUX
annapaTtoB rpaXpAaHCKOro Ha-
3HAYeHWs, OTHECEHUIO K rocyaap-
CTBEHHON TalHe He moanexar u
ny6AMYHO MCMONL3YIOTCSA B COOT-
BETCTBMM C 3aKOHO[ATENbCTBOM
Poccuitckoit ®epepauum.

Kak yxe oTmeuanocsh, c6op,
XpaHeHMe W pacnpocTpaHeHue
KOCMUYECKOW reonpoCTpaHCT-
BEHHON MHGOPMALMUM HanpsMyLo
3aBWUCUT OT COCTOSIHMSA U BO3MOX-
HOCTeil pPOCCUMNCKOW KOCMUYe-
cKoit cuctembl [133.

Mpu 3TOM poccuickas KocMu-
yeckaa cuctema [133 npepcras-
NsieT cobOoN COBOKYMHOCTb KOC-
MUYECKoro cermeHTa (opbutanb-
Has rpynnupoBKa, OCHaleHHas
Pa3fIMYHbIMW TUNAMU LleNeBoii
annaparypbl HabnofeHus B pas-
JINYHBIX AManasoHax [LJUH BOJH)
M HA3eMHOro cermeHta MHdpa-
cTpykTypsbl [133, 06ecneynBatoLient
NNaHWPOBaHNE KOCMUYECKMUX Cbe-
MOK, npuem, cbop, 06paboTky,
XpaHeHMe W pacnpocTpaHeHue
(npepocTtaBneHue) paHHbix [33
13 KOCMOCa, NPOAYKLMUN U CepBU-
COB, CO3JaHHbIX HA UX OCHOBE.

OCHOBHbIM JOKYMEHTOM, Onpe-
AeNAWmnM HanpaBieHns pa3Bu-
™A M (QUHAHCMPOBAHUA Mepo-
NpUATKI No GoOpMUPOBaHMIO POC-
CUACKOW KOCMWUYECKOW CUCTeMbl
[133 sBnsetca ®epepanbHas Koc-
Muyeckas nporpamma Poccun Ha
2016-2025 rogsl (PKN-2025),
yTBepXaeHHaa [loctaHoBneHuem
MpaButenbcTea Poccuiickoin Pe-
jepaumn ot 23 mapta 2016 .
Ne 230. OcHOBHble NONOXKEHUA
OKIM-2025 npeacTaBneHbl Ha
oduumanbHom caiite lockopno-
pauum «Pockocmoc» [4]. Depe-
panbHOM KOCMUYECKOI mporpam-
MOW NpefycMOTPEeH Lenblii KOM-
niekc meponpuatTuit no Gopmu-
poBaHUIO OpPOMTaNbHOI rpynnu-
posku KA [133, pa3Butuio Hasem-
HO KOCMWUYeCKOW WHDPACTPYK-
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Wcnonb3osaHne ECMAMN wu
NPOAVKLUMM HA €ero OCHOBE B
MHTepecax OTpacfieil SKOHOMUKM
CBOAMTCA K 3apaye WHdopma-
LLMOHHOrO 0becneyeHns nosb3o-
BaTesieil Ha 1Oy TeppUTOPULO B
tdopmare, NpUrofHOM fAns aBTO-
MaTu4yeckoro (aBTOMaTU3MpOBaH-
HOr0) aHann3a KOCMUYECKUX reo-
MPOCTPAHCTBEHHbIX [JAHHbIX.

OcHoBHble 0bnacTu npumeHe-
Hus ECMIM n npoaykuum Ha ero
ocHoge (puc. 8):

— XO3AWCTBEHHAA fJesATenb-
HOCTb B OTPACNAX, CBA3AHHbIX C
“cnonb3oBaHMem U nepepabot-
KOl BO30OHOBISAEMbIX W HEBO-
306HOBNAEMbIX NPUPOAHBIX pe-
CYpCOB, BK/IOYAs CeNbCKOe, pbib-
HO€, NIeCHOe, BOAHOE X03AWCTBO,
reosoruio M paspaboTKy MecTo-
POX[EHUI NONe3HbIX MCKonae-
MbIX;

— co3jaHue u obHoBneHue
WKMPOKOTO CcnekTpa obuiereorpa-
(nyeckux u TemaTMyecKux Kap-
Torpaduyeckux matepuanos (To-
norpaduyeckme KapTbl, KapTbl B
uncdposom suae, N'C pasnnyHoro
Ha3Ha4yeHUs, KapTbl ceiicMUYHO-
CTU W TeoNOrNYecKoro PUCKa,
KapTbl NIECHbIX MacCWBOB, Celb-
X03yroguit U Ap. TeMaTUYeCKoro
Ha3HayeHUs);

— 3KONOTMYECKUN MOHUTO-
PUHT Ha ro6anbHOM, peruoHarnb-
HOM U JOKaNbHOM YpPOBHAX 3a
pacnpocTpaHeHMeM 3arpAa3HeHuni
BO BCEX OCHOBHbIX MPUPOLHbIX
chepax (atmocdepa, nosepx-
HOCTb CylIW, BOAHAA cpeda), pas-
BUTMEM MPOLECCOB AerpagaLuu
NPUPOAHOI cpefbl;

— MOHWUTOPWHT Ype3Bblyaii-
Heix cutyauun (YC), Bknioyas
obHapyxeHue dakta YC, oueHKy
MacwTaboB M XxapakTepa paspy-
WeHUI; NpOrHO3MpoBaHUE 3eM-
NeTpACeHUN U [pyrux paspyliu-
TeJIbHbIX MPUPOLHbIX ABNEHWIA;

— [eATeNbHOCTb N0 3eMeyCT-
poWCTBY, NMPOKNaZiKe TpPaHCMOPT-
HbIX MarucTpasnei, CTPOMTeNbCTBY
NPOMbILNEHHBIX 06BEKTOB U Tpa-
LOCTPOMTENbCTBY, COCTaBAEHUIO
KaflaCTPOB 3eMeflbHbIX W WHBIX
NPUPOLHbIX PECYPCOB.

OCHOBHOI TemMaTU4eCcKoi npo-
OVKUMEN, KoTopas MOXET ObiTh
nosyyeHa Ha ocHose ECMAN,
ABNAIOTCA UHLEKCHblE U300paxe-
HUS, MyNIbTUBPEMEHHbIE KOMMO3MK-
Tbl, TEMAaTUYECKNE KapThbl KNaccu-
buKaunit m TpeHabl (BUHaMKKa
3HAYEHWUN OTpaXKeHUs 3aAaHHbIX
Y4acTKOB 3eMHOI NOBEPXHOCTH).

Mpopykumna Ha ocHoe ECMAIM
nepcnekTUBHa ANA MCNONb30Ba-
HUA B aHanUTUYecKux nnatdop-
Max Hapsfy C ApYruMU UCTOYHU-
KaMu nHGOpMaLum oT pasnuyHbIX
aBTOMATUYECKUX CepBUCOB (Me-
TeoCTaHLuK, rugporpacduyeckue
NoCTbl, AATYUKU  BAAXKHOCTU
MOYBbl U [p.) MpW peanu3aLuu
cneunanu3MpoBaHHbIX oTpacne-
BbIX CEPBUCOB MPUHATUA pelle-
HUA (NecHoe X03AICTBO, Ceflb-
CKOe XO03fMUCTBO, MOHUTOPUHT
3emMienoNb30BaHus, uHdpa-
CTPYKTYpbI U Ap.).

Momumo npoekta «Lndposas
3emna» B pamMKax HalLWMOHANbHOM
nporpammbl «Lludposas 3koHo-
Muka Poccuiickoit Pepepaunn»
peanusyloTcs elle fBa MPOEKTa,
CBA3aHHbIX C CO3JaHUEM efMHOMN
3IEKTPOHHO KapTorpaduyeckon
ocHoBbl (E3KO) v depepansHoro
nopTana npoCTPaHCTBEHHbIX [aH-
Hbix (TUC ®MNMNL), HanpaBaeHHBIX
Ha pa3suTue B Poccuitckoit Qe-
Jepauun CcepBuUCOB MO npepo-
CTaBNeHUID NOTPebuUTeNsaM npo-
CTPAHCTBEHHbIX AAHHbIX.

Ha 6a3e 3Tux ABYX NPOEKTOB U
npoekta «Uudposas 3emna»
npepnonaraetca Cco3faHue K
2023 r. eguHoro o61ea0CTynHoO-
ro reoMHPOpPMayMOHHOrO Mpo-
cTpaHcTBa Poccuitckoin ®epe-
pauuu nytem obbeguHeHUs pe-
CYPCOB 3TUX TPeX CUCTEM U UX
MHOPMaLMOHHOTO B3auMopei-
cteus. MNpu 3ToM, Kak npegnona-
raetcs, OyaeT co3faH efuHbIA UH-
thopmaumoHHbIit pecypc «Lludpo-
Baa Poccua», obGbegunHaowWMiA
E3KO, ®NNA, degepansbHolit hoHA
naHHbix 133 u ECMAM B eguHoe
uenoe.

C yuyeTom wu3snoxeHHoro, loc-
kopnopauusa «Pockocmoc» nona-
raet, 4to OCHOBY E€AWHOIO reo-

MHGOPMALMOHHOIO  NMPOCTPaH-
CTBa MOryT COCTaBWUTb CPeAcTBa
Ve CO3AaHHON W (YHKLMOHMU-
pytoLleit B UHTepecax obecneve-
HWUS TOCYLAPCTBEHHbIX OPraHoOB
BAacTu aaHHbiMK [133 13 kKocmoca
ETPUC 033 v ppyrux anemeHTOB
Ha3eMHOW KOCMUYeCKOh uHdbpa-
cTpykTypbl [133 BO B3aumopen-
cteuu ¢ TUC E3KO n TUC dNnA.

~ Cnucok nuteparypsl

1. 3akoH Poccuiickoii Pepepauuu
ot 20 aBrycta 1993 r. N2 5663-1 «0
KOCMUYecKon pesTenbHoCcTU» (C U3-
MeHeHUAMMN Ha 8 fekabps 2020 r.).

2. MoctaHoBnexue MNpaBuTensCTBa
Poccuiickoit ®epepauumn ot 10 uioHs
2005 r. N2 370 «06 yTBepxaeHuu Mo-
JIOXEHUs O NJAHUPOBAHUM KOCMUYe-
CKMUX CbeMOK, npueme, 06paboTKe,
XpPaHeHWN M pacnpocTpaHeHUn AaH-
HbIX OUCTAHLMOHHOIO 30HAMPOBAHUSA
3eMnnM C KOCMMYECKWUX annapatos
rpa¥AaHCKoro Ha3HaYeHWs BbICOKOrO
(meHee 2 M) paspeleHus (c u3meHe-
HUAMK Ha 12 anpens 2017 r.)».

3. MoctaHoBneHwe MNpaButenscrea
Poccuiickoii ®epepaunn ot 31 mas
2019 r. N° 689 «06 onpegeneHuu
onepatopa ¢epgepanbHoro GoHza
LaHHbIX AUCTAHUMOHHOTO 30HAMPO-
BaHuUsA 3emMM U3 KOCMOCA U ero non-
HOMOUNIA».

4. TocypapcTBeHHas Kopnopauus
no KOCMUYeCKOW peatenbHocTn «Poc-
KOCMOC». — WWW.r0SCOSmMOs.ru.

5. ®epepanbHblit 3akoH oT 30 ge-
Kabps 2015 r. N2 431-03 «0 reoge-
31K, KapTorpaduu U NPoOCTpaHCTBEH-
HbIX [AaHHbIX W O BHECEHWUU U3MeHe-
HWIA B OTHENbHbIE 3aKOHOAATENbHbIE
akTbl Poccuiickoit ®epepavuny.

6. MocraHoBnexue MpaButenscrsa
Poccuiickoit Pepepaunn ot 28 mas
2007 r. Ne 326 «0 nopsapke nonyye-
HWA, UCNONb30BAHUA U NpefoCcTaBe-
HWA reonpoCTpaHCTBEHHON MHGOP-
Mauuuy (yTpaTuno cuny).

7. ®epepanbHblit 3aKoH oT 13 utons
2015 r. Ne 215-03 «0 locymapcrseH-
HOW KOopnopauuum no KOCMUYECKON
pesTtenbHocTn «Pockocmocy (¢ n3me-
HeHuaMU Ha 7 anpensa 2020 r.).

8. NoctaHoBnexue lMpaButenscrea
Poccuiickoit ®epepauun ot 17 pe-
Kabps 2014 r. N2 1390 «0 ny6nuyHom
MCMONb30BaHUN AAHHbIX AWUCTAHLM-
OHHOTO 30HAMPOBAHNA 3eMaN U3 KOC-
MOCa, MOJyYaeMblXx C 3apybexHbIX
KOCMWUYeCKUX annaparoB WM poccuit-
CKMX KOCMUYECKMX annapaTtoB rpax-
LAHCKOr0 Ha3HayYeHUs».



(D TALLYSMAN®

Tallysman VSE6328L

Jlerkasa n komnakTHas, scrpameaeman [HCC aHTeHHa,
pa3paboTaHHas ANA BbICOKOTOYHOTO NO3ULMOHUPOBaHUA.
B aHTeHHe VSEB028L peanuzosaHa YHUKaNbHaa TEXHONOMUA
VeroStar™, obecneumBatoLasn BbICOKMI KO3GPULMEHT
ycuneHus no scemy cnekrtpy M'HCC - GPS/QZSS: L1/L2/L5;
QZ7SS-16; MOHACC: L1/12/L3; Galileo: E1/E5a/E5b/E6;
BeiDou: B1/B2/B2a/B3; IRNSS/NavIC-L5 u SBAS.

VSE6028L noaaep»kmueaer paboTy ¢ cepBMcamm KOppeKuum
L-band Ha npegenbHO Manbix yriax BO3BbIWEHNA.
CrabunbHocTb da30BOro LeHTpa + 2 MM.

Paamepsbl: 8bicoTa — 38,7 mm, BHellHWA AnameTp — 106 mm.
Bec — 80 rpammos.

Tallysman VSP6037L

YHunBepcasibHaAa My/1bTUHACTOTHAA U mysibtucucremHan MTHCC
aHTEHHa, BbIMO/IHEHHAS B MPOYHOM 3alULIEHHOM Kopnyce.
3anateHToBaHHaA TexHonorms VeroStar™.

Mpurem cnyTHUKOBLIX CUTHanos - GPS/QZSS: L1/L2/L5;
QZSS-L6; [TTOHACC: L1/L2/13; Galileo: E1/E5a/ESb/ES;
BeiDou: B1/B2/B2a/B3; IRNSS/NavIC-L5 1 SBAS.

VSP6037L noapepwusaeT paboTy ¢ cepBUcamm KoppeKLuu
L-band Ha npegenbHO Manbix yrnax BO3BbILEHNA.
CrabunbHocTb $pa3oBoro ueHTpa = 2 mm.

Pasmepbl: BbicoTa — 74,9 MM, BHelUHUK AameTp — 170 mm.
Bec — 500 rpammos.

Tallysman VSM6028L

Camasa KOMMaKTHasA U Nerkas B CBOeM K/acce, BCTpauBaemas
FHCC aHTeHHa c TexHoMOrMel VeroStar™.

[Mpuem cnyTHUKOBbLIX curHanos - GPS/QZSS: L1/12/L5;
Q7SS-16; MOHACC: L1/12/13; Galileo: E1/E5a/E5b/E6G;
BeiDou: B1/B2/B2a/B3; IRNSS/NavIC-L5 1 SBAS.

VSE6028L nogaepxusaet paboTy C cepeMcamm KOPPEKLUU
L-band Ha npegenbHO Manbix yr/iax BO3BbILLEHMS.

AHTeHHa VSM6028L uaeansHa Ans aBTOHOMHOW HaBuraumm
TPaHCNOPTHbIX cpecTs (HazeMHOoM, MOPCKON M BO3AYLUHOM),
reogesnn U MOPCKOTrO MO3NUMOHUPOBAHMA.

CrabunbHocTb $a30Boro ueHTpa + 2 Mm.

Pazmephi: BbicoTa — 32,4 MM, BHelUIHMIA gnameTp — 90 mm.
Bec — 58 rpammos.

OduumansHbIA aunep komnaHuu Tallysman B Poccuu

000 «HCC nawc»

+7 495 269 16 99
MmobBansHbie HaBuraunoHHble CnyTHUKOBbIE CUCTEMBI www.GNSSplus.ru



TEXHOJIOTUU

MEHbLIE U NYYLIE. UHHOBALUWN
B HOBOW FHCC-AHTEHHE gaA
BbICOKOTOYHbIX U3MEPEHUKN*

Pe3a MoBaxeputua (Reza Movahedinia) — Tallysman, KaHaga

OkoHuun YHusepcutet KoHkoppus (MoHpeans, KaHaga). Joktop dunococdum (PhD) B 061aCTh 3N1€KTPOTEXHUKM
U BbIYMCIUTENbHON TEXHUKU. B HacToslee BpeMs — WHKeHep-uccnegosatenb komnahum Tallysman.

Mxynuen Xotkep (Julien Hautcoeur) — Tallysman, KaHapa

OKOHYMN VHCTUTYT INEKTPOHUKM M TeneKoMMyHUKauuin YHuBepcuteta PenH 1 (PpaHuums). [oktop dunocotdum
(PhD) B 06nact 06pabOTKM CUrHANOB M TENEKOMMYHUKalUWid. B HacTosillee BpemMs — [UPEKTOp NoO
uccnenoBaHuam u paspaborkam MTHCC-npoaykumm komnanum Tallysman.

IMxainc Nantep (Gyles Panther) — Tallysman, Kanapa

OkoHYMN JIOHJOHCKUI TOPOACKON yHUBepcUTeT (BennkobputaHus) U UMEET AUNIOM B 06N1acTU MPUKNAZHOM
tu3nkn. B HacTosee BpeMA — NPe3nAEHT U MaBHbI TEXHUYECKMIA aupekTop koMnanum Tallysman.

Ken Makneop, (Ken MacLeod) — Tallysman, KaHapa

OkoHuun Yuusepcuter Topoto (KaHama) u monyuun creneHb 6Gakanaspa

MeHe[Kep NPOU3BOLCTBEHHOI TMHUN KoMnaHuy Tallysman.

MobGanbHble HaBUTaLUOHHbIE
cnyTHuKoBble cuctemsl (FHCC)
NpoOJO/IKAT  Pa3BUBATLCA U
CTaNn BaHeWwWwei MHpPaACTPYK-
Typoii ans Bcero obuiecTsa.
Bnaropaps cospgaHuio GPS (CLLA),
a no3pHee pa3BepTbiBaHUIO CMyT-
HUKOBbIX CO3Be3JUN Lpyrumu
CTpaHaMy, CyLLeCTBYeT BO3MOX-
HOCTb MpueMa [OCTYMHBIX CUTHA-
nos THCC, nocTosHHO noBbIWwaeT-
€l TOYHOCTb NO3ULMOHUPOBAHNUSA,
HaBUraLMM W CUHXPOHM3ALUK
BPEMEHMU.

PacwupeHne BapuaHToB wcC-
NoNb30BaHUA 3TUX CUCTEM Npu-
B0 K pa3paboTke pasfiMyHbIX
tunoB HCC-aHTeHH, onTUMU3U-
POBAHHbIX 11 PELIEHUs MHOXe-
cTBa 3apay. 0pgHako cospgaHue
HOBOW aHTEHHbl 0ObIYHO TpebyeT
60o/bLlero, YeM NpocToit Mogudu-

KaLuuuM KOHCTPYKLMM CyLecTBYHO-
wux yctpoicTs. TM6KWiA noaxopn
Npu KOHCTPYMpOBaHUM HeobXxo-
AuM ans obecneyeHus cnepyio-
wux TpeboBaHmii: Gonee wWupo-
KOl Mosiocbl MpoMycKaHus, CTa-
OGUNBLHOCTM [MarpamMmbl Hanpas-
NIEHHOCTH, ONTUMU3UPOBAHHOTO /
VYMeHbLEHHOTO pa3Mepa, Nyullei
3(deKTMBHOCTU, GoNee HU3KOTO
KoadduumeHTa Wwyma unm ynyuy-
WeHMs TaKUX 330TEPUYECKMX Na-
paMeTpoB, KaK 0CEBOE COOTHOLLE-
Hue (AR) u Bapuauua dasosoro
ueHTpa (PCV). Bce 3To roBopuT 0
TOM, YTO AHTEHHA ABMAETCA BaX-
HbIM 3JIEMEHTOM B BbICOKOTOYHbIX
THCC-n3mepeHusx,  HeROOLEHU-
BaTb 3TOT (haKT Hesb3s.

B paHHOI cTaTbe npeacTaBne-
Hbl WCCNEAOBaHMA U NOAXOA K
KoMMepyeckoi pa3paboTke Bbl-

HayKk. B HacToswee Bpems —

cokoToyHoi MHCC-aHTeHHbI KOM-
navuu Tallysman, nonyuymslei
Ha3saHue VeroStar. AHTeHHa
VeroStar ycTaHaBnMBaeT HOBbIN
CTaHAapT MPOWU3BOLUTENbHOCTH
AN aHTeHH nofoOHoro TMna W
nofAepXXnUBaeT MpueMm MOJHOrO
cnektpa curdanos THCC (Bce
CO3BE3JMA W KaHanmbl), a TaKke
nonpasoK B L-anana3oHe. AHTeH-
Ha COYeTaeT BO3MOXHOCTYU BbICO-
KOTOYHOTO OTCNEXWBAHWA CnyT-
HWUKOB C MasblM YrIOM BO3BbllLe-
HUA 1 3 heKTUBHOrO pagnonpu-
emMHoro TpakTa. [lpeunsnoHHoe
usroTosneHne  obecneyuBaer
cTabunbHOCTL cMelleHUs aso-
Boro ueHTpa (PCO) u Bapuauuu
dazosoro ueHtpa (PCV) npu
nepexofe OT OJHOr0 CNyTHUKA K
Lpyromy. YHUKanbHble XapakTte-
PUCTUKMW, KOMNAKTHbIN pa3mep u

* OpuruHan ctatbu nop HaseaHuem «Smaller and Better. Design and Performance of a Novel GNSS Antenna for Rover Applications» pas-
MelueH B xypHane GPS World, September 2020, Volume 31, Number 9 (https://www.gpsworld.com/resources/archives/). Mepesog
cratbi npegoctasned 000 «THCC natocy — oduumanbHbiM AucTpubbioTopomM Komnanuu Tallysman Ha Tepputopum Poccuitckoit
Oepepauuu.



TEXHOJIOTUU

JIETKUI BEC aHTEHHOTO 3/eMEHTa
genatot VeroStar xopownm KaH-
AMOATOM [N UCMONb30BaHWA B
coBpeMeHHbIx nonesbix [HCC-
NPUEMHUKAX W MHOTUX [pyrux
NPUNOXEHUN B 3TON 0bnacTy.

-~ 3apauu gu3ainHa

Pa3paboTka yiy4leHHOW KOH-
cTpykuuu THCC-aHTeHHbI TpebyeT
yyeTa TaKMxX napameTpoB, Kak
BO3MOXHOCTb C/I@XEHUs 3a CnyT-
HUKaMKU Ha Manblx yrnax BO3Bbl-
WweHus, obecneyeHme MUHUMAb-
HbiX 3HauyeHuit PCV, achdektus-
HOCTb MMMNefaHca, 0CeBoe COOT-
HOLIEHME aHTEHHbI, YYBCTBUTESb-
HOCTb, WMPUHA MOAOCHI Nponyc-
KaHWsA, Manblil BEC, KOMMNAKTHbI 1
MPOYHbINA KOpNyC.

OTcnexuBaHme Ha Manbix
BbicOTax. B HacToAwee Bpems
nonb3osatenm [HCC-o6opypoBa-
HUA LWUPOKO MPUMEHAIOT METOA
TOYHOrO  MO3ULUOHMPOBAHUA
(PPP), BKNlouas CNyTHUKOBYIO
TPAHCNALMIO AAHHBIX KOPPEKLUK.
Monpasku PPP TpaHcaupytoTca ¢
reocTayMoHapHbIX  CNYTHUKOB,
KoTopble 0ObIYHO HAXOAATCSA Ha
ManblXx  yrnax — BO3BbIWEHMS.
JHepreTMYecKuin noTeHuuan pa-
guocurHana L-gmanasoHa o6bly-
HO MUHUMaNeH, NO3TOMY BeNUYM-
Ha YCUNEeHUs CUTHANOB MpU HU3-
KMX yrnax BO3BbIWEHWUS ABNAETCA
BaXHbIM ycnosuem. [laHHas npo-
6nema ycyrybnsetcs B 30Hax
HeyBepeHHOro NpuemMa CnyTHUKO-
BbIX CWUFHAaNOB, OCOOEHHO B
CeBepHbIX WUPOTAX, rhe NoTeHLM-
an pagMocurHana eye meHbie. B
3TOM cllyyae pasHuLa BCero B
1pb B ycuneHun curHanos
aHTEHHbI UK B OTHOLEHUK CUT-
Han / WyM MOXET UMeTb KpUTHYe-
CKOe 3HauyeHue npu npueme faH-
HbIX  Koppekuuu. KnwouyeBbim
napameTpom KOHCTPYKLMUU B AaH-
HOM OTHOLIEHWUMN fBNAETCS LWYMO-
Bas [JO6POTHOCTb (OTHOLWeHMe
YCUNIEHUA CUTHANOB aHTEHHbI K
wymosoii Temnepartype (G/T), rae
G — ycuneHue CUrHanoB aHTEH-
Hbl B peuubenax Ha vactoTe
npuema, a T — 3KBUBaNEeHTHas
WymMoBas Temnepartypa npuemMHoli
cuctembl B KenbBMHax, 00bIYHO

onpepensemMas Ko3phuuneHTOM
LWYMa aHTEHHBI).

Mpu pa3paboTke aHTEHHbI
VeroStar 6bina noctaeneHa Lenb
NoNy4nUTb 3HaYeHe JOOPOTHOCTY
B 25,5 1b/K Ha yrnax Bo3Bbllle-
Hus B 10°.

KoadduumneHt ycunenuns cur-
HanoB OGOMbWMHCTBA MPUEMHBIX
anemeHToB aHTeHHbl THCC, Takmx
KaK MeTannuyeckue nAACTUHBI
WAU KpOCCAMMONM, ObICTpO cna-
LaeT N0 Mepe YMEeHbLUEHUA yrna
BO3BbIWEHUsA CNyTHUKA. [Monsapu-
3aUMs TaKKe CTaHOBUTCA NUHeN-
Hoii (a He KpyroBoi) npu Gonee
HU3KUX yrax u3-3a Hanuyus
NOANOXKN, HeobXoAumoi pns
VCUNEHUSI CWUTHANOB B BEPXHeil

nonycepe Haj  aHTEHHOMN.
Ycunenue curHanos, upywmx w3
obnacteit BOGAM3M TOPU3OHTA,

TaKXXe NPUBOAUT K YBENUYEHUIO
CNocoGHOCTM MpUeMHUKA oTcre-
XWBaTb CMYTHUKMN C MasbiM YoM
BO3BbIWEHNsA, YTO MPUBOAUT K
yMmeHbleHunio PDOP v ynyywexuio
pAja Lpyrux nokasatenei, cBs-
3aHHbIX C TOYHOCTbIO U3MEpeHus
nceBfoOAaNnbHOCTH.
BbonbwuHcTBO nNpeacTaBneH-
HbIX Ha pblHKE aHTEeHH [/if NOA-
BuxHbIXx THCC-npuemHukos (po-
BEpOB) MMEIT NMUKOBOE yCUNeHne
CUrHanoB B 3eHuTe Ha 3,5-5 b
npu cnafe Ha ropu3oHTe Ha
10-12 pb (oTHOCWTENBHO runo-
TETUYECKON W3OTPOMHON aHTeH-
Hbl C KPYroBoil nonspu3auueit).
06bIYHO  yCUIEHME CUTHANOB
AHTEHHbI MOJYYaloT U3 UCTOYHM-
KOB, HaxopAwuxcs O6AU3KO K
FOpM30OHTY, B JlyylWlem ciyyae,
okono —5 ab, yto HepocrTaTouHo
OJsi ONTUMANbHOIO WMCMNOJb30Ba-
HUA [aHHbIX KOppekuuu B L-gua-
nasoHe. B HekoTopeix uccnepo-
BaHMAX [ peleHns 3Toi npo-
Gnembl ObINM NPEANOXKEHDI pa3-
JINYHbIE TUMbI AHTEHH, Hanpumep,
cnupanbHble. OAHAKO NX LUANHA-
puyeckas dopma u Gonblas
BJVHA [enatT WX HenpurofHbi-
MU AAA WUCMNONb30BaHWA B MOA-
BuxHbIX THCC-npnemHukax. Kpo-
Me TOro, CnupanbHas aHTEHHa
3aBUCUT OT 3a[HUX NenecTKos

gMarpammbel  HampaBlEeHHOCTH,
KoTopble MOryT cfienatb ee bonee
BOCMPUUMYMBON K NepeoTpaeH-
HbIM CMTHanam u3 BepxHei nony-
cdepsl.

B KOHCTPYKLMM  aHTEHHHbI
VeroStar 6biM  MCNOJb30BAHSI
WIMPOKOMOJOCHBIE U3MyyatoLmue
anemMeHTbl (B BUAE W3OMHYTbIX
NenecTKoB), KOTOpble OKpyXakwT
pacnpefeneHHyl ceTb NUTaHusA
(dupep). KoHcTpyKkuma nenectka
BaXKHa ANA YCUNEHUS CUTHanoB
TONbKO C NpaBOM KPYroBOM nons-
pusaumeit (Right-Hand Circularly
Polarized — RHCP) npwu ux npue-
Me Ha MablxX yrnax.

CrabunbHoctb  ha3oBoOro
ueHTpa. Pa3oBbIil LEHTP UAEANb-
HOW @HTeHHbl — 3TO YC/NOBHas
TOYKa B NPOCTPAHCTBE, B KOTOPOIA
BCE CUIHaMbl MPUHUMAKTCA UK
nepefaloTcs He3aBUCMMO  OT
4acToTbl, YrNa BO3BbIWEHWUS WK
asumyTa papmocurHana. ®aso-
Bble LEHTPbl peasibHbIX aHTEHH
MeHee MOCTOSHHbI, U napameTpbl
PCV  onpepensT u3MeHeHUs
MONOXEHUA «HYNEBOM» TOYKU
(ha30BOro LeHTpa B 3aBUCUMOCTH
OT 4acToTbl, YA BO3BbIWEHUS U
as3uMMyTa NPUHMMAEMOro CUrHana.
JaHHble Bapuauuit  Gaszosoro
ueHtpa PCV 3aHocsaTcs B dhaiin B
CTaHAApPTU3MPOBAHHOM copmarte
ANTEX, KoTopblii MOXeT ObiTb
MCNOMb30BAH MPU BbICOKOTOYHBIX
M3MepeHUsX.

A3umyTanbHas  opueHTauua
aHTEHHbl poBepa 00bIYHO HEeus-
BECTHa, MO3TOMY MNOMpaBKWU [Ns
KaXXLOoro MoJIOXeHUs aHTEHHbl B
FOPM3OHTANbHOM MNOCKOCTU He
MOryT ObiTb yuTeHbl. [aHHble
Bapuauun PCV B daiine ANTEX
00bIYHO NpefoCTaBAATCA Kak
(yHKLUMA yrna BO3BbIWEHUS U
4acToTbl, HO C YCPEAHEHHbIMM
AaHHbIMW a3uMyTa AN KaX[Oro
yrna BO3BbIWEHUA W YaCTOTI
(nonpaBku 6e3 yyeta asumyTa).
Takum o6Gpasom, NoNpaBKkK MOTyT
NPUMEHATLCSA ANA KaXA0M YacTo-
Tbl U Y713 BO3BbILWEHUS, HO OG-
KM, CBA3aHHbIE C WU3MEHEHUEM
asumytanbHoro napametpa PCV,
He MOryT OblTb MCNpaBieHbl B
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HCC-npuemHuke. lpu usmepe-
HUAX B PEXUMEe «KWHeMaTuKa
peanbHoro  BpemeHu»  (RTK)
cuctemHas owubka npepcTas-
nsieT coboil cpefHIO KBafpaTu-
yeckyto owubky PCV aHTeHH
6a30BOr0 ¥ MOABUXHOIO Mpu-
eMHMKa. MOXHO YCTaHOBUTb aH-
TeHHbl 6onbliero pasmepa, npu-
MeHseMble 00blYHO Ha 6a30BbIX
CTaHUMsAX, KoTopble obecneynsa-
0T 3HayeHue PCV nopsapka 1 mm
(Hanpumep, aHTeHHbl Tallysman
VeraPhase unu VeraChoke). Ho B
AaHHOM CJly4yae, TOYHOCTb KOMOU-
HWUPOBAHHOM CUMCTEMbl BO MHOFOM
onpepensierca PCV THCC-aHTeH-
Hbl pOBEpa, MeHbllei No pa3me-
py. Takum o6pa3om, Jaxe npu
HanM4yMu  [aHHBIX KOPpeKLuu,
asuMyTanbHas CUMMETPUS aHTeH-
Hbl pOBEpA ABNAETCA K/OYEBOA.
B VeroStar 370 6bi10 peleHo 3a
CYeT CUMMETPUYHON KOHCTPYK-
LMW KaK aHTEHHOTO 3/IeMeHTa, TaK
1 BCEro KOpryca aHTEHHbI.

3 ¢eKTUBHOCTb U MMNEJAHC
aHTeHHbl. I eKTUBHOCTb aH-
TEHHbl MOXHO ObII0 OMpeaenuTL
C TOYKM 3peHUs noTepb B WU3Ny-
YalIKUX 3NeMeHTax U3 Mefu
(nockonbKy Mefb He sBnsaeTcs
MAeanbHbIM MPOBOAHUKOM), 0f-
HaKO MoTepu B CeTU NUTaHUA
TaKxe BHOCAT CBOI BKNap, N03T0-
My BaXHa ONTUMM3auus 060MX
napametpoB. C TOYKM 3peHuns
bu3uku bonbline usnyvawlwme
3NeMeHTbl  HeoOXOAWMbl  Ans
obecneyeHns Gonee WHUPOKOM
MoNoChl MpPONyCKaHWsa, U Mefb
ABAAETCA NYyYWMUM KOMAPOMMUC-
com (cepebpo nyulle, HO [OPOro
u obnagaer psaoM HeLoCTaTKoB).
370 BEpPHO U B OTHOLEHWUN HOBOM
aHTeHHbl VeroStar, y koTopo#
WMPOKME U3NyYatoLyMe 3NeMeHTbI
(nenectkn) UM3roToBNEHbl U3
Meau.

OpHako nenecTkn npepcTas-
Ns0T cob0i naccuBHblE M3nyya-
TeNU U PacnonNoXeHbl BNIOTHYIO K
pacnpefeneHHon CceTu nuTaHus,
JIMHUM KOTOPOW ABNAKTCA Y3KO-
nonocHeiMu. B utore yBennyeHue
WMPUHBI MONOCHI paboumx 4acToT
NpoONCXOAMT NMpU Harpyske Ha

NWUHWIO CeTU NUTaHWs 3a cyeT
YCTOMYMBOCTU NENECTKOB K LK-
POKOMONOCHOMY U3NIYYEHUID.

Takas  KomnoHoBka 6bina
BblGpaHa n1s Toro, 4ToObl pesyb-
TUPYIOLLMIA MMNELAHC Ha BbIXOJAX
aHTEHHbl NPU OTKNIOYEHHO! K-
HUM nepefayn Obin GAU30K K
HeobXxoauMoMy UAEaNbHOMY WUM-
negaHcy (50 Om), uto TpebyeT ero
MUHUMANbHOTO  COTNACOBAHMUA.
Moyt mpeanbHoe cornacosaHue
B WMPOKOI NOJIOCE YACTOT OYEHb
BaXKHO, MOCKONIbKY OHO MO3BO-
nsieT npeobpasoBaTb MMNefaHC
L0 VAEaNbHOro C UCMOMb30BaHU-
€M KOPOTKOW NUHWU Nepefayu
(MeHee YeTBepPTU LUHbI BONHBI),
B KOTOpPYIO BK/IOYEHO CBEPXLM-
POKOMONIOCHOE CUMMeTpUpyLoLLee
ycTpoiictBo (6anyH), npeobpa-
3ylollee HECUMMETPUYHbIE 3fIEK-
TPUYECKMEe CUTHaNbl B CUMMeET-
pUYHble.

Kaxpas M3 0opTOroHanbHbiX
OCeN W3jydaTens 3NeKTpUYECKM
HEe3aBMUCUMA W CUJBHO W30/IMPO-
BaHa (nyywe -30 pb) paxe ot
COeAMHEHUI NaCcCUBHbIX WU3NyyYa-
Tenen. [ina poctuxeHua xenae-
MOil KpyroBoi nonspusauuu obe
0CYM yMNpaBAsioTCA HE3aBUCUMO
LPYyr oT [pyra KBafgpaTypHbIM
tasoBpawarenem (Nosy4YeHHbIM
W3 HanpaBJieHHbIX OTBETBUTe-
nen).

Takum 06pa3om, 3hdeKTUBHbIE
MacCMBHbIE U3NIY4aTENN B COYETA-
HUM C abCONIOTHO MUHUMU3MPO-
BaHHbIMU MOTEPAMMW B pacnpepe-
NEHHOW CeTU NUTaHWUA NpUBENU K
pa3paboTke cepx3hdeKTUBHOIM
KOHCTPYKLMM aHTEHHbI, KOTOPYIO
OyaeT TPYAHO YNy4YWNTb.

KoacpdpuumeHnt annuntuuHo-
CTM U Kod(MLUMUEHT HaKNoHa
annunca nonapusauyuu. Kosd-
(hULMEHT 3NIMNTUYHOCTU XapaK-
TEpU3yeT CMOCOBHOCTb AHTEHHbI
NPUHWUMATL CUTHabl C KPYroBOi
nonspusaunein. Kosapduunent
HaKMOHa 3nnunca nonspusa-
LM — 3TO OTHOLIEHWE aMNAUTY-
Obl B AMarpamMme YCUNEHUs CUr-
Ha/0B NpW MONOXKUTENBLHOM yrie
BO3BblWeHMA (O) K MakcUManb-
HOIl aMNAUTYAEe AMarpammbl ycu-

JIEHWUS CUTHANIOB B ee 3epKaibHOM
oTobpaxeHun (-a). Xopolwwue
3HavyeHua Ko3duumeHTa anaun-
TUYHOCTM W YA HAKNOHA 3IUN-
ca nonApv3aunm no Bcen nonoce
nponyckaHus aHTeHHbl obecne-
YMBAIOT BBICOKYID YMCTOTY npue-
Ma CMYTHUKOBBIX CUTHANOB C Npa-
Boit nonspusaumeit (RHCP) wu
3HAYUTENbHOE CHWXEHUE BAUS-
HUS MHoronydeBocTU. CuUrHanbl
THCC, oTpaxeHHble OT 3emnu,
30aHUN UNU METANNUYECKNX 00b-
€KTOB, TAaKWUX KaK TPaHCMOPTHblE
CPeAcTBa, CUIbHO ocnabnsioTcs,
TaK Kak MMeloT JieBylo nonspusa-
umio  (Left-Hand  Circularly
Polarized — LHCP). Mockonbky
aHTeHHa VeroStar umeet 6onblee
YCUNIEHWE CUTHANOoB MpU Manblx
yrnax BO3BbIWEHMA, TO OYEHb
HU3KNIA KO3 ULNEHT INTUNTUY-
HOCTM M BbLICOKMI pns yra
HaKNOHA 3nnunca noaspu3aLuu
Laxe bonee BaXHbl AN YMEHb-
weHns MHoronyyesoctu. Llenbto
NpPOEKTUPOBaHUS OblIO BOCTUXE-
HUA KO3 PULMEHTa INTUNTUYHO-
¢t B 3 ob 1 nyywe B NNOCKOCTM
rOpuU30HTa.

Jlerkas, npoyHas M KOMNAKT-
HaA KOHCTpyKuma. CoobuiecTso
nonb3oBareneit TpebyeT oT npo-
u3BoauTeneii Bce Gonee KoM-
NaKTHbIX aHTEHH, HO BbICOKOTOY-
Hble aHTeHHbl pnsa THCC-npu-
EMHUKOB J0/MXKHbI 0becneynBarb
NpUeM CUrHANoOB KaK B HU3KUX
(1160-1300 MIy), TaK 1 B BbICO-
kmx (1539-1610 MIy) guanaso-
Hax yactot M'HCC.

HeGonblwne aHTEHHbI WUMeKOT
OrpaHMYyeHHy0 Mnojocy nponyc-
KaHus, NO3TOMY aHTEHHbl Ans
NOABMKHbIX NPUEMHUKOB, pabo-
Talowue B MOJHOM AWanasoHe
(npuem Bcex curHanos THCC),
0YEeBUAHO, AOMKHbI 6bITb 60/b-
wero pasmepa. B HacToswee
BpeMs CaMoil ManeHbKoW 1 BbICO-
KOMpoM3BOAMUTENbHOW BCENonoc-
HOW aHTEHHOW, BepoATHO, fB-
JIAeTCA OpUTUHANbHAs aHTEHHA
Dorne & Margolin C146-XX-X.

Mpn pa3paboTke aHTEHHbI
VeroStar oAHOM M3 OCHOBHbBIX
3afay 6bIn0 co3paHue Hebonb-
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WOro M JerKoro M3ay4yawuwero
anemeHTa (C yyetom TpeboBaHUit
paboTbl B MOMHOI nojoce npo-
nycKaHUs) C pa3MepoM MOAJ0XK-
KM guameTpom okono 100 mwm,
BbICOTOM He 6onee 30 MM 1 BeCOM
He 6onee 100 r. B ugeane MoxHo
Ob110 6bl CO3[AaTh U MEHbLUYIO NO
pa3Mmepy Bepcuio, HO yxe ¢ bonee
HWU3KON NPOWU3BOJAUTENBLHOCTHIO.
KoHcTpykums aHTeHHbl VeroStar
no3BOJAET UCNONb30BaTh €e Kak
pns noasuxkHbeix THCC-npuemHu-
KOB, TaK W B KayecTBe CbeMHOI
aHTEHHbl, YCTaHAB/NIMBAEMON B
BUAE OTAENbHOrO 3NeMeHTa Ha
6ecnunoTHbIe NeTartesibHble anna-
paTbl UAW [axe BHYTPb CMYTHU-
koB CubeSat (dopmar manbix
(cBepxmanbix) UCKYCCTBEHHbIX
CNYTHWUKOB 3eMnn s uccnepo-
BaHUsA KOCMOCA, UMellWunx raba-
putbl 10x10x10 cm npu macce He
6onee 1,33 kr).

~ MpepbicTopus

MaBHOW LeNblo NpoeKTa bbina
pa3paboTka LWMPOKOMNOJOCHOM
aHTEHHbl C XOPOWMM OCEBbIM
COOTHOLWEHNEM B COYETaHUU CO
CTabunbHbIM (ha30BbIM LEHTPOM.
3apava coctosna B TOM, 4TOGbI
obecneynTb Mpuem CUrHanoB Co
cnytHukos [HCC npu manbix
yrNax BO3BbIWEHMUSA, YTO 0COBEH-
HO BaXKHO [/ NpUeMa CUTHANOoB
nonpaBok B L-gnanasoHe, mou-
HOCTb  KOTOPbIX  OXWAAEMO
VYMEHbLAETCA MpK YrNax BO3BbI-
wexunsa ot 10° go 50° Hap ropu-
30HTOM.

OTnpaBHOI TOYKON ans paspa-
60TKM cTano ymyb6aeHHoe U3yye-
HWe U3BeCTHOW aHTeHHbl Dorne &
Margolin. KoHcTpykuus 3701 aH-
TEHHbI [eCATUNeTUAMU UCMONb30-
Banach B 6a30BbIx cTaHumax GPS
(0bbl4HO B aHTeHHax Tuna Choke
Ring). OHa gemMoHcTpupyeT 6onee
BbICOKUI KO3 pUUMEHT ycune-
HUS CUTHANIOB MPW ManbIX yrnax
BO3BbIWEHUA HAJ TOPU3OHTOM
(okono -3 ab) no cpaBHeHuio C
APYTUMU QHTEHHAMM, NpUCYT-
CTBYIOWMMU Ha pbiHKE (0ObIYHO
MeHee -5 Ab), M OBOJIBHO BbICO-
Kylo CTabunbHOCTb (ha30BOro
LEHTPA, @ TaKXKE UMeeT KOMMaKT-

Hble pa3mepbl. KOHCTPYKTUBHO
aHTEHHAa COCTOUT U3 ABYX OPTOrO-
HaJIbHbIX Map KOPOTKUX AUMONeit
Haj MOANOXKONW, ¢ dugepamy,
pacnonoXeHHbIMU B CpefHei
TOYKE AMNoNeln, Kak NoKa3aHo Ha
puc. 1a. lpenctaBuM, YTo aHTEH-
Ha pacnofioXXeHa CUMMETPUYHO
OTHOCUTENbHO MOLNIOXKM, 3ame-
HUB MOCNEAHIOK U300paXeHUs-
MU JUNoONel, Kak MoKasaHo Ha
puc. 16. Mpu 3ToM CTPyKTypa
paboTbl @HTEHHbl NpUHUMAET
thopMy 6ONbLLIOW KPYrNOW NETAN C
OJHOPOJHbIM TOKOM, aHanoruy-
Hylo neTneoOpa3Hoil aHTeHHe
Andoppa, pa3paboTaHHON B Ha-
yane 1940-x rr. gpna neneHrauunm
CaMoseToB.

Ho aHTeHHa Dorne & Margolin
obnapaet onpefeneHHbIMU Hepo-
cTaTkamu. B cooTBeTcTBUM C COB-
peMeHHbIMU CTaHAapTaMu ee cxe-
Ma MUTAHWUA CNOXHA W UMeeT
noTepu MOLWHOCTY, @ TaKxKe Tpe-
6yeT 60/1blIMX 3aTPaT Ha U3rOTOB-
fleHue, 4TO BIMAIET HA BOCMPOMU3-
BOAMMOCTb M HaAEXHOCTb. 3Ha-
YeHUMe 0CeBOrO KO3(hdULMEHTa B
3eHUTe  MaKcumanbHoe (Ao
1,5 nb) v panee yxypwaetcs fo
7 ob Ha rpaHuue ropusoHTa —
(hakTop, KOTOpbLIi CTAHOBUTCA
MEHee 3HaYMMbIM MPU UCNOJb30-
BaHUM B KOH(UTYpPALMUM C aHTEH-
Hoi Tuna Choke Ring. Tem He
MeHee, pa3paboTYMKU aAHTEHHbI
VeroStar yepnanu BLoXHOBeHME B
KOHCTPYKLUMKU aHTeHHbl Dorne &
Margolin, oTnaBas ponxHoe ee
aBTOpaM.

KoHcTpykTUBHO aHTEHHa
VeroStar coctout U3 nenecTkos B
BUAE rancTyka-6aboyku, pasme-
LWEeHHbIX HaZ KPYrNoW NOA0XKON
(puc. 2a). Nlemectkn nopknioye-
Hbl K pacnpefieNieHHON CeTn nuTa-
HWS, COCTOAWEN M3 MpOCTOro
KpPOCC-OMNONBHOTO  3/IEMEHTA],
obecneynBalwoLLero HU3KNe noTe-
pn TOKa Mexpy nenectkamu u
NOANOXKOW. B3anmocea3b mexay
nenecTkamu U COOTBETCTBYIOLLEN
ceTblo nNuTaHus obecneymsaer
MaKCUMyM TOKa Ha MOBEPXHOCTU
NenecTKoB, a He B LieHTPe aHTeH-
Hbl, KaK NOKa3aHo Ha puc. 26, 1 B
3TOM OTHOLWEHUWU [OCTUraeTcs
pacnpefeneHve ToKa, aHanoruy-
Hoe pans aHTeHHbl Dorne &
Margolin.

Takas KOMMOHOBKA AaeT ycu-
JIeHUe CWUTHANOB MpU  MasbiX
yrnax BO3BbIWEHUSA, YTO 3Hauu-
TeNIbHO YBENUYMBAET 3HEpreTu-
YeCKUN NoTeHLUMan fis CUrHanoB
co cnytHukos THCC ¢ manbim
VOM BO3BbILWEHWUSA U CNYTHUKOB,
nepepawlux nonpaeku B L-gua-
nasoHe. Kpyrosas monspusauus
aHTEeHHbl Ha ManblX Yrnax BO3Bbl-
WeHNUs MOXeT BbiTb yyylleHa 3a
cyeT nogbopa pasmepoB NenecT-
Ka, TaKMX KaK BbICOTa, WMPUHA U
Yro/ MO OTHOLWEHUIO K MOAIOKKE.
370 pewaet npobnemy acuMMeT-
puUu Mexpay NIOCKOCTAMU 3feK-
TPUYECKOTO U MArHUTHOTO Mo
AMArpaMmMbl HanpaBNeHHOCTM aH-
TEHHbI, KOTOpas 00bIYHO YXyALA-
eT 0ceBON KO3GPUUMEHT npu
Manblx yrnax BO3BbllWeHuUA. Ha

Feeds (out of phase)

Ground plane

AN

N

KoncmpyxkmusgHoe pewerue anmeHH: a) pacnpedesieHue moKos 8 aHmeHHe Dorne &
Margolin; 6) pamoyHaa anmenHa Anghopda
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AHnmeHrHa VeroStar: a) aHmeHHblIl 3nemerm; 6) pacnpedeneHue mMoKa 8 aHmMeHHe

OCHOBaHWMW WUCCNepfoBaHWMi, Npo-
BefleHHbIX Npu paboTe Hafj AaH-
HbIM MPOEKTOM, BbIN0 06HApYKe-
HO, 4YTO reomMeTpua u3nyyatenen
B BWAe rancTyka-6abouku, a
TaKXe UX CBS3b C CETbl0 NUTAHUSA
MOTYT VAYYWMWTb KaK MMNefaHc,
Tak ¥ nofocy nponyckaHua.
Takum 06pa3omM, yaanoch co3aatb
WMPOKOMONOCHYIO QAHTEHHY C
HU3KMMU NOTEPAMU CUTHANOB,
nepeKkpbiBaoLWLy0 amanasoH
yactor THCC ot 1160 MIy po
1610 Mly. PaccornacoBaHue,
CBSiI3aHHOE C CeTbl MNUTAHUA,
coctasnset meHee 0,3 b, a oce-
BOE OTHOWEHWEe OCTaeTcs pa.-
HbiIM okono 0,5 ab B 3eHute u
06bIYHO cocTaBsisieT MeHee 3 ab
Ha ropuM3oHTe BO BCEM AManaso-
He yactoT MHCC.

Ha paHHUX CcTapusax npoekTa
npefnonaranoch, YTo Ana A0CTU-
KEHWA NoCTaBNEHHOI Lenu bynet
[OCTAaTOYHO BCEro YeTbipex sene-
cTkoB. OfHaKko no mepe fanbHen-
WKUX 3KCMEPUMEHTOB U MOJeNu-
poBaHMA CTaNo ACHO, YTO yBe-
NIMYEHNe KONMYecTBa JIenecTKoB
CYWeECTBEHHO Y/yyllaeT CUMMeT-
puio ycTponctea. Ho 3a cyet yBe-
NIMYEHUA KONMYECTBA JIenecTKoB
pacTeT U CNOXHOCTb M3roToBfe-
HWUS aHTeHHbl. B KOHeYHOM uTOre
ObINO ONpefieNeHo, YTo BOCEMb
N1enecTKoB 06ecneynBaloT 3HaUM-
TENbHO JIYULWYI0 CUMMETPUIO, YEM
yeTbipe NenecTtka, C AONYCTUMbIM
KOMNPOMMUCCOM B OTHOLWEHUU

CNOXKHOCTU KOHCTPYKLUU CETH
nnUTaHus.

~ W3mepeHusa

[ucTaHUMOHHbBIE M3MepeHus
napameTpoB B JanbHeN 30He Ans
aHTeHHbl VeroStar 6611 nposepe-
Hbl C MCMoAb30BaHMeM 0e33X0-
BbIX Kamep Satimo B KomnaHusx
Microwave Vision Group B
Mapuetre (CLIA) u B Syntronic
R&D Canada B OttaBe (KaHapa).
/3mepeHus BbINONHANUCL B fua-
nasoHe 1160-1610 MIu, uToGbI
0XBaTUTb BCE MCMOJIb3yEMble
yacrotsl [HCC.

Jlnarpamma HanpaBieHHOCTH
1 napgeHue Ko3gduumeHTa ycu-
NeHnA curHanos. [lnarpammel
HanpaBNeHHOCTU Ha PA3NUYHbIX
yactotax HCC no pesynbratam
M3MEepeHWil  mpuBeAeHbl  Ha
puc. 3. [lnarpammbl HanpaBfieH-
HOCTM HOPManW30BaHbl, MOKa3bl-
Bas YCWU/IEHWE CWUTHANOB C IeBO
(LHCP) n npaeoit (RHCP )nonsapu-
3aumeit Ha 60 a3MmyTax C lWarom B
3° CurHansl c komnoHeHTon LHCP
3HAYMTENIbHO NOJABAATCA B
BepxHeil nonycchepe Ha Bcex
yactotax THCC. PasHuua mexay
YCUNEHWEM CUTHaNoB C MoAApU-
3auuent RHCP n LHCP coctaBnser
ot 31 ab no 43 pb, uto obecneyu-
BAaeT HafeXHoe pasfeNeHne cur-
Hanos. Kpome Toro, ana gpyrux
VIIOB BO3BbIWEHUA B BepXHei
nonycgepe curHansl ¢ nonspusa-
unenn LHCP ocrtatotca Ha 22 b
HUXe MaKCMManbHOro YCUNeHUs

curHanos c nonspusayueir RHCP
“ paxe Ha 28 ab B ananasoHe ot
1200 po 1580 MTu.

Ha puc. 3 Takxe nokasaHo, 4To
aHTEHHa WMeeT MNOCTOAHHOE
3HaYeHWe aMnNANTYAbl BN CUTHa-
JI0B, NOCTYNAIOLWMNX C OANHAKOBbIX
VINI0B BO3BbILWEHMSA, HE3ABUCUMO
OT a3MMyTaNbHOrO HanpasfeHus.
B pesynbtate obecneumBaetcs
BbICOKAs CTabUNBLHOCTb (ha30BoOro
LLEHTPa, 0 KOTOPOM ByAET CKasaHo
panee.

Ha puc. 4 nokasaHbl u3MmeHe-
HUA 3HaYyeHWN KoddduumeHTa
VCUNIEHUA CUTHANOB MpU CMelle-
HUM K TOPWU3OHTY ANs aHTEHHbI
VeroStar u wectn Apyrux aHTeHH
ans noasuxkHbix THCC-npuemHu-
KOB, NPELCTaBNEHHbIX HA PbIHKE,
Mo JaHHLIM U3MepPEeHNIt BO BpeMs
TOrO € CeaHca C MCNoJb30BaHU-
em 6e33x0BblX Kamep Satimo.
3HayeHusa Ko3dduumneHTa ycune-
HUA curHanoB y VeroStar meHstoT-
CA He TaK 3HauYWUTeNnbHO, Kak y
LPYruX aHTeHH. AMnauTypa cur-
HanoB OT TOYKM BU3NPOBAHUA
aHTeHHbl VeroStar (3eHuT) po
ropu3oHTa ymeHbliaeTcs ¢ 6,5 ab
o 8 nb ana Bcex fManasoHoB
4acToT.

Beicokne 3HaueHna ko3ddu-
LMeHTa yCUNeHUA CUTHanoB OT
MCTOYHMKOB Ha MasblX yrnax BO3-
BbIWEHUA (HU3KNI KO dULMEHT
nageHns) 4enaloT aHTeHHy bonee
BOCMPUMMYMBON K MNOMexaM,
BbI3BAHHLIM MHOTOJy4eBOCTbIO.
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Hopmanu3osarHsle duazpammsbl HanpasaeHHocmu Ha 60 asuMymax 4acmomHbix OUuana3oHo8
THCC aumenHeo! VeroStar

MepeoTpaXkeHHble CUTHaNbl — 14

3TO B OCHOBHOM 3ana3pblBatoLme

CUTHaNbl C 1€BOI noaspusalue. 13 \\‘/—-\_\
Ecau oHu nepepatotca oT uctou- i

HUKOB C 6O/MbWKMM YIIaMK BO3-

BbIlEHNUA, NpobneMm He BO3HU- 11 w
KaeT, noTomy 4To Ko3dhduumneHt

ANAUNTUYHOCTU aHTEHHbl AnA @ 10

3TUX YrNOB HU3KKIA. Takum obpa- % 9

30M, NpueM napasuTHbIX nepe- |3

oTpaXeHHbIx curHanos Oygetr |T 8

MUHUManbHbIM. OAHAaKO 06bIYHO B 7

aHTEHHax nepeoTpaXKeHHble Cur- /\/\
Hanbl OT UCTOYHWKOB Ha MalblX 6 | I —s—Rover antenna 1 —a— Rover antenna 2

ymax_sosswuenns yxyauanr | g|| TTpomensd  Sciommenes

KayecTBO HabntofeHuit wu3-3a — Tallysman VeroStar

HﬂOXVIXXElpaKTepI/ICTVIK3J'IJ1VII'I- 4000000000000000 oo o o o o o o o O
@HTa yria HaknoHa 3naunca Frequency (MHz)

nonapusauuu. MNpu manbix yrnax

BO3BbllWEHUs aHTeHHa VeroStar
obnafaer UCKIIYUTENbHLIMU Xa- U3meHeHUs 3HaYeHuli Ko3ghghuyueHma ycuneHus cU2HaN08 npu cMeuieHuu
PaKTEPUCTUKAMM 3NAUNTUYHOCTU K 20pu30Hmy 01a anmeHHsl VeroStar u wecmu dpyaux aHmeHH 013 NOOBUXKHbIX

1 XOPOIWNM KO3 hULMEHTOM yria THCC-npuemtukos
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Kosgpgpuyuenm ycunenus cuzHanos c npagoti nonapusayueti (RHCP) anmeHHs!
VeroStar 8 3eHume u npu yane 10°

HaKMoHa 3nnMNca nonspu3auu,
YTO 3HAUUTENbHO CHUXAeT MHO-
rojly4eBble MOMEXH.

N3mepeHus ¢ nomouwpbko
aHTeHHb! VeroStar npoBoanaunce B
YCNOBUSAX BbICOKOI MHOTOJTy4Y€BO-
CTM W 3aTeM CpaBHMBANUCH C
pesynbTaTaMu Lpyrux aHTeHH ans

noauxHbix MHCC-npuemHuKkosB,
NpeACTaBNeHHbIX Ha  PbIHKE.
Mi3mepeHusa nokasanu, uto daso-
BbIW WYM MpW yIe BO3BbIWEHUSA B
5° coctaBnsieT ot 6 b no 10 gb
Ha Bcex 4actotax MHCC. Opyrue
aHTEHHbl paboTaloT aHaNoruyHo,
HO MMEIOT 3HaYNUTENbHO Gonbluee
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Ocesoe omHoweHue 8 3asucumocmu om 4acmomel aHmeHHs! VeroStar npu pasHeix
yenax so3sbiWieHUA

yMeHblleHune Ko3adhduymeHTa
VCUNEHWUS CUTHANOB. 3TO HamsAA-
HO [IEMOHCTPUPYET, YTO AHTEHHA
VeroStar obecneyunBaer Gonbliee
yCUIEHME CUTHANOB Ha MalnblX
yrnax BO3BLIWEHUA, a TaKxe
MMEeEeT BbICOKYIO CTEMEeHb YMeHb-
WEeHUA BIWUSAHUS MHOTOJy4YeBO-
cTu.

Koadduunent  ycunenus
curHanos U 3¢ eKTUBHOCTD
aHTeHHbl. Ha puc. 5 BUAHO Kak
YCWUIMBAIOTCA CUTHANbI C NPaBOWA
nonsapusauneit (RHCP) aHTeHHbI
VeroStar B 3eHuTe 1 npu yrne Bo3-
BbllweHus 10° ans Bcex 4acToT
HCC. M3mepeHus nokasbiBaloT,
Y4TO aHTEHHa MMeeT 3Ha4yeHus
KO3 puLMeHTa YCUNEHUA CUTHA-
NoB B 3eHuTe 0T 4,1 ob Ha yacTo-
Te 1160 MIy go 3,6 gb Ha yacToTe
1610 Mluy. YcuneHue curHanos
aHTEHHbI MPW yr/ie BO3BLIWEHUs B
10° Bapbupyetcs ot -1,45 nb po
-2,2 pb n aBndetca mMakcumanb-
HbIM B YaCTOTHOM [MANa30He,
MCNoNb3yeMoM it nepefayn no-
npaBok B L-guanasoHe (1539-
1559 MIu). 3cddekTMBHOCTL U3-
JIYYEHUS aAHTEHHbl COCTaBAseT
70-89% Ha BCeit nonoce nponyc-
KaHWA. 3TO COOTBETCTBYET BHYT-
PEHHUM (KCKPbITBIM®») MOTEPSAM
Bcero B 0,6—1,5 nb, BKntoyas
noTepu B MEfHbIX 3/EMeHTax,
JIMHWUM CeTU NUTAHUS, LENK Corna-
coBaHua u -o06pasHoM rubpua-
HoM  oTBeTBMTene. [laHHble
XapaKTepPUCTUKM  CYLWECTBEHHO
Jiyylle No CPaBHEHWIO C APYrUMK
TUNAMKU QAHTEHHbIX 3JIEMEHTOB,
HanpuMep, CNMPaNbHbIMU aHTEH-
HaMu, KOTOpble AEMOHCTPUPYIOT
BHYTPEHHIOK noTepto 3ddekTus-
HOCTU, 6AM3KYI0 K 4 ob Ha Gonee
Hu3kux yactotax [HCC. bna-
rofaps BCTPOEHHOMY LWWPOKOMO-
JIOCHOMY  npefBapuTesbHOMY
hunbTpy, a TakxKe manolwymsie-
My yCUIWUTEN Obln  monyyeH
K03 hULMeHT 4OOPOTHOCTH, paB-
Hblli 25 1b/K npw yrne Bo3Bbile-
Hus B 10°.

Ko duumeHt 3nnuntuyHo-
ctu (oceBoe COOTHOLIEHUE).
3HayeHus KoaduumeHTa annun-
TUYHOCTU AN aHTeHHbl VeroStar
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MpW PasiM4YHbIX yYrNax BO3BbIle-
HUA MOKa3aHbl Ha puc. 6. AH-
TeHHa 061afaerT MCKIYUTENb-
HbIMU XapaKTEPUCTUKAMU KO3d-
buuMeHTa 3NAUNTUYHOCTU BO
Bcex AmanasoHax yactot MHCC u
L1151 BCEX YII0B BO3BbIWEHUS, NPU
3TOM €ro 3HayeHue He npeBbila-
et 3,5 ob, uT0 yBENMUMBaET cno-
COOHOCTb aHTEHHbl OTKIOHATb
CUrHanbl C NeBON monspu3auumen
(LHCP), nonyyeHHble B pe3ynbra-
Te OTPaAXeHUi oT GAMKANLWKUX aB-
TomMoGunein unu 3aanuin. Cnepo-
BaTe/IbHO, YYBCTBUTENIbHOCTb aH-
TEHHbI K MHOTOJIYY4€BbIM MOMEXaMm
3HAYNUTENbHO CHUXKAETCS.

Ha puc. 7 xapaktepuctuku
KO3 duumeHTa 31AUNTUYHOCTU
aHTeHHbl VeroStar Ha ropusoHTe
CPaBHMBAKTCA C WeCTblD aHTEH-
Hamu gns nofBuxHbix THCC-npu-
€MHWUKOB, MpPeACTaBAEHHbIMU Ha
pbiHKe. AHTeHHa VeroStar nmeet
cpefHUit KoadduumneHT 3namn-
TUYHOCTM B 2 Ab Ha ropusoHTe
(aHTEHHbI KOHKYPEHTOB 06bI4YHO
nokasblBaloT okono 6 Ab), uTo
LEMOHCTPUPYET ee CnoCobHOCTb
OTC/IEXMBATb «YUCTbIE» CUTHAMbI
¢ npasoit nonspusauymneint (RHCP)
M obecneynBaer 3HauUTENbHOE
YMeHbleHUe BAWAHUSA MHOTO-
JIYY4EBOCTU MPU ManbIX YIrax Bo3-
BbILIEHNS.

CrabunbHocte  hazoBoro
ueHTpa. B nporpamme Matlab
ObIn pa3paboTaH Kop A5 OLEHKM
cTabunbHOCTU ha3oBOro LeHTpa
no MONy4YEeHHOW  auarpamme
HanpasieHHocTH. Ha puc. 8 no-
Ka3aHbl MaKCMManbHble OTK/IOHe-
HMS Pa30BOT0 LEHTPA AHTEHHbI
VeroStar u wecTn aHTeHH Ans
nogBuxHbix HCC-npuemHuKoB,
NpeACTaBAEHHbIX HA PbIHKe, Ans
YeTblpex pacnpocTpaHeHHbIX Yac-
ToT THCC. BupHO, 4TO MaKcMManb-
Hoe obLiee OTKIOHEHMe (ha30BO-
ro LUeHTpa aHTeHHbl VeroStar
cocTaBnser MeHee 2,9 MM pans
BCEX [AMANa3oHOB 4acToOT, 4TO
MeHblle, YeM Y APYrUX NpoTecTu-
poBaHHbIX aHTEHH. Kpome ToOrO,
OTKNOHeHWe (a3oBOro LeHTpa
aHTEHHbl CyLECTBEHHO HE 3aBU-
CWT OT YacToTbl. 3TO CpaBHEHMWe
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nnockocmu anmerHb! VeroStar ¢ wecmoio Opyaumu aHmeHHamu 014 NOOBUXKHbIX
THCC-npuemHuKos

NOATBEPKAAET UCKNIOUYUTENbHO
BBICOKYIO CTabWUNBHOCTb (a3oBo-
ro LeHTpa aHTeHHb! VeroStar.

- KOHCprKI.I,Mﬂ ycunutena ¢
HU3KUM LLYMOM

Hamnquee [OCTUXKMMOE OT-
HOLWeEeHWe YPOBHA HeCyLlero cur-

Hana k wymy (C/LWW) pns curHanos
C BbICOKOW NAOTHOCTbIO MHOP-
MaLMOHHOMO MOTOKA OrpaHuUyeHo
3O PEKTUBHOCTbI0O KaX[oro u3
aHTEHHbIX 3NeMeHTOB, Ko3(hdu-
LMEHTOM YCUNIEHUS CUTHANOB U
o6WwMM KoIpdULMeHTOM WyMma
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npuemHuka. KonnyectseHHo 3To
MOXHO OMpPEeAennTb C MOMOLbIO
koathduumneHta  pobpoTHOCTH,
Hap KOTOpbIM 06bI4HO mpeobna-
LaeT Ko3pduumueHT wyma Bxopn-
HOr0 ManolWyMALLero yCUnuTens.
B KOHCTpYKUMM ManowymsLLero
YCUANTEN B COCTABE aAHTEHHbI
VeroStar npuHATHIA curHan pas-
gensercs Ha Gonee HU3Kue
yactotsl MHCC (1160-1300 MIu)
u 6onee Bbicokue yactotbl MHCC
(1539-1610 MTIu) B aunnekcepe,
NOAKIIOYEHHOM HenocpefCTBeH-
HO K KOHTaKTaM aHTeHHbI, a 3aTeM
npenBapuTensHo huUnbTpyeTcs B
Kaxaoin nonoce. MmeHHo 3paech
BbICOKOE 3HayeHue Koadhduum-
€HTa YCWUIEHUA CUTHANOB U
3¢ (DEKTUBHOCTb AHTEHHOrO 3fe-
MeHTa 00ecneynBaeT HavyanbHoe
npenMyLLecTBO, NOCKObKY Hens-
GeXHble noTepu, BHOCUMble AWM~
NleKcepom 1 uibTpamu, KOMNEH-
cupytoTcs 6onee 3HAUUTENbHbIM
VCUNIEHUEM CUTHANOB aHTEHHbI, U
370 0becneynBaeT BbICOKOE 3Ha-
yeHue ee JOOPOTHOCTH.

Mpu 31oMm THCC-npuemMHuMKM
AO/MKHbI paboTaTb C HacbIlUEH-
HbIM PaAMOYACTOTHBIM CMEKTPOM,
M CyWwecTByeT psAj CUTHanNoB
BbICOKOFO YPOBHA, CO3Aal0WMX
noMexu, KOTOpble MOryT 3anof-
HATb AWANa3oH U CHUXaTb YyB-
cteutenbHocte HCC-npuemHm-
KoB. K HUM OTHOCATCA CUTHanbl
MOBUIbHLIX TenetoHOB, B YacT-
HOCTW, CUTHaNbl NepCrneKkTUBHOMO
cTaHpapta LTE B puanasode
700 MIu, KoTOpble NpeacTaBnaoT
OMACHOCTb M3-33 BO3MOXHOCTM
reHepaluy rapmMoHUK B Manoluy-
mawem ycunutene aHtenH MHCC.
Jpyrumn noteHUManbHO Mewwalo-
WMMW  CUFHANamu  ABAATCA
Globalstar (1610-1618,25 MIu),
Iridium (1616-1626 Mlu) wu
Inmarsat (1626-1660,5 MIu),
KoTOpble npefcTaBasT cob6oii
CUrHaNbl  CNYTHUKOBOW CBA3M
BbICOKOI MOLWHOCTH, Ban3KMe Mo
yactote Kk curHanam [JIOHACC.
MMo3TOMy KOHCTPYKLMA Manowy-
MALLEr0 YCUNUTENA B aHTEHHe
VeroStar — 310 KOMmpomucC
MEX[Y MaKCUManbHOW YyBCTBM-

TENbHOCTBIO UM aBGCONMIOTHBIM
nojaBfieHneM nomex.

MepBoi 3alMUTHON MepoW B
ManolwymsLem ycunutene Aena-
eTcsa fobaBneHne MHOr03NeMeHT-
HbIX MONOCOBbIX (UALTPOB Ha
BbIXO[AX AHTEHHbIX 3NEeMeHTOB
(nepen, mManowyMmawWMM ycunuTe-
nem). OHM po6aBnswT noTepto
curHana B 1 pb n3-3a cBoeit y3-
KO N0NOChl NPONYCKAHUSA U YHU-
KaNbHbIX XapaKTepUCTUK LyMO-
nofasneHns. CoOTBETCTBEHHO
KO3(hULMEHT WymMa B Manowy-
MAWEM yCunuTene yBennyuBaet-
CA MOYTU Ha CTONbKO Xe M3-3a
LOMONHUTENbHO BHOCMMBIX MNO-
Tepb NpeaBapuTenbHbIX GUALT-
poB.

Bropo#t 3awwuTtHOW  Mepo#
ABNAETCA WCMONb30BaHWe Mano-
WYMALWEro YCUINTENA C BbICOKO
NIMHeRHOCTbI0. 3TO [OCTUraeTcs
6e3 Kakoro-nubo 3HauYnUTENbHOTO
yBeNYeHNUs 3HepronoTpebneHus
3a CYeT NPUMEHEHUS MUKPOCXeM
ManoWyMsLLero ycuiautensa, uc-
NoNb3yloWMUX OTPULATENbHYIO 06-
paTHyilo CBA3b Ans obecneyeHus
KOHTPONIMPYEMOTO MMMefaHca W
yCUAeHUa B LWKWPOKOW nonoce
NponycKaHus.

Cnepyetr umeTb B BUAY, 4TO
€CNN B HACTOosLLee BPEMSA B OKPY-
Xalolem npoCcTpaHCTBE W3Ha-
YanbHO NOMexu OTCYTCTBYIOT, TO
3TO MOXET OYeHb ObICTPO U3Me-
HUTbCA B JAaNbHeNlWeM B CBA3U C
pasBuTUEM TeNEeKOMMYHWKALMOH-
HbIX yCIyr, MO3TOMY Hannyue
3alLUTLl OT MoMex Lenecoobpas-
HO [a)e B YCNIOBMAX CMOKOMHOW
PaAnMOoYacTOTHON 0GCTaHOBKMU.
MoTeHuManbHO HexenaTenbHbIM
no6oYHbIM 3P hEKTOM  TaKux
npefBapuUTeNbHbIX  QUNLTPOB
ABNAETCA AWCNEpCUs CUTHana,
KoTopasi MOXeT ObiTb pe3ysibTa-
TOM NepemMeHHOW 3afepXKn B
nonoce NponycKaHus.

Takum 06pa3om, BaXHO YUNTbI-
BaTb 3TU KpUTEpWUU mpu Bbibope
noaXoAAlNX NpefBapuTeNbHbIX
¢dunbtpoB. PunbTpel B Manouwy-

malwem ycunutene dHTEHHbI
VeroStar npuBoaaT K Makcumasb-
HOMY  M3MeHeHWio  obweii

3afepxkn meHee 107 ¢ Kak Ha
6onee HuU3kux yvactotax [HCC
(1160-1300 Mry), Tak u Ha 6o-
nee Bbicokux yacrtotax [HCC
(1539-1610 MIu).

B 3akntoueHue cnegyet otme-
TUTb, 4YTO B CTaTbe€ OMNUCAHbI
XapaKTepPUCTUKN pa3paboTaHHOI
aHTeHHbl VeroStar ¢ npeBocxog-
HbIMU 3N1EKTPUYECKUMU CBOIA-
CTBAMW [N NMpuUeMa pafuocur-
HafoB C NpaBoi nonspusaumei,
ONTUMU3NPOBAHHON Ans paboTbl
C HECKONbKUMW CO3BE3AUAMU
THCC n MHOro4acToTHbIMM NOA-
BMxHbIMM HCC-npuemHMKamu.
AHTeHHa o6nagaet BbICOKOMN
UyBCTBMTENBHOCTbIO MPKU Manbix
yrnax BO3BbIWEHUA, BbICOKOW
3 heKTUBHOCTbIO, OYEHb HU3-
KUM OCEeBbIM OTHOWEHUEM W
BbICOKOI CTabMAbHOCTbIO (ha3o-
BOrO LeHTpa. JIerkuit u Komnakr-
Hblii AHTEHHbIW 3eMeHT 3aKio-
YeH B HECKOJIbKO MPOYHbIX KOp-
MycoB, CMPOEKTUPOBAHHbLIX WU
M3rOTOBNIEHHbIX C pacyeToM Ha
HAAEXHOCTb, YTOOLI BblAEPKATH
nioGble ucnbiTaHus npu paboTte
[AXe B CIOXHbIX MONEBbIX YC/IO0-
BUAX.

AnTeHHa VeroStar umeer
[OCTaTOYHYI0 MONOCY MponycKa-
HWUA [is npuema BCex Ccylie-
CTBYIOWMX B HACTOALLEe BPeEMA U
nnaHupyembix curHanos [HCC,
obecneynBas npu 3TOM BbiCOKMe
CTaHpapTsl Kadectsa. McnbiTaHua
aHTEHHbl MOKa3anu, 4To HoBas
KOHCTpYKLMs (M30rHyTBIE Nene-
CTKM, COeIMHEHHbIE CO CKpelLleH-
HbIMW AWUNONAMMU, CBA3AHHBIMU C
BbICOKOI((DEKTUBHLIM Manolly-
MAWMUM ycunuTenem) obnagaet
VHUKaNbHbIMW XapaKTepucTuKa-
MU, 0COBEHHO B OCEBOM COOTHO-
WEeHUWU, YMEHbLEHUN BAUAHUA
Kpocc-nonspusaunmm u crabunb-
HOCTM (aA30BOro LeHTpa. ITH
¢dyHkunn penatot VeroStar unpe-
a/IbHON AHTEHHOM AN NOJBUX-
Hbix THCC-npuemHuKoB, rae Tpe-
OyeTcs OTCNEXMBAHWE CMYTHUKOB
Ha ManblXx yrnax BO3BbIWEHMUS,
obecneynBas nosb30BaTeNsiM Ho-
Bblii yPOBEHb TOYHOCTM MO3ULNO-
HUPOBAHMUSA.
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KPELO PACYET AE®OPMALNN 2.0 —
HOBOE B CUCTEME

I.B. Yaposuu («Kpepo-[uanory, Pecny6nuka benapyco)

B 1983 r. okoHuun reorpacuyeckuit pakynsret benopycckoro rocyaapcrteeHHoro yHusepcuteta (MuHck) no
cneumanbHocTM «reorpadusay», a B 2005 r. — reogesuyeckunt cdakynstet [lonouKoro rocyaapcTBeHHOro

yHMBepcUTeTa N0

cneunanbHOCTHU

«NpuKnagHas reogesunax».

Pabotan B

benkommyHnpoekT

(bensopokaHannpoekt) u HMO «Asporeopesus». C 1998 r. pabotaer B komnaHuu «Kpepo-[lmanor,
B HacTosllee BpeMs — BedyLNil aHaNUTUK U pa3paboTumMK reofesnyeckoro HanpaeneHus komnnekca KPELO.

I.B. CepacmmoBuy («Kpeno-Iuanory, Pecny6nuka benapyck)

B 2015 r. okoHYuUn reope3nyeckuii akynoteT MoN0LKOro rocyaapcTBEHHOTO YHMBEPCUTETA NO CNeLMUanbHOCTH
«reoge3unct». Mocne okoHYaHUs yHuBepcuTeTa pabotan B YN «benaspokocMoreogesusy, ¢ 2016 r. — 8 PYI
«benreopesusy, c 2018 r. — B YIN «MUHTA3». C 2020 r. pabotaert B komnanuu «Kpego-[uanor, B HacTosLee

BpeMa — UHXXeHep-reone3uncr.

Mpu cTpoutenbcTBe W 3IKC-
nayaTauuyM MNpOMbIWIEHHbIX U
rpaXAaHCKUX 0OBEKTOB, TaKMX
kak [3C, aTOMHble 3NeKTPOCTaH-
LMK, WaxTbl, Kapbepbl, FOpHO-
oboratutenbHble NPeanpuaTUsS K
4P., Heob6XOAMM MOCTOAHHbIN
MOHUTOPUHT pedopmauuii.
Jedopmaunu moryT 6bITh B BUAE
0CafloK, Moj KOTOPbIMM MOHM-
MaloTCA BEpTUKaNbHble CMelle-
HUsA HabnofaeMoro obbeKTa, Unu
cmelleHnin B nnaHe. KoHTtponb
u3MeHeHUn pecdopmauuit KoH-
CTPYKUMA NO3BONSET B 3Hauu-
TENbHOW CTeneHU MUHUMU3WUPO-
BaTb PUCKW UX MOBPEXKAEHUA U
paspyleHus.

~ HasHaueHune  nporpammbi
KPEAO PACYET JEDPOPMA-
LUUIA u npeumywecrea pabo-
Tbl B HOBOW BepCUU

Mporpamma «KPEOO PACHET
JEGOPMALINI», pa3paboTaHHas
komnaHnuen  «Kpepo-[Ouanory,
npefHasHayeHa Ans o6paboTku
pe3ynbTaToB MHOTOKPATHbIX
(LMKANYECKMX) TeoAe3nYeCcKux
HabnofeHUi 33 0cafKaMu U cMe-
WeHUAMU  Y4acTKOB  3eMHOIA
NOBEPXHOCTU, 3A4aHWI U coopy-
KEHUI, BKMIOYas BU3yanusauuio
M CTaTUCTUYECKMIt  aHanu3
AethopMaLMOHHBIX NPOLLECCOB.

PaccmoTpum Kaxpgblii U3 3Ta-
nos paboTbl B nporpamme, a
TaKKe HOBble (DYHKLMOHANbHbIE
BO3MOXHOCTW, KOTOpble MOSBU-
nuce B Bepcun 2.0.

Kak u mHorue Bupabl reogesn-
yeckux paboT, KOHTpoNb 3a
gedopmaumaMmU 0OBEKTOB Hauu-
HaeTcs C MOJEBbIX WU3MepeHMil.
TexHONOrMA MOHUTOpPUHTA fJe-
dopmaunini 0CHOBaHa Ha nocne-
LOBaTeNbHOM HAKOMEeHUU U
06paboTKe BbICOTHbIX OTMETOK W
NJaHOBbIX KOOPAMHAT cneuu-
aNbHbIX 0CaA0YHBIX U 0CALOYHO-
LedopMaLMOHHBIX MapokK,
3aKpennseMbix Ha 0ObeKTe.

Ha pasHbix 3Tanax 06paboTku
pe3ynbTaToB HabniofeHnit  3a
nedopmaumammu noseaseTcs He-
06Xx0aMMOCTb PaboThl B pasHbix
nporpammax, byab To Nporpamm-
Heln komnnekc KPELO wan cro-
POHHMe NMporpaMmMHble CpefCTBa.
MoHumas 370, pa3paboTynku
komnanun «Kpepo-Iuanor» B
HOBbIX BEpPCMAX Mporpamm pea-
JIN3YIOT BO3MOXHOCTb MMMOPTA
$hopMaToB KaK MpPOrpaMmMHOro
komnnekca KPELO, Tak u gpyrux
nporpammHbIx cpeacts. B npo-
rpamme «KPEQO PACYET JE®OP-
MALUI» po6asnen dyHKLMOHAN
yTeHus ¢halnos, CO3AAHHbLIX B

NOCNeLHUX BEPCUAX MPOrpamm
KPEAO [OAT (GDS5), HWBENWUP
(NIV3), a Takxe B popmatax DWG
u TopoXML.

Mporpamma «KPELO PACYET
JEEGOPMALINA» no3sonset pe-
WaTh WWPOKKIA CNEKTP 3aAay Mo-
HUTOPWHTA, @ TaKXKe BbIMOMHATH
HEKOTOpble WHXEeHepHble pacye-

Tbl 0o0uWero HasHadyeHus. Bot
JINWb HEKOTOPbIE U3 HUX:
— aHanu3  yCToMYMBOCTU

KOHTPOJIbHBIX MYHKTOB KapKac-
HOW ceTn reofesnyeckoro oboc-
HOBaHWs B NJ1aHe U MO BbICOTE MO
OTHOWEHMIO K HAyaNbHOMY U
npeabiaylemMy Uuknam Habnwoae-
HUWA;

— pacyeT NMHUM TPEHAA pas-
BUTMA OCAfIOK M CMELLEHN 06b-
eKTa;

— pacyeT punarauuu, cxatus
W pacTAXKeHUs, BpaLleHus;

— nocTpoeHue pedopma-
LLMOHHbIX NOBEPXHOCTE;

— BblYMC/IEHME 3HAYEHMUIA
KpeHa u nporun6a ans NMHeRHbIX
06beKTOB (NWHWIA npoduneit),
HAKNOHA U KpyyeHus ans GalweH-
HbIX COOpPY)eHWIH U MHOroe fpy-
roe.

XoTenock Gbl OTMETUTb OCHOB-
Hble npeumylectsa paboTel B
HOBOIl BEPCUM NPOrpaMMmbl:
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— WHTepdeic, NPUBbLIYHBIN
ANf nonb3oBaTenen nporpamm
KPELO OAT u HUBEJINP;

— WKPOKKiA Habop dopmaTos
BXO[JHbIX AaHHbIX, BO3MOXHOCTb
HacTpauBaemoro KMnopta B
noab30BaTeNbCKMUX hopmaTax;

— nonHas nopjepxka dop-
matos KPELO JAT n HUBENNP;

— BO3MOXHOCTb MCNONb30Ba-
HWS PaCTPOBbIX MOAJIOXKEK U BEK-
TOPHbIX [aHHbBIX B pacnpocTpa-
HeHHbIX thopmaTtax ans obnerye-
HUA BOCNpUATUSA MHDOPMALUN U
0TOOpaXeHUA BHEWHero BKUAA
gedbopmupyemoro obbekTa u
HacTpoikn opM BbIXOJHON fO-

KyMeHTaLuu nop TpeboBaHus
nonb3oBaTens U CTaH{APTHI
npeanpuaTus.

~ HoBbllt ¢yHKUMOHaAN npo-
rpammbl «KPEJO PACYET
AEDOPMALNIN» Bepcum 2.0

B HoBoIl Bepcun pobaBneH
pacyeT MNpPONyLEHHbIX AaHHbIX
AN Mapok. Buluucnsotca cne-
AylolMe AaHHble: NPOrHO3Hble
3HAYeHWA AN HAYaNbHOro 1/ Unn
NoCNeAHEro KOHEYHOro LIMKIOB ¢
NPONYIIEHHbIE 3HAYEHUA — ANA
BHYTPEHHUX UMKI0B. MMpu BbIGO-
pe mMeToga  anmpoKcumayuu
Heo6X0AMMO yKa3aTb GyHKLMIO
M3  BbiNajamlWero  Ccnucka
(puc. 1). PaccuutaHHble faHHble
oTobpaxaTcs KypCcMBOM B Tab-
nuue «HabnogeHusy.

[ns  BHOBb  3aN0XEHHbIX
MapoK noj NpeXHUMU MMEHaMK
c03[aHa KoMaHfa «3afaTtb HOBbIE

PACHET AECOPMALIVIN

Mapamertp

MporHosHbie AaHHbIE Het

MponywienHele AaHHbIE

3HayeHwe

|HauBonee gocToeepHaa

| Nuneinas
KeagpatuuHan

| Mepuogmuueckas

| Mokasarenstan

| MoavHoMKaneHas

Bbi6op ¢yHKyuu Memoda annpokcumayuu

Buifop uctounmka seb-kapt - PACUET LEQOPMALIMK

|

TTDEABADHTEMbHE MPACHOTD CHiHKS

061acms web-kapmel, UMNOPMUPOBAHHAA 8 NPOEKM

KoopauHaTbl». epef BbinosHe-
HUEM KOMaHAbl HeobXOAMMO
Bbi6paTh B Tabnuue «Habnio-
LEHUA» UMK, [AAf  KOTOpOro
BBINOHSAETCSA CMelleHne, U cae-
NaTh 3TOT LMK/ aKTUBHbIM,

O06HOBNIEHO M YNOPALOYEHO
cofepxaHue WHdopmauum B
NpoOTOKOJE aHanu3a KOHTPONb-
HbIX MYHKTOB. [1pu 3TOM KONMye-
CTBO METO[,0B aHanu3a ycTonum-
BOCTM KOHTPONbHbIX MYHKTOB
0CTanoCh NPEXHMM.

anI dHanun3e Mnoay4eHHbIX
pe3ynbTaToB ANf OLEHKU TEHAEH-

LUMA Ha KaxpoMm M3 00bLEKTOB
KpaiHe BaXHa HamAgHOCTb. B
CBA3W C 3TUM B HOBOM BepcUM
L006aBNeHo YTeHue AaHHbIX web-
cepBucoB. PeanusoBaHa BO3-
MOXHOCTb PaboTbl C KOCMUYe-
CKMMU CHUMKaAMU W KapTorpadu-
YecKMMW MaTepuanamu yepes
web-cepBucel Google Maps u
Bing (puc. 2).

B cnyuae HeobxopumocTH, B
nporpaMmme MOXHO A06aBNATbL U
yoanaTb cepeepa, a TaKxe
peAakTUpoBaTb NapameTpbl yxe
cylecTeylowmux B OubnuoTeke.
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TaK Kak B nporpamme OTCyTCTBY-
eT NOHATUE CUCTEM KOOPAMHaT,
TO NpuBA3Ka JaHHbIX web-cep-
BMCOB BbIMOJNHAGTCA MHTepaK-
TUBHO, NMOCNEA0BATENbHO YKa3bl-
Bas OMOpHble TOYKM Ha web-
KapTe 1 BbIOWPAsA COOTBETCTBYIO-
wMe MM TOYKM Ha obbekTe.
3afaHHylo obnactb web-KapTl
MOXHO COXPaHWUTb (MMMOPTUPO-
BaTb) B MPOEKT KaK pacTp 3ajaH-
HOTO paspelweHns U 3aTem
OTNPaBUTb €ro B YepTEXHYI0
Mmogens (puc. 3).

TakxXe HOBLWeCTBOM fBnAeTCA
BO3MOXHOCTb CO34aBaTb, MC-
noNb30BaTb M aHaNM3MpoOBaThH
HOBblE BUAbl AAHHbIX — [OMOA-
HUTENbHbIE. HOJJ, HUMWU NOHU-
MatoTcs NobOble faHHble, KOTOpble
NpAMbIM WM KOCBEHHbIM 06pa-
30M cBA3aHbl C AeopMauuoH-
HbIMM MpoLlecCaMM — Harpyska
Ha FPYHT UK COOPYXeHUe, ry-
OuHa npomep3aHus u T. 4. Ons
3arpy3ku JOMONHUTENbHbIX JaH-
HbIX B CMUCTEMY HeOb6XOAWUMO
3apaHee €03JaTb MX B pasjgene
«CBoiicTBa npoekTa» M BbIGpaTh
AN HUX HEOOXOAMUMbIN TUN: TEM-
nepatypa, BblCOTHAasA OTMeTKa,
KpuBM3Ha u T. A. (puc. 4). [o-
NOSIHUTENbHbIE [aHHble MOXHO
MMMNOPTUPOBATL W3 TEKCTOBLIX
taiinoB UM BBOAUTL C KNaBWa-
Typbl. Ecnu paHHble umnopTu-
pVYIOTCA U3 TEKCTOBbIX (haiioB no
wabsoHy, TO yTUAMTA UMMOpTa
BUAMT» [ONONHUTENbHbIE Nepe-
MeHHble, 3apaHee CO3JaHHble B
pasgene «CBoicTBa npoekTax.
WHdopmauus no pononHuTens-
HbIM JAaHHbIM NepefaeTcs B Noj-
npobunbHylo Tabauuy rpacu-
KOB, TaKXe MO HUM MOXET ObITb
NOCTPOEHa NOBEPXHOCTb.

[lna co3paHusa cxem B HOBOM
BEPCUMU NpeaycMoTpeH GYHK-
LMOHaN YHUBEPCANbHbIX MOAMK-
ceit (noanuch 06bEKTA, OTPE3KA,
yrna), C nOMOLWbI0 KOTOPbIX
MOXHO rMOKO HacTpauBaTb Noj-
nUCU C pasmepoM 00ObBEKTa,
BK/IOYAA €ro XapaKTepUCTUKM.
B cooTtBeTcTBMM C noxenaHus-
MU nonb3oBateneil nepepabo-
TaHO M yayyWeHo obliee NHTEp-

CeoiicTea npoekTa - PACYET AEOOPMALIMIA

[Jonyckn gna nap nyHKTos
Aonyckn 4nA NoAKPaHOBLIX MyTed

4 Ned L b

WexogHeie ganneie

s | Hazsanme Twn egunmnubl MSMepHEHNA

Harpyska NWHERHBIE BENUYNHBI

To‘“-UMHa CHQrafﬂm NWHEAHBIE BENMYNHE!

Mapamerper Fay6una a0 rpyHoEsiX 804 =
4 Mnan =
Koopawnnathan cetka NINHERHBIE EENHYNHEL F
TpaeK‘mpuu MNA3HOEBLIX CMEI.L[EHHﬁ MA3HOEBIE KOOPANMHATBI 5
BE[YDPBI COKATHA U PACTAXKEHWA 5 EbICOTHBIE KOOPAMHATBI 3
3D eup = TEMNEpaTYpa
EAMHMLBI M3MEPEHNA M TOYHOCTE Aasnenune
Popmat AaThi U BPEMEHKN BRakHocTs
Manbie yrAoEble BENHYHHBI
4 [lononHWTENBHBIE JaHHBIE — CKO (X, Y, paccr)
Jdon A3 B, i = CKOZ —
[ MmnopT ] [ SwcnopT ] [Bommmm] [munoeuxnpoacrus] [ OK ] [ OTHEHE ] MpHMEHUTE

Bbi6op dononHumensHbIX OAHHbLIX

dKTUBHOE

pefaKTupoBaHue

06BLEKTOB: NepeMelleHIe, KONU-
poBaHue / BCTaBKa, nepemelye-

Hne

u pobasneHue

V3108
JIMHENHbIX 00BEKTOB, NpUBA3KA

K obbektam. [lobaBneHbl BCe
BO3MOXHOCTU reofe3nyeckoi
nnatopmbl N0 OTPUCOBKE CHU-
Tyauuun ons ohoOpMaEHUS CXeM
006BbEKTOB.

Mpumepsl omobpaxceHus degpopmayuli 8 3D-okHe
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Takxe ynyyweHo oTobpaxe-
Hue pedopmauuii npu pabote B
3D-okHe (puc. 5).

[lobaBneHa BO3MOXHOCTb pa-
60Tbl C cMMBONaMK, oToGpaxae-
MbIMU KUPUANULEN.

B nporpamme KPE[JO PACYET
NEGOPMALIMI cyuwecTsyeT BO3-
MOXHOCTb MOCTPOEHMA Cnepyto-
Wwmx rpauKoB:

— pasBuTMA 0CafOK BO Bpe-
MEHW C BbluMcneHuem Koadbu-
LLMEHTOB YPaBHEHUA BblOPAHHOI
JIMHWY TPEHAA U yKa3aHWeM npo-
rHO3a [BUXEHWUA MapoK Ha yKa-
3aHHOe BpeMsa; oTobpaxeHue
o6nactu CKO nuHuu TpeHaa;

— passutusa gedopmauuit BO
BPEMEHMU;

— CKOpOCTell 0CafoK;

— [BYX MEPEMEHHbIX Benu-
YMH, N3MEHAIOWMXCA BO BPEMEHU
(puc. 6);

— abCoNTHBIX 0CafoK no
ANHUKU npoduns.

Kpome TOro, nosBunach B03-
MOXHOCTb MOCTPOEHUA npodu-
N NOJKPAHOBOTO NyTn W
pgedopmauuu GalweHHOro Co-
OpyKeHus.

Ona  rpadwvKkoB ABMXKEHUA
OAMHOYHBIX MApoOK AobaBnieHbl
HoBble (YHKLWM NOCTPOEHNUS
JIMHWM TPeHAA — NoKa3aTeslbHas
U noauMHomuanbHas. [Ons nonu-
HOMMANBHON QYHKUUU KO3 K-
LMEHTbI PacCYUTLIBAKOTCA UCXOASA
M3 MaKCUMaNbHO BO3-
MOXHOW CTeneHn noau-
HOMa, KoTopas 3aBMCUT
OT 4ucna u3MepeHui
(umknos).

Ons rpadukoB ogu-
HOYHbLIX MapoK npef-

yCMOTpeHa BO3MOX-
HOCTb BblBOAA [AadHHbLIX MO
AONOJNIHUTENbHbBIM nepemMeH-

HbiM. [laHHble BbIBOAATCA B
nognpodunbHyto Tabauuy, B
KoTopoil oToGpaxaloTcsa Bce
3HaYyeHUs MO BUOUMbLIM CTONO-
Lam C ONOAHUTENbHBIMK Nepe-
MeHHbIMU U3 Tabnuubl «Habnto-
AeHNsA».

Ons OAMHOYHBIX MapoK npw
NoCTpoeHWUu rpaduka CKOpoOCTH
CMelleHus MapoK B MaaHe W Mo
BblcOTe JobaBneH pacyeT Ko3d-
tuumeHTa yMeHblleHUs CKOpo-
CTW OCafKMm.

[Ons rpacduka passutus oca-
LOK npefycMOTpeHa BO3MOX-
HOCTb BbIOOpa pa3mMepHoOCTU
BbICOTbl MM PA3HOCTU BHICOT,
TaKXe 0TKasza OT y4yeTa HyJeBOiA
0CafiKM Ha HayanbHOM LMKAe.

[lobaBneH rpaduk asyx nepe-
MeHHbIX. 1o ymonuaHuio — 310
ocafika U CKOpOCTb 0CafKH, a npu
HAMYUK BOTONHUTENbHBIX Nepe-
MeHHbIX B MPOEKTE 3TU NepeMeH-
Hble aBTOMATMYeCKW MonafaT B
CMUCOK.

Pe3ynbTaTtoM  BbIMONHEHHbIX
pa6ot B nporpamme KPE[O PAC-
YET AEGOPMALUA sasnaoTcs
pasnuyHble YepTexu, cxeMmsl, Tab-
JNLbI, BEAOMOCTH, KOTOPblE MOX-
HO 3KCmopTUpoBaTh B (hopmarax
DXF, PDF, SVG, DWG, TopoXML,
nbo pacneyaratb NPsAMO U3 Mpo-
rpamMmbl.

Mporpamma KPELO PACYET
NEGOPMALIMIA BHeceHna B Epm-
HbIi peecTp POCCUMICKUX Npo-
rpamMM Afis 3NEeKTPOHHBIX BbIYUC-
JUTENbHBIX MaWWH 1 6a3 faHHbIX
(https://reestr.minsvyaz.ru/
reestr/100385). Bce oTyeTHblE
LOKYMEHTbl COOTBETCTBYIOT Tpe-
60BaHMAM HOPMATUBHbIX NpaBoO-
BbIX aKTOB PO,

ModpobHee ¢ BoO3MOXHOCMAMU
npo2pammsl MOKHO 03HAKOMUMb-
€A Ha oguyuanrbHom
catime komnaHuu «Kpe-
o0o-uanoe», a marxe
nocmompes 8ebUHaps! U
obyqatowue  poauKu
Ha YouTube kaHane
«KPELIO ANATIOT ».

TEXHONIOTUKN
CREDO

KOMNAHUA «KPEAQO-AUANOI»
Ten (499) 961-61-02
E-mail:
market@credo-dialogue.com
www.credo-dialogue.ru



v

|

Hiper VR

www.geopribori.ru M

00O «leoge3unyeckue npubopei» - Opuunansueii gunep TOPCON ————mmmmy’
8 Cesepo-3anagHom peruoHe Poccum *——:/i




TEXHOJIOTUU

POJIb TEOAE3SUYECKUX CPEACTB
W3MEPEHUW B BIM-TEXHOJIOTUU

M.[. AnekceeB («leope3nyeckune npudopsi», CaHKT-MeTepbypr)

B 2000 r. okoH4yun CamapcKylo rocyfapcTBEHHYIO apXUTEKTYPHO-CTPOMTENbHYI0 aKafeMUio C MpUCBOEHUEM
KBaMGUKALMN MArucTp TEXHWUKW WM TEXHONOrMA MO HanpaBieHul «cTpoutenbcTBoy. C 1992 r. pabotan B
06benuHeHHoi koMnnekcHol akcneauuumn Ne 124 CpegHesonxkckoro AT, ¢ 1995 r. — B CpeaHeBosxckom ATTI.
C 2001 r. pa6otaet B 000 «leoge3nyeckue npubopbI», B HACTOsLLEE BPEMS — reHepasibHbIi AMPEKTOP.

B.U. Mensep («leogesnyeckue npubopsl», CaHkT-NeTepbypr)

B 1968 r. okoHuMn JIeHWHTPaACKMA 3N1EKTPOTEXHMYECKMA WMHCTUTYT (B HacToswee Bpema — CaHKT-
MeTepbyprckuii rocyaapCTBEHHbI 3NEKTPOTEXHUYECKUI YHUBEPCUTET) MO CMELMUANBHOCTU «TMPOCKOMUYECKUE
npu6opbl U ycTporcTBay. Mocne OKOHYaHUA MHCTUTYTA paboTan uHxeHepom B LLHWUU «Aspopax, a ¢ 1971 r. —
Bo Bcecow3Hom HWW ropHoit reomexaHukum u mapkuweigepckoro gena (BHUMW), 3aHumas pomxHoctu ot
CTapluero Hay4YHoro cOTpyAHWKa [0 3aBefytoliero nabopatopueit u masHoro metposora. C 2001 r. paboraer B
000 «leope3snyeckne npubOpbI», B HACTOAILEE BPeMA — 3aMECTUTENb FeHepanbHOro AUpekTopa. 3aBepyer
kadeppoit reonHdopMaLUOHHbIX TexHonoruii (Ha 6ase 000 «leomesmueckue npubopbl») dakynbreta
3emneycTpoicTBa M cTpouTensctea CaHKT-TeTepbyprckoro rocyaapCTBEHHOTO arpapHOro YHWUBEPCUTETA,
npocteccop. Mpenogasatens gononHuTeNbHOW 06pasoBatensHoi nporpammbl CM6 TBOY CMO «[etpoBckuii
KONEAXY.

B.N. fanaxos («TEOCTPOVM3bICKAHWNA»)

B 2007 r. oKoHYMN chaKynbTeT a3POKOCMUYECKUX CbeMOK U doTorpammerpum MUUTAuK no cneumanbHocTu
«aspodoToreogesunsy. Nocne okoHYaHUs yHUBepcuTeTa pabotaet B 000 «TEOCTPOMN3bICKAHWAY, B HacTosee
BpeMs — BefyLlMii MHKEHEP-KOHCYNBTaHT CEKTOpa NPorpamMMHoro obecneyeHus. KaHaMAAT TEXHUYECKUX HayK.

B Hactosiwee Bpems B CTpou-
TeNbHOI OTPACcAM BCe yalle peyb
WAET O BHEAPEeHUM B NPaKTUKY
TEXHOJIOTMU, MONYYUBLUIENA HaUMe-
HoBaHue BIM. A66pesuatypa
«BIM» (ot awrn. Building
Information Modeling) o603Ha-
YaeT npouecc MHPOPMALUOHHOTO
MOJENMPOBaHUA 0OBEKTOB CTPOU-
TeNbCTBA, B pesynbrate KoToporo
tdhopmupyetcs MHGOPMALMOHHAA
MOfenb 3[aHUA (COOpYHKeHMs,
o6bekTa). Mpu 3ToM Kaxpgon cTa-
AUN KW3HEHHOTO LMKNa co3pja-
BAeMOro 0ObeKTa COOTBETCTBYET
HekoTopas uudpoBas Mofenb,
KoTopas oTobpaxaeT 06bem
06paboTaHHOW Ha [AaHHbIA Mo-
MeHT MHbOopMaLumn (apxuTeKTyp-
HOM, KOHCTPYKTOPCKOM, TeXHONO-
FMYECKOW, 3KOHOMWUYeCKOWn
T. A.) 0 30aHNUU, COOPYIKEHUMN UK
o6beKTe. Moaenb MOXET 0XBaTbl-
BaTb BCe CTAAWUMU XU3HEHHOTO
UMKna 00beKTa, HauyuHas C npo-
eKTUPOBAHMA M CTPOUTENLCTBA,

3aKaH4uBas IKcnnyataumen,
PEKOHCTPYKLMEN, AEMOHTaXeM.
Korga peub nget o BIM, To nogpa-
3ymeBaeTcs Kak npouecc mo-
CTpOeHUs MHHOPMALMOHHON MO-
Lenu, TaKk U cama MofeNb, Hacbl-
WeHHas nHdopmauuei [1].

Mpn peleHnn COBPEMEHHBIX
3ajay apanTUBHOMO yNpaBieHns
HepefKo Mcnonb3ylTca WHGOp-
MaLMOHHbIE MOAENN TOro WM
WHOTO ynpaBnsieMoro 06beKTa,
obnapatlne BOZMOXKHOCTbIO W3-
MeHsATb COOCTBEHHblE NMapameTpbl
WNU CTPYKTYpPY B 3aBUCMMOCTHW OT
W3MEHEHUs mapaMeTpoB 0ObeKTa
YNPaBEHNUS UMW BHELIHWUX BO3MY-
LeHWii, oKasblBalOWNX BO3[eEN-
CTBME Ha 0ObEKT ynpasneHus. B
no6oM CNOXKHOM npolecce yn-
paBieHnsa MPOUCXOAUT B3aUMO-
AeiicTBMe  ynpasnsiouero u
ynpaensemoro o6beKTOB, KOTO-
pble COeAMHEeHbl KaHanamu nps-
MOWM U obpaTHoi cBa3u. Mo KaHa-
ny npAMOW CBA3KM nepepatoTcsa

ynpasnsilWwme curHansl, a no
KaHany o6paTHoOil CBA3UM — WH-
dopmauma o cocTosHUM ynpas-
nsemoro obbvekTa. B cuctemax
yNpaBfeHns ¢ 0OpaTHOi CBA3bIO
YNpaBAsLWMiA 0OBEKT NO NPAMO-
My KaHany ynpasieHWUs ocy-
WecTBNAET HEOOXOAUMbIE [eii-
CTBUA HafJ, 00LEKTOM yNpaBeHus,
a no KaHany ob6paTHOW CBA3M
nonyyaet WHdopmauuio o na-
pameTpax,  XapaKTepuaywlLnx
peanbHoe cocTosiHMe 06bekTa.
370 no3BonseT NOBbLICUTH TOY-
HOCTb M 3(PdeKTUBHOCTL ynpas-
NeHuns.

Tako nopxopf C NOCTPOEHMEM
uncdpoBon  MHGOPMALUOHHOM
MOLENU NPUMEHSAETCA BO MHOMUX
oTpacnfx Kak cnocob ynpasne-
HUS, HO NPUMEHUTENbHO K CTPOU-
TeNbHbIM 3afayaM OH CTaN BHef-
pATbCA CPABHUTENbHO HEAABHO W
ceilyac aKTUBHO pa3BUBAETCA.

MoaroToBKa TeX WAU WHbIX
npoektos B cpefe BIM — 3710
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COBOKYMHOCTb B3aMMOCBA3AHHbIX
NpoLeccoB No Co3AaHuio MHop-
MaLMOHHON MOAENN Ha OCHOBe
TpeboBaHMI 3aKa3unKka. TexHoNo-
TMA NPOEKTMPOBAHMA, BO3Befe-
HUA U 3Kcnnyatauuu obbekTa B
BIM paccmatpuaetca B paspese
XW3HEHHOTO UMKNa n3pfenus.

Takum ob6pasom, uUutpoBYIO
MH(POPMALMOHHYI0 MOJENb MOX-
HO onpefenuTb Kak O0OBLEKTHO-
OpWeHTMPOBaHHYI0 NapamMeTpuye-
CKyI0 TPEXMEpHYI0 MOfieNb, npef-
cTaBnswowyo B undpoBom BuAe
tu3nyeckmne, GyHKLUOHANbHbIE 1
npoyue XxapaKTepucTuku o6bekTa
(vnn ero oTAenbHbIX yacTeit) B
BMAE COBOKYMHOCTU WHPOpMa-
LLMOHHO HACbILWEHHbIX 3/IEMEHTOB
[1]. Mpu 3ToM uudposas uHdop-
maunoHHaa mogens BIM wrpaer
BaXKHYIO po/ib B MH(OPMALMOH-
HOM npouecce ynpasieHus.

[na peanusauuu nonHomac-
wrtabHoit TexHonmorum BIM u
MH(OPMALMOHHOIO yNpaBieHus
npoLeccoM CO3AaHuA TOro uau
MHOTO CNI0XHOMO 06BbEKTa Ha BCEX
3Tanax 3Toro npouecca Heobxopu-
Ma wuHpOpMaLMA O NpOCTpaH-
CTBEHHBIX [LAHHbIX, MNONYYAEMBIX C
MOMOLLbIO reofie3nyecKnx CpencTs
n3mepenunit  (CU). Pesynbratsl
reofe3nyecknx n3mepeHuit Heob-
XOAMMbl M Ha 3Tane co3faHus

nHdopmaumuoHHon mopenu (npo-
eKTUPOBAHMA), U Ha 3Tane ynpas-
NIeHUA CTPOUTENLCTBOM C UCMONb-
30BaHueM LucdpoBon Mogenu, u
npM MOHMTOpPUHIre B npoliecce
3KcnyaTtauumu obbekTa.

CM 333.1325800.2017 [2]
paccmaTpuBaeT cpeay 3apad npu-
MeHeHMs WHGHOPMALMOHHOTO MO-
LeNWpoBaHUA aHanu3 MecTono-
NoXeHus byayliero 06beKTa, reo-
Ae3nyeckue pa3buBoyHblie pabo-
Thl U reofe3nyeckunit KOHTPONb B
CTPOWUTENbCTBE, B TOM 4ucie C
NPUMEHEHUEM COBPEMEHHbIX WH-
KEHEPHO-M3bICKATENbCKNUX TEXHO-
JIOTWiA, POOOTU3UPOBAHHBIX Teo-
Ae3n4YecKnx npubopoB U CUCTEM
aBTOMATU3MPOBAHHOIO ynpasne-
HUA CTPOUTENBHON TEXHUKOMN.

CoBpemeHHble reope3nyeckue
CN nosBonstoT pewatb cnepyto-
wue 3apaun ans GyHKLMOHUPO-
BaHus BIM:

— OCYLWeCTBAATb C BbICOKOW
TOYHOCTbIO aBTOMATU3UPOBAHHbIN
cbop MaccuMBOB reofe3nyeckux
AaHHbIX;

— obecneynBaTb aBTOMaTU3N-
POBaHHbIA KOHTPONb TEOMeTpuu
ob6bekTa no MHGMOPMALMOHHOM
Mofenu.

[na peweHua ynomaHyTbIX
Bbille 3ajay KOMNaHWu, NuUau-
pytouye B 06nacTu pa3paboTku u

co3paHua reogesuyeckux CH, B
HacTosWee BpeMs npeanara-
0T pasnnyHoe obopynoBaHWe U
nporpammHo-annapatHble KOM-
nneKchbl.

B kauectBe npumepa npwuse-
Aem 060pyaoBaHME MNpOU3BOS-
crea komnaHuu TOPCON (AnoHus)
[3], B 4acTHocTH, po6oTU3MPO-
BaHHbLIN TaxeomeTp cepuun DS,
nasepHblit ckaHep GLS-2000 wu
pob6ockaHep GTL-1003, npeacTas-
nsowmii coboit pobOTU3IMPOBAH-
HbIl TAXEOMETP C UHTErpupoBaH-
HbIM KOMMAKTHbIM BbICOKOCKO-
poCTHbIM cKaHepom (puc. 1).

.

JlazepHobiii ckanep Z+F IMAGER 5016

060pydosarue komnaruu TOPCON (cnesa Hanpaso): pobomu3uposaHHelli maxeomemp cepuu DS; nazepHeilii
ckaxep GLS-2000; po6ockarep GTL-1003
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d

IP-S2

Cucmema mobunsHo20 ckanuposaHus TOPCON IP-S2

Takxe paHHoe o6opynoBaHue
MOXeT ObiTb AOMONHEHO nasep-
HbIM CKaHepoM HOBOTO MoKoJe-

Husa IMAGER 5016 npousBoncTBa
komnauuu  Z+F  (TepmaHus)
(puc. 2). A pns aBTOMaTUYeCKOro

UHgopmayuorHas modens gpacada «JledaHou
newepbi»

c6opa MaccuBa NpOCTPAHCTBEH-
HbIX A@HHbIX MPUMEHUTENbHO K
NPOTAKEHHbIM OOBEKTAM MOXET
ObITb  MCMONb30BaHA CUCTEMA
MO6UNbHOMO CKaHMpoBaHuA IP-S2
npon3soacTea komnaHun TOPCON
(puc. 3).

lMpepacTaBneHHble reogesunye-
ckue CW nossondT ocyuecTs-
nATb c60p 3HAUYUTENbHLIX MO
06beMy MacCUBOB [aHHBIX BbICO-
Koii TouHoctn. C npumeHeHuem
BbICOKOTEXHONIOTMYHOTO reofe3u-
Yeckoro 060pyLOBaHUS, TPUMEpHI

KOTOPOro NpWBEAEHbl Bbille, U
pelleHuii Ha 6a3e COBPEMEHHOTO
nporpaMmmHoro  obecneyeHus
pelaeTcs 3aja4ya MHTEPAKTUBHO-
ro KOHTpona B pamkax BIM.
KoHTponb peanusyetcs nytem
cpaBHeHUs LMdPOBOI MoAenu
06N1aKoM TOYeK, NoJy4YaeMbiM
nocne CKaHMpOBaHWA peanbHoro
obbekTa. [ns pelweHus 3agauu
aBTOMaTM3aLuuM CpaBHEHUA WC-
noNb3yloT cneyuanbHbie npo-
rpaMMHble MOAyNU, npepnarae-
Mble Kak mpoussoautensmm CH,
Tak u paspabortymkamm CAMP-
nnatopm.

PaccmoTpum npumepsl 06b-
€KTOB, NpW CO3[aHUKU KOTOPbIX
MCnonb3oBanacb  TEXHONOTUA
BIM. Ha pwuc. 4 npepctaBneHo
34aHMe OAHOro M3 00bEKTOB
napka «3apsabe», pacnofNoXeH-
Horo B MockBe, — «JlegsHas
newepa». KoHuepH «KPOCT»
NPOBOAWA CTPOUTENLCTBO 3[aHMS,
Mcnonb3ys  MHPOPMALMOHHYIO
mogens (puc. 5). B atoit mopenu
CNOXHAs apXUTEKTypHas 4acTb,
CTUNM30BaHHAA MOJ NPUPOLHbIN
NefHUK, 6bina COBMELLEHa C KOH-
CTPYKTUBHBIMU 3€MEHTaMK OC-
HOBbl. 3agaya MOCTPOEHUs Kpu-
BOJIMHENHOWN NOBEpPXHOCTU haca-
na «JlegsaHoit newepbl» Obina
peleHa ¢ nomolLblo poboTusmpo-
BaHHOro Taxeometpa TOPCON Ha
OCHOBE [aHHbIX, UMEBLINXCA B
BIM-mopenu. B kauectBe mare-
puana koHuepH «KPOCT» BbiGpan
th16pobETOH, U3 KOTOPOro C/OM
33 cnoem Gbina BbICTPOEHA KpU-
BONIMHENHAs MOBEPXHOCTb B COOT-
BETCTBUW C MPOEKTHOI [OKYMeH-
Taumen u paHHeiMm BIM-mopenu.
Ha noeepxHocTu ¢acaga 6bino
pa3meyeHo Gonee 25 ThICAY KOH-
TPONbHBIX TOYEK, MO KOTOpbIM C
noMoLWblo pPobHOTU3NPOBAHHOTO
Taxeometpa TOPCON, BbinonHsB-
Wwero M3MepeHWs No TOYKaMm B
aBTOMATUYeCKOM pexume, hakTu-
yeckaa Gopma MOBEPXHOCTH
perynspHo cpaBHMBanacb ¢ npo-
eKTHON mopenbto (puc. 6). Mpu
HaHeceHun cnoee ubpobeToHa
KOHTpOJIb ocyllecTBAsncs pobo-
TU3MPOBAHHbLIM TAXEOMETPOM, UC-
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Konmpone so38edeHus KpusonuHeliHol nosepxHocmu ¢acada

«JledaHol newepsl»

XO4A W3 AaHHBIX, NOJNyYaeMblX B
MHTEPaKTMBHOM pexume u3 BIM-
mogenu. KonuepHy «KPOCT» npu-
WNOCh AAXKe YACTUYHO NepeHecTu
3aBoj Nno npou3soacTtey hubpo-
6eToHa HEenocpeacTBEHHO Ha
cTpovnnowanky. B wutore cnox-
Hble dacagHble paboTbl yAaNoCh
3aBepWUTb B CPOK MeHee 0HOro
Mecsla, a pesynbTaT MOXeT ole-
HUTb 06O noceTuTens napka
«3apspbe» [4].

Ha puc. 7 npeactaBneHa
6aWwHsa o06lecTBeHHO-AEN0BOTO0
komnnekca «Jlaxta LleHTp» BbICO-
TON 462 M, noctpoeHHas B CaHKT-
Metepbypre B 2018 r. 3T0 camblil
ceBepHblil Hebockpeb B MUpe K
Ha oKTA6pb 2017 1. camoe BbICO-
Koe 3aanune B Poccum un Espone.
Bo3BepeHne  MOHUTOPUHT 3TOrO
rPaHAMO3HOTO 00bEKTAa TPYAHO
npeacTaBuTb 6e3 MpUMeHeHUs
MH(OPMALMOHHO! MOLENN U TEX-
HONOTMM HA3EMHOro0 N1a3epHoro
CKaHupoBaHua. HanoxeHue o06-
NaKOB TOYEK, MONyyaeMbiXx B
pe3ynbTate Na3epHOro CKaHupo-
BaHWA, Ha npoekTHylo BIM-mo-
LeNb 4ano BO3MOXHOCTb aBTOMa-
TU3MPOBATh MOUCK HEAOMYCTUMbIX
OTKJIOHEHUIA. ITO 3HAYUTENBHO
YCKOPWIIO NPOLECC KOHTPONS reo-
MeTpUYecKux NnapameTpoB bGalHu
M TNO3BONMNO 3aBeplWuTb ee
CTPOMTENbCTBO B YCTAaHOB/IEHHbIE
CPOKM.

Kak nokasbiBaeT npakTuKa,
pa3BuUTUE W BHELpeHWEe TEXHONO-

rum BIM B P® nponcxoput nocte-
neHHo. OagHako oHa o6Gnapaer
PAAOM NPEUMYLECTB: BO3MOX-
HOCTbIO CBOEBPEMEHHOrO YyCTpa-
HeHMs OWNOOK NPOEKTUPOBAHNS;
nepexofoM OT GYMaxHbIX K Lud-
POBbIM TEXHONOTUSIM; ONEpaTHB-
HbiIM 0OMeHOM WHMbOpMaLnen;
BO3MOXHOCTbIO  BM3yasn3auuu
pe3ynbTaToB  MoJeBbIX
paboT M 3a cyer 3TOrO
CYWECTBEHHbIM  yayy-
WeHMeM KOMMYHUKaLMI
MEXAY  PasUYHbIMU
yYacTKaMu  NpoeKTa;
3KOHOMMEN YenoBeye-
CKOFO  pecypca npu

Cmpoumenscmso 6awHu obujecmeeHHo-0en08020 Komnaexca «Jlaxma yeHmp» [5]

MCNONb30BAHUM  COBPEMEHHbBIX
BbICOKOTEXHOJIOTMYHBIX Te0fe3u-
yeckux CU. 3tn, a Takxe ppyrue
AOCTOMHCTBA, 6e3yCcnoBHO, MO3-
BONIAIOT FOBOPUTL O MPOrpeccuB-
HOCTW,  MEpPCNeKTUBHOCTU U
HEOOXOAMMOCTU  AanbHelilwero
BHELPEHUA LUGDPOBLIX TEXHOJO-
Tt MHDOPMALMOHHOTO MOAENU-
pOBaHWA B NMPAKTUKY MPOEKTHbIX
W CTPOUTENbHBIX PaboT.

~ Cnucok nuteparypbl

1. [IpOeKTHO-UHXWUHUPUHTOBASA
komnanus BIMLAB. — https://bim-
lab.ru.

2. CMN 333.1325800.2017 WHdop-
MaLMOHHOE MOJleNIMPOBaHIe B CTPOU-
Tenbctee. [lpaBuna cdopmmpoBaHus
MHHOPMALMOHHOI Mofenn 06bEeKTOB
Ha Pa3NIUYHBIX CTAAUAX KU3HEHHOTO
uMKna.

3. 000 «leopesunueckue npubo-
pbi». — https://geopribori.ru.

4. KonuepH «KPOCT». —
www.krost-concern.ru.

5. MHOroQyHKUWOHaNbHbIA KOM-
nnekc Jlaxta LeHtp. — www.lakh-
ta.center.

ModpobHee ¢ mexHo-
noeueli UHGHOPMAYUOH-
H020 M00enupoBaHuUs
(BIM) moxHo o03HaKo-
mumsca  Ha YouTube
kaHane  [EOCTPOM-
U3bICKAHUA.
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CObbITUA

A0 «Pockaptorpacusa» Bbl-
noJHUNO Becb 06beM reope-
3M4ecKkuMx U Kaptorpaduue-
CKux pabor 2020 .

A0  «Pockaptorpacus» u
LoyepHMe 06LecTBa BbLIMOJHUAN
BeCb 00beM reofesnyeckux u
kapTorpaduyeckux pabort, 3anna-
HWUPOBaHHbIN Ha 2020 .

leope3snyeckue pa6oTbi
BKIOYaNN NPUBA3KY HUBENWUPHOM
cetn I u II knaccos Kpbimckoro
MONYyOCTPOBA K [MABHOM BbICOTHOM
ocHoBe (MBO) Poccuu 1 obHoBnE-
Hue HusenupHoi cetn I v IT knac-
coB B (Bepanosckoit obnactu,
Pecny6nuke Komu, XaHTbli-MaH-
CMWACKOM aBTOHOMHOM OKpyre u
Ha ocTtpoBe CaxanuH. Cneuma-
nuctbl PockapTorpadmm ocyue-
CTBUIM 3aKNafKy LWeCTU HOBBIX
HUBeNNpHbIX 3HakoB [BO.

MpoBeaeHo ypaBHMBaHMUE MO-
JIUTOHOB HuBenupHoi cetn I u
IT knaccoB Ha ocTpoe CaxanuH ¢
npusaskon k [BO Poccun B
bantuitckoit cucteme BoicoT 1977
roga.

Bcero B 2020 r. 6bi11 npoBepe-
Hbl paboTbl MO HUBENUPHbLIM IUHN-
am I u I knacca Ha y4acTKax 06-
e npoTaxeHHocTblo 702,4 KM.
Takum obpasom, ¢ 2012 r. (korga
6b110 obpaszosaHo AO «PockapTo-
rpacdus») ocylecTBaeHbl paboTbl
no OnNTMMM3aLWU W MOAEpHU3a-
UMK HUBenupHbIX auHuin I un II
knacca BO Poccum npotaxet-
HOCTblo Bonee 14 ThiC. KM.

OpHoit n3 KntoyeBbIX 3afaY reo-
Ae3nyeckux pabot B 2020 r. cTano
co3[jaHuNe Tpex HOBbIX MYHKTOB
(hyHOaMeHTaNbHOW  acTPOHOMO-
reopesnyeckoit cetn (®AIC) B
pamkax peanusaumu OUMN «Mop-
LepxaHue, pa3BuT1e U UCNonb3o-
BaHue cuctembl [JIOHACC Ha
2012-2020 ropfbl» B ropopax
Konnaweso (Tomckas o6nactb) u
Py6uoscke (AnTaiickuii kpait) u B
cene umeHu Monunbl OcuneHko
(Xabaposckuit kpait).

Kpome Toro, cneyuanucrsl
aKUMOHepHoro obuiecTsa B pam-

Kax pa3BWUTUA rOCYAAPCTBEHHOIA
reofie3n4eckon Cetu Ha TeppuTo-
pun Poccum nposenu paboTbl no
co3paHui  (GparmMeHToB CeTy,
coctosilmx 13 10 NyHKTOB BbICO-
KOTOYHOW reofe3nyeckon cetu
(BIC) 1 257 nyHKTOB CNYTHMKOBOIA
reogesnyeckoin cetm 1 knacca
(CrC-1). Npm 3Tom GbinK 3anoxe-
Hbl LIECTb HOBbIX NYHKTOB — TP B
Pecny6nuke Komu, aa B ToMCKoii
obnactu #  oAaMH B XaHTbI-
MaHcMCKOM aBTOHOMHOM OKpYy-
re. Take nyHkTol BIC Gbian cos-
MeleHbl ¢ (yHAAMEHTaNbHbIMU
penepamu B Pecnybnuke [are-
ctaH, KpacHospckom kpae u Tom-
ckoi obnactu. MposegeHo obcne-
LOBaHWe U  BOCCTAHOBJeHWE
BHELWHero oopMIEHUA MNYHKTOB
rocynapCcTBeHHON reoge3nyeckon
cetu (ITC) npownblx NeT U NYHK-
ToB [TC, HaxoaAwWwMmMXca no rpaHuye
WAW MapLpyTy NpoBefeHns paboT
Kaxporo dparmeHTa cetu B
Pecnybnuke Komu, CapatoBckoii
ob6nactu, Antaiickom kpae, Hoso-
cubupckoit  obnact, Omckoit
obnactu, Pecny6nuke [arectaH,
KpacHospckom kpae, Tomckoi
obnactm u XaHTbi-MaHcuiickom
AaBTOHOMHOM OKpyre.

Cneuymanuctsl  PockapTorpa-
bun TaKkke BbINONHMAKU PabOTHI
no NofAepXaHUIo B METPONOTMYe-
CKOJ FOTOBHOCTU TPeX 3TaNlOHHbIX
TECTOBbIX y4yacTkoB — «[laTu-
ropck», «Camapay, «<KpacHosapck».

Mo cpaBHenuto ¢ 2012 r. Ha
2020 r. Ha TeppuTopuu PO Konm-
yectBo nyHkToB DAIC yBenuum-
N0Cb Ha 29 1 cocTaBnAeT 73 NyHK-
Ta, nyHkToB BIC Ha 64 u cocTas-
nset 376 nyHktos, nyHkToB CIC-1
Ha 1649 u coctaBnaet 5644 nyHk-
Ta.

Kaprorpaduueckue pa6otbi
BKJtoYanu o6GHOBNEHUEe uUutpo-
BbIX HABUTALMOHHbLIX KapT Mac-
wtabos 1:25 000, 1:50 000,
1:100 000 Ha TeppuTOpuAx 43
cybvekToB PO. [ina peanusauuu
NOCTaBNEHHBIX 334ay Obia BbINON-
HEeH KoMniekc paboT no obHoBe-
HUI0 FOCYAAPCTBEHHbIX LUDPOBLIX

Tonorpaduyeckux KapT, co3pa-
HUWI0 TOCYAAPCTBEHHbIX LUDPOBLIX
TonorpauyecKknx KapT OTKPbITO-
ro nofb30BaHUs U OOHOBAEHUID
rocyfapCTBEHHbIX OTKPbITbIX LU-
POBbIX HAaBUTALUOHHbLIX KapT C
“Cnonb3oBaHWeM NpOCTPAHCTBEH-
HbIX AaHHbIX ((enepanbHbix, Be-
LOMCTBEHHbIX, PervoHabHbiX), a
TaKXXe CBefeHUN eaUHON 3NeK-
TPOHHOW KapTorpacumyeckoin oc-
Hosbl (E3KO), co3paBaemoit B
paMKax peanu3auuyu HalLWUOHaNb-
Horo npoekta «Lndposas akoHo-
MUKa», MaTepManoB AUCTAHLMOH-
HOr0 30HAMPOBaHWS 3emnan uau
a3POCHEMKM.

Kpome Toro, B 2020 r. npose-
AeHbl paboTbl N0 co3paHuio Lud-
POBbIX FOCY8APCTBEHHbLIX TOMO-
rpaduyeckux nnaHoB Macwraba
1:2000 Ha TeppuTOPUM rOpOLOB M
LMGPOBbLIX rOCYRAPCTBEHHBIX TO-
norpacmyeckmux niaHoB OTKPbITO-
ro Nofb30BaHWA ANA BKIOYEHUA B
coctaB EIKO. PaboTbl BbINOHEHBI
no TEppUTOPUAM Cleaylux
ropofoB: AHapbipb, BnagneocTok,
MaragaH, [MeTtponaBnoBck-Kam-
yatckuit, Akytck, Xurynesck, Ku-
Henb, [loxBucTHeBo, Cbi3paHs,
Tonbatti, HoBokyibbiwesck, Hed-
Teropck, OkTabpbck, OTpapHbIid,
Yanaesck.

Co3paHbl  uudpoBble rocy-
LapCTBeHHble Tonorpaduyeckue
nnaHbl ropogos Maciutaba 1:2000,
uMdpoBble rocynapCcTBEHHbIE TO-
norpacuyeckne nnaHbl OTKPbITO-
ro Nojb30BaHWUA W rOCYAapCTBEH-
Hble LMdpOBble HaBUraLMOHHbIE
NAaHbl FOPOAOB OTKPLITOrO MNOJb-
3oBaHua Bonrorpapa, Hosocu-
6upcka, PoctoBa-Ha-[loHy, Ca-
Mapbl 1 Ydbl. PaboTel npoBoau-
NCb B pamKkax peanusauuu OLN
«MNopnepxaHue, pa3sutne U Uc-
nonb3oBanue cuctembl JTOHACC
Ha 2012-2020 roabl».

Ewe opgHMm npoektom, peanu-
30BaHHbIM B 2020 r., cTano co3aa-
HWe rocymapCTBEHHbIX LNUDPOBLIX
Tonorpacmyeckux KapT u uudpo-
BbIX TOmorpatuyecknx KapT OT-
KpbITOro nofib30oBaHuUs MacwTtaba
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1:25 000 Pecny6nuk bawkopTo-
ctaH u Kapenus, KpacHospckoro
kpas, bpsaHckon, Bnagmumupckoi,
Kanyxckoit, Jiuneukoit, OpeH-
Oyprckoit, OpnoscKoii, PsizaHckoim
u Tynbckoii obnacrei.
Mo undopmauun
AO «Pockaprorpacus»

~ JKCNepuMMeHTaNIbHbIA NPOEKT
FbY «Mocropreotpect» oT-
MeyeH npemuei Mexpay-
HapopHoro KoHkypca YII
2020

IBY «MocropreoTtpect» npeg-
CTaBuA Ha MexpayHapoaHblii KOH-
Kypc «lop B uUHdpacTpykType
2020» (YII 2020) npoekT reono-
ruyeckoir 3D-mogenu yuyacTka
cTpouTenbcTBa Py6neBo-ApxaH-
renbCKom NMHUKM MOCKOBCKOro
meTpononuTeHa. Ha Bcex 3Ttanax
NAaHMPOBAHUA U MPOEKTUPOBA-
HMA 3TOro0 NpOeKTa MCMoNb30Ba-
nucb BIM-cucrembl n 3D-TexHono-
T, a cama mojenb paspaboTaHa
B Lesisix 06ecnevyeHns 6e3onacHo-
CTU CYLLECTBYIOLMUX 3aCTPOEHHbIX

TEeppuUTOpUil.
B 2020 r. B KOHKypCe, KOTOPbIN
€XerogHo npoBOAUTCA Cpeau

nosnb3oBarteneil NPOAYKUUN KOM-
naHuu Bentley Systems B o6nactu
MPOeKTUPOBaHMA, CTPOUTENbCTBA
M 3Kcnyatauum MHbpacTpyKTy-
pbl, y4actsoBanu Gonee 400
HOMUHAHTOB, NPEeACTaBAABLUX
330 opravusauuii u3 Gonee
60 ctpaH. lobegutenn KoHKyp-
ca 6biiM 00bABNEHbl B pamKax
TpaguumoHHoit  KoHdepeHuum

Bentley, koTopas B 3Tom roay
npowna ¢ 20 no 21 okTaA6ps Auc-
TaHLMOHHO.

He3aBucumoe xiopu KOHKypca
YII 2020, B cocTaB KOTOPOTO BXO-
QWU 3KCNepTbl M3 PasUYHbIX
oTpacneii, Boibpano 57 duHanu-
CTOB W OTMETUNO pAA Haubonee
WHTEPECHbIX MPOEKTOB Chneuu-
anbHbiMM npudamu. Cpeanm Hux
GblN MPOEKT, pa3paboTaHHbIN KO-
maHgon FbY «Mocropreotpect» B
coCTaBe: 3aMecTuUTeNb ynpasnsio-
wero H. JlecHUKoB, raBHbIN WH-
JKeHep OTfeNa MHXEeHepHO-reono-
rmyecknx usbickanun A. [lert-
PEHKO, HauanbHUK cekTopa Luud-
poBoro mogenupoBaHua A. Konbl-
TOB M HayaNbHUK rpynnbl paspa-
60TKM no reonorun P. Xuakos.

Harpagy Ynpasnstwowemy [BY
«MocropreoTpect» A. CepoBy u
KOMaHze pa3paboTYMKOB BpYYUI
reHepanbHblii gupekTop Bentley
Systems B Poccun n CHI 0. Xap-
YEeHKO.

MHdopmauna o npoekte reo-
norunyeckoin 3D-mopenn yuyacTka
cTpoutensctea Py6neso-ApxaH-
renbCKon nuHum MockoBCKoro
meTponoauTeHa Gyaer onybnuko-
BaHa B exXerogHom c6opHUKe
Bentley «lop B UHdpacTpyKTypey,
KOTOpbIA paccbinaeTca B neyar-
HOM U LM(POBOM BUAE NpeacTa-
Butenam CMW, npaBuTenbCcTBeH-
HbIM OpraHW3auMaM U KNIOYEBbIM
opraHusauuam oTtpachu uHdbpa-
CTPYKTYpbl N0 BCEMY MUPY.

Mo uncopmauun
I'bY «MocropreoTtpect»

T

-~ Wtorm npousBoAcCTBeHHOM
npaktuku ctyaeHToB MKIuK B
2020r.

B 2020 r. cnoxunacb KpainHe
CNIOXHAs CUTYaLUs C Mpoxoxne-
HUEM NPOU3BOACTBEHHO NPaKTK-
Kn cTyneHTamn MockoBcKoro Kon-
nepxa reofesnn u Kaptorpacum
(MKIuK), cBsizaHHas ¢ anugemuo-
NOTMYECKUMU MePONpUATUAMK NO
HeAONYLEHNIO PaCNpOCTPaHEHUS
KOPOHaBUPYCHOA nHbeKLnm.
MHorve opraHu3saluu oTkasanuce
OpaTb Ha NPOWU3BOACTBEHHYIO
NPaKTUKY CTYLEHTOB, apryMeHTu-
pys 370 3a60TOM 06 UX 3[0pOBbeE.
Ho, 6narofaps noanepike KapTo-
rpacdo-reofesnyeckonn obuiect-
BEHHOCTU U pojuTenei CTyneH-
TOB, 3TW TPYAHOCTU yAanoch npe-
ojonetb, U NpPOWU3BOACTBEHHAsA
NpaKTUKa cocToANach.

TpaguunonHo B MKIvK no uto-
ram npoW3BOACTBEHHON MPAKTUKK
opraHusyetcs TexHuyeckas KOH-
thepeHuuns. B aTom rogy oHa npo-
Wwna AUCTaHLUOHHO, B PEXMME OH-
nanH. OTkpbiBas KoHdepeHuuio
E.B. Jly3uH, 3amecTutenb gupekTo-
pa MKIuK no y4yebHo-nponssoa-
CTBEHHOII paboTe, NOfpo6HO ocTa-
HOBUACA Ha nNpobnemax, KoTopble
CONMPOBOXAANW NPAKTUKY, U HEKO-
TOPbIX UTOrax ee NPOBELEHNUSA.

B 2020 r. npon3BOACTBEHHYIO
NpaKkTUKy npownu 182 cTyfeHTa,
U3 HUxX 71 cTyneHT no cneum-
anbHOCTU «NpUKNajgHasa reope-
3usy» (MIC) B TedeHue 15 Hepens,
26 — no cneunanbHOCTKU «a3po-
toToreogesua» (AIC) B TeyeHue
16 Hepenb, 40 — no cneuunanbHo-
ctn «kaptorpacusa» (KC) B Teve-
Hue 13 Hepenb U 45 — no cneuu-
aNlbHOCTU  «3eMeJIbHO-UMylle-
CTBEHHble OTHOWEHUA» B TeYeHUe
3-4 Hepenb.

Hanbonbwee yncno mect us 50
OpraHu3auui, B KOTOpbIX CTyAEH-
Thl MPOXOAMNU NPAKTUKY, Npeno-
ctaBunu: cunman OreY «oKM
Pocpeectpa» no MocKkoBcKoii
obnactn (56), IbY «ABTOMOGMAL-
Hble goporuy» (14), 3A0 «[ouep-
Hue npegnpuatua N 2» A0 «Moc-
runpotpaHcy (12), TBY «Mocrop-
reotpect» (7), 3A0 «bepecBek»
(7), 000 «3emnemepb» (7),



HOBOCTH

Tonorpacduyeckas cayxba BC PO
(7), TBY «MocropbTW» (7), ®TBY
«LlenTp reogesuun, kaptorpacmm u
MHGPACTPYKTYPbl NPOCTPAHCTBEH-
HbIX faHHbIx» (4), AO «M3patenb-
ctBo MNpocaewerusy (3), A0 «Poc-
kaptorpacus» (2).

06beKTbl, Ha KOTOpbIX paboTa-
NN CTYAEHTHI, pacnonaraanch He
Tonbko B Mockse n MocKoBcKoM
0671aCTH, HO M B ApYruX ropojax u
pernoHax Poccuun: CaHkt-leTep-
6ypr, ApxaHrenbck, bpsHck,
WxeBck (Pecnybnuka Yomyptus),
Canagar (Pecnybnuka bawkupus),
Maturopck  (CraBpononbckuii
kpa#), bepesHukn (IMepmckuii
kpait), YHeuya (Huxeropopckas
o6nactb), Opoes (Tynbckas 06-
nactb), MpoxnagHelit (Pecnybnnka
KabappuHo-bankapus), Pecny6-
nvnka Murywetua v ap.

Mpon3BOACTBEHHAA NpaKTuUKa
npowna AOCTaTOMHO YCREeWHo no
BCEM CMeLManbHOCTAM: OLeHKY
«OTNMYHO» nonyunnn 71% cry-
DeHTOB, a «xopowo» — 26%.

B aTom rogy npu nposeneHuu
yyebHoM NpOU3BOLCTBEHHON
NPaKTUKU HaMmMeTUnacb TEH[EH-
uns. HekoTopble CTyAeHTb W3b-
ABUNU KenaHue paboTaTh Ha
LOMKHOCTAX, He COBMajamlnx ¢
UX CNeLuanbHOCTbIO, N0 KOTOPO#
OHM npoxogunu obyyenue. Tak,
Hanpumep, CTYAEHTbl MO cre-
LManbHOCTK «KapTorpagus»
NposABUIAN 3aUHTEPECOBAHHOCTb
NPOWTU NPAKTUKY Ha [OMKHOCTAX
reofesncToB B TaKWxX OpraHu3a-
umsx, kak BY «ABTOMOOWIIbHbIE
poporu» u [BY «Mocropreo-
TpecT». B cBoto oyepepnp, CTynEH-
Tbl N0 CMeLManbHOCTU NPUKNaA-
Has reoje3us», NPOXOAMBLIKE
NPOW3BOACTBEHHYIO MPAKTUKY B
OTBY «lleHTp reogesnu, kapto-
rpaun U MHPPaACTPYKTypbl NMpo-
CTPAHCTBEHHbIX [AHHbIX», BbINON-
HANM KapTorpatuyeckue paboThbl.
Ounnan OreY «®KMN Pocpeectpa»
no MocKoBCKoi1 obnactut B CBA3U
C co3aaHuem otgena o6paboTku
reonpocTpaHCTBEHHON MHpOopMa-
LMW NpefocTaBua MecTa s npo-
XOXAEHUA NPaKTUKM CTyAeHTaMm
no cneunanbHoCcT «aspodoTo-
reofesnsy, KOTopble 3aHUMaNUCh
aKTyanusauuein faHHbIX
My6nuyHoit KapacTpo-
BOW KapTbl.

[Nanee ¢ otyetamn B
BWAE Npe3eHTaLMOHHBIX
LOKNAfloB  BbICTYNUAN
CTYLEHTBl W pacckasanu

00 OpraHu3auusx, B KOTOPbIX OHM
Npoxoauau NpoU3BOACTBEHHYIO
MPaKTUKY, W BbIMOJHEHHBIX UMY
pabortax.

benorpynos Wean (MNIC-41)
npoxogun npaktuky B 000
«3emnemepby; TenwaHy [laHnanb
(NTC-41) — 8 000 «Apm-Crpoit»;
Knoukosa AHactacus (MMC-42) —
B 000 MK «lopCneulpoekT»; Me-
Tenes Auppeit (MIC-3) — B OrbY
«locymapcTBeHHbI OKeaHoOrpa-
(UYECKUIt  UHCTUTYT  UMEHM
H.H. 3y6oBa»; MepBepeBa Kce-
Hus (AIC-41) — B 000 HIMK «[Ixu
Mfn 3c Kom»; CemeHoB Hukuta
(ArC-41) — B 000 «®uHKO»
(WxeBck); LWespbirnHa AnuHa u
luxaHoBa AHacTacus (KC-41) —
B AO «W3patenbctBo [pocselye-
Huax»; lNatpawky Bnapucnas
(KC-41) — B TBY «ABTOMOOUNB-
Hble goporu» u lopbatoB PomaH
(KC-3) — B AO «PockapTorpadus».

C oueHKoit paboTbl CTyReHTOB
Ha npakTuke Boictynuau: H.E. Ly-
MOBa, YJleH NoNeyYnTeNbCKOro co-
Beta MKIMuK, HavanbHuK oTtgena
kagpos ¢unuana OIBY «®KI
Pocpeectpa» no MocKkoBcKoii
o6nactu, u M.B. BbloHOB, pyKOBO-
auTens otaena obpabotkn 000
HMK «xu Mu 3¢ Kom».

Wtorn koHdepeHuun nopsen
IJI. Xunkuc, pupektop MKTuK,
KOTOpbI nmobGnarofapun CTyaeH-
TOB 32 XOPOLWO MOATOTOBNEHHbIE
npeseHTauuu u BoicTynnenuns. OH
TaKXe BblCKa3an COXaneHue, 4to
B pabote KoHdepeHUMM Kpome
BbICTYMaloW KX, Npenogasatenen u
NPUMALEHHbIX ObINO Mano CTy-
AEHTOB, KOTOpbIM B ClejyloLiem
rogy npepscTtouT NpoxXofuTh Mpo-
W3BOACTBEHHYIO MPaKTUKY, U
nopekoMeHf0Ban npenojasare-
NAM, CBA3aHHbIM C HanpaefeHUs-
MU, NMPeACTaBNEHHbIMU B [OKNa-
AaX, UCNOJb30BaTh UX NPU NpoBe-
AeHuu yyebHoro npouecca.

Moppo6Hee c BMAEO3ANUCHIO
KOHthepeHuun u npe-
3€eHTALMOHHBIMU AOKNa-
LaMU CTYAEHTOB MOXHO
MO3HAaKOMUTLCA Ha
caiite MKIuK.

Mo undopmaumun
MKIMuK



)BOrO NOKONIEHWUS HECNUAOTHBIX
B ANns aspodoTocbemMkn ot Geoscan,
coueTaroLmi B cebe BbICOKYH NPOU3BOAUTENBHOCTb
N Ka4yecTBo, NO3BONAKOLIMIA 4OCTUIaTb NMIAHOBYH TOYHOCTb
boTorpammeTpuyeckon Mogenn 5 cm ,

r -1 [naHoBas TOUYHOCTL g---4 1,5 kmM? 3a nonet
- boTorpaMmeTpruyeckon : 40 Bpenanases : ! CpaspelieHuem
7] P P * 80 40 munyT LT PHCH

Mogennm — 5 cm 3 cM/nuKc.

@ Kamepa 20,1 MP 3 MpoTaXkeHHOCTb l i Bl
c APS-C matpuuen mapwpyTa a0 30 km —

GEOSCAN

+7 812 363-33-87
info@geoscan.aero
WWW.geoscan.aero

CneuuwansHoe NpeanoxeHve Ans yutatenei
XypHana: coobwuTte KogoBOE CNOBO
«leonpodu» B 3asBKe Ha HalLEM caiTe

WJIN MPY 3BOHKE Mo TenepoHy.

MpegnoxeHwne geicteyer go 31.12.2020 r.
He seasetca nyBandyHol odeproi.




TEXHOJIOTHH

0 BO3SMOXHOCTU OBECNEYEHUA
MATEPUAJIAMU A®C C BBC,
NMPUTOAHLIMU ANA NPOBEQEHUA
KALACTPOBbIX PABOT HA 3EMAIAX

HACEJIEHHbIX MYHKTOB

C.A. KapHnuaHckuii («leockaH»)

B 1973 r. okoHuyun aspocotoreopesmyeckuit dakyneter MUUTAMK no cneumanbHOCTU «UHXKeHep-
aspodoToreofe3ncT». Nocne okOHYaHUsA MHCTUTYTA paboTan B focueHTpe «Mpupogay, c 1979 r. — B LULHUUTAKK,

€ 1993 r. — B PocHUL, «3emnsy», LieHtpe «JTAPUC», c 2002 r. — B ®IYN «loczemkagactpcbemka» — BUCXATH,
¢ 2005 r. — B KomnaHuu «leokocmocy, 3atem — B HI AT «Mepuguan+» u ®IYM «focHUWN aBuaumoHHbIX
cuctemy, ¢ 2015 r. — B ®I'BY «LlenTp reopesuu, kaptorpacdum n UMx». C 2018 r. pa6oTaet B 000 «feockaHy,
B HACTOALlEee BpEMA — 3aMeCTUTENb FeHepanbHOro AMpekTopa no aspodotoreofe3nn. KaHamaar TeXHUYecKnx
HayK.

A3apodoToTonorpaduyeckas
CbeMKa HACEeNEeHHbIX MYHKTOB B
HacToslee BpeMs ABNAETCS aKTy-
anbHou 3agaveit. OHa BbINONHAET-
€A KaK B pamkax co3faHusa EIKO,
TaK M NO MHMLMATMBE OpraHoB
UCMOIHUTENBHOI BNacTu cyoObek-
ToB P®. Kak npasuno, pesynbra-
ToM a3podoToTonorpatmyeckom
CbeMKM ABNAKTCA opTodoTonna-
Hbl U OPUEHTUPOBAHHbIE a3podo-
TOCHUMKM, KOTOpble MOXHO MC-
nonb30BaTb A CO34aHWUA ToMo-
rpaduyeckoro nnaHa, pns onpe-
LefleHUs KOOPANHAT TOYeK rpaHuy,
U KOHTYPOB OOBLEKTOB HE[BUXM-
MOCTW (DOTOrpaMMeTpUYECKUM Me-

TOAOM, @ TaKXe Afs Co3[aHus
TPEXMEpHBIX MOAEeNeid MecTHOCTH
U OTAENbHbIX 0ObEKTOB.

YyutbiBas  cneuuduyeckue
0C06EHHOCTM a3podOTOCHEMKH
(ADC) oTmenbHbIX HaCeNeHHbIX
nyHKTOB cyObekTa ®epepauuu,
roe cymMmapHas naowanb Teppu-
TOpUii 06LEKTOB CbEMKM BeCbMa
Mana no CpaBHEHMIO C MAOWALbIO
Bcero cybwvekta ®Pegepauuu, HoO
3T 06bEKTHI pa3bpocaHbl No Bcel
€ro TEppUTOpMM, 3aTpaTbl B CTOU-
MOCTHOM BbIPaXEHUW U BPEMEHMU,
OTHECEHHbIE K eiMHULE NoLaaH,
MOTYT O0Ka3aTbCs OYEeHb cylie-
CTBEHHbIMU.

XapaKkrepucTuku cy6bekta PO ¢ BbICOKOIA

MJIOTHOCTbIO HaceJieHUA (MOCKOBCKaﬂ

o6nacrb)

HanmeHoBaHMe xapaKTepuUCTUKK
06was niowaab, Km?

Konunuecrtso roposos

CpepHsas naowazab roposa, Km?
061was niowasb ropofo., KM?
Konuyectso cenbckux HIM

CpepHas nnowaab cenbckoro HI, km?

06was niowaab cenbckux HIM, km?

Ta6bnuua 1

3HayeHue
44 300

77

19

1400
5793

0,7

4050

PaccmoTpum pelweHve 3apauu
CO3faHMA OpTO(OTONNAHOB Hace-
neHHbIX nyHkToB (HM) cy6bekTa
P® ¢ BbICOKOI# NNOTHOCTbIO Hace-
NeHns Ha npumepe MoCKOBCKO
o6nactu. OCHOBHble xapaKTepw-
CTWUKW, BAUAKOLWME HA 3aTpaThl Mo
a3pooTOChEMKE  HaCeNeHHbIX
NYHKTOB Takoro cybvekta Oepe-
pauuu, npuBefeHs! B Tabn. 1.

Kak BMAHO U3 NpUBEAEHHBIX B
Tabn. 1 3HaYEHUl XapaKTEPUCTUK,
cneuncdmnyeckoir 0C06eHHOCTbIO
cy6bekTa QPenepauun spnsetcs
3HaYMTeNbHOE KONMYECTBO He-
OONbWMX NO NAOWAAN CENbCKUX
HIM. Ecnu nocTaeuTb 3agady obne-
TeTb NMOC/NEA0BATENbHO BCE Hace-
JIeHHble NYHKTbl U BBIMOJNHUTD
a3pohOTOCHEMKY KAXAOM0 U3 HUX
WHOMBUAYANbHO C NMUAOTUPYEMbIX
BO3aylWHbIX cynos (BC) ¢ Homu-
HaNbHbIM MPOCTPAHCTBEHHBIM pas-
pewenunem (HMP) 20 cm, notpe-
OyloTCA OrpoMHble 3aTpaTbl, Kak
3TO BMAHO M3 pe3ynbTaToB pac-
yeTa, NpefCcTaBieHHbIX B Tabn. 2.
[na pacyetoB MpuMHMManoCh, YTO
A®C BbinonHsetcs wupokodop-
MaTHOI Tonorpaduyeckon aspo-
totokamepoit (APK) c pasmepom
MaTpuLbl BbIXOLHOTO a3poctoTo-
CHUMKA 240 Mnukceneir. 3gech u



TEXHOJIOTUU

OueHka 3arpar Ha A®C u co3paHue optochoTonnaHoB cenbckux HI

¢ nunotupyembix BC c HIMP 20 cm

Tabnuua 2

3atpartbl BpemeHu Ha AQC opHoro cenbckoro HI, vac

Jlerkun camonert +
A®K 240 Mn

0,12

Konnuecteo cenbckux HIM B peHb npu A®C ogHum camonetom 40

Konnuectso gHeit Ha ADC Bcex cenbckux HIM
KonnuectBo kaneHpapHbix gHeit Ha AQC Bcex cenbckux HI
3arpatsl Ha Becb 06beM paboT, ThiC. yci. pyo.

144
577
67 400

AH30 +
A®K 240 Mn

0,11
52

112
448

52 300

OueHKa 3aTpar Ha cnnowHylo ADC Tepputopuu cy6bekta PO
¢ nunotupyembix BC c HIMP 14 cm

Ta6bnuua 3

Konunuectso gHeit Ha AGC
KonuyectBo KaneHpapHbIX aHEN

Bcero 3atpar, Thic. yci. py6.

Jlerkun camonert +
A®K 240 Mn

42
172
27 400

AH30 +
A®K 240 Mn

19
80
36 000

Mpumeyarue. CpepHee 3HayeHne 3atpar ans Asyx Tunos BC coctasnser 31 700 Toic. ycn. pyob. /
126 KaneHpapHbIX gHeN.

panee 3atpatbl NMPUBOAATCA B
YCNOBHbIX pybnax (ycn. py6.), no-
CKOJIbKY B HUX He BKJIOYEHbI CO-
CTaBifWMe, He 3aBucAlue OT
obbema paboT: nepener uan ne-
peesfn oT MecTa MOCTOSHHOrO 6a-
3MPOBAHWSA, MOLTOTOBUTENbHbIE Pa-
60Tbl, NOArOTOBKA OTYETHOI JOKY-
MeHTalLMK, a TaKxKe 3aTpathl Ha
reofiesnyeckue paboTbl No passu-
TWIO CbEMOYHOTO 060CHOBAHMS.

AnbTepHaTUBOI TaKOMy pelue-
HUIO ABNAETCA CnOWHas (BKto-
yas ropopa) A®C Tepputopum
cybvekta ®Pepepauun c  HMP
14 cm. B 3TOM cnyyae oueHuBae-
Mble 3aTpaTbl MOAYYAKTCA Cylle-
CTBEHHO MeHblle, KaK BUAHO W3
Tabn. 3.

OueHum 3aTpaTbl BpeEMEHM Ha
A®C cenbckux HI ¢ ucnonb3osa-
HMEM HeKOTOpbiX TUNoB bGecnu-
NOTHbIX BO3AyWHbix cynos (BBC),
npegnaraembix K «leockaHy», u
aspochoToKamepamu ¢ pasmepamm
matpuubl oT 20 Mnukcenei po
42 Mnukcenen, HO C HOMMUHab-
HbIM MPOCTPAHCTBEHHbIM pa3pe-
weHnem 6 cMm. Matepuanbl Takoi
a3p0odOTOCLEMKN MOTYT YBEPEHHO
MCMONb30BaThCA [N onpefene-

HUA  KOOpAMHAT XapaKTepHbiX
TOYEK rpaHuL, 3eMeNbHbIX y4acT-
KOB M KOOpAMHAT XapaKTepHbIX
TOYeK KOHTYPOB 0OBEKTOB HefBU-
XUMOCTU (3JaHMA, COOpYKeHUs
MAM  0OBEKT He3aBeplIeHHOro
CTPOUTENbCTBA) Ha 3eMNIAX Hace-
NIeHHbIX NYHKTOB (hOTOrpaMMeTpu-
YECKMM METOLOM CO CpefHei
KBaAPaTMYECKOW MOrpewHoCTbio
(CKM) He 6onee 10 cM, Kak 3TO
yctaHoBneHo lpukasom MuH3ko-
Hompassutua Poccum N2 90 ot
01.03.2016 r. [1].

Mpu 3Tom GymeM UCXoaUTb U3
Toro, 4yto A®C MOXeT BbINONHATB-
cs nop obnakamu, ogHa bpuraga
MOXET OHOBPEMEHHO 3KCMyaT-
poBaTtb 4 u 6onee bBC, a konuye-
cTBO 6pUrag Moxer gocturats 20.
B T1abn. 4 npusegeHbl pacyerts
3aTpaT BpeMeHU B KaleHAapHbIX
OHAX ana Takoi A®C, oTkyaa
BMAHO, 4TO paboTbl MOryT 6biTh
BbINOJHEHbl 33 32 KaleHAApHbIX
LHS, YTO CyWeCTBEHHO ObicTpee,
yem npu cnnowHoi A®C Tepputo-
pumn cybrvekta ®Pegepauuu wupo-
KoopMaTHON a3pocdhoToKamMepoii
¢ nunotupyembix BC ¢ HIMP 14 cm.
B cToMmMoCTHOM BblpaxeHun 3at-

patbl Ha A®C cenbckux HI ¢ wuc-
nosnb3oBaHuem bBC Gemini u co3-
paHve opTodoToniaHa oLeHWBa-
totcs B 23 500 ThiC. yci. pyo.

OueHka 3aTpaT BpeMeHW Ha
BbINOSIHEHME  a3p0hOTOCHLEMKMU
FOPOACKUX TEPPUTOPMIA C NCMONb-
30BaHueM pasnuyHbix BBC n ADK
npefcTaBneHa B Tabn. 5, oTkyaa
BUAHO, 4TO Haubonee 3dekTnB-
HO a3podOTOCLEMKA MOXET ObiTb
BbIMOJHEHA C WCMONb30BaHU-
em BBC TleockaH 201 c A®K
42 Mnukcens cunamu ofiHoi 6pu-
rafbl, 3Kcnayatupylouwen Bcero
OAHO 6ecnunoTHoe BO3[YyWHOE
cyaHo. B ctoumoctHOM Bbipaxe-
Huu 3atpatbl Ha A®C ropopa ¢
ucnonbzosaHuem bBBC TeockaH
201 c ADK 42 Mnukcens v co3pa-
Hue opTooTOnNaHa OLEHUBAIOT-
csi B 5600 ThiC. yci1. py6.

B 1abn. 6 npuBeneHo cpaBHe-
HWe 3aTpaT Ha co3paHue opTodo-
TOMNAHOB BCEX HACENEHHbIX MYHK-
TOB Npu a3pohoTOCLEMKE C MUNO-
Tupyemoro BC n BBC, B cooTtseT-
CTBME C KOTOpbIM Ans cybbekTa
P® ¢ BbICOKOI NNOTHOCTbIO Hace-
JIeHUst CTOMMOCTb CO3[aHUA OpTO-
tdotonnana ¢ HMP 6 cm no mare-



TEXHOJIOTUH

OueHka 3atpar BpemeHun Ha ADC cenbckux HIM ¢ BBC ¢ HIP 6 cm

ELY TERA

3aTtpathl BpeMeH# Ha
1 cenbckuin HI,
npu A®C 1 BBC, yac

3atparbl BpeMeHM Ha
4 cenbckux HIM,
npu A®C 4 BBC, yac

May3a Mexay Bblneramu, yac

3aTtpathl BpeMeHU ¢ nay3oin
Ha A®C 4 cenbckux HI
4 BbBC, yac

3aTparbl BpeMeHu Ha
nepeesp, vac

3aTparbl BpeMeHu
C nepee3fioM, yac

Konuuectso cenbckux HI
B AeHb npu AGC 1 6puragoit
c 4 BbBC

Konuyectso aHei Ha ADC
Bcex cenbckux HIM 1 6puragoii
c 4 bBC

KonuyectBo KaneHAapHbIX
LHen Ha Bce cenbckue HI
1 6purapgoit ¢ 4 BBC

KonuyectBo KaneHaapHbIx
AHei npu A®C 10 6puragamu
¢ 4 BBC B kaxpoi

OueHKa 3arpar BpemeHun Ha A®C ropopos ¢ BBC ¢ HMP 6 cm

Gemini +
A®K 20 Mn

0,40

0,40
0,5

241

301

leockan 201 +
A®K 42 Mn

0,24

0,24
0,5

241

301

leockaH 101 +
A®K 24 Mn

0,31
0,5

241

301

leockan 201 +
A®K 24 Mn

0,31
0,5

241

301

leockan 101 +
A®K 42 Mn

0,31
0,5

241

301

Tabnuua 5

3atpatbl BpemeHu Ha AGC
1 ropopa 1 BBC, yac

3arparbl BpeMeHu Ha
nepeesg, yac

3atpaTbl BpeMeHM
C nepee3foM, yac

Konnyectso ropofos B fieHb
npu A®C 1 6puragoit ¢ 1 bBC

Konuyectso gHeit Ha AOC
77 ropogos 1 6purapoit

KonnyectBo kaneHaapHbIx
aHeit Ha A®C 77 roponoB

1 6purapoii

KonnuectBo kaneHaapHbIx
aHeit npu AGC 10 6puragamm
¢ 1 bBC B kaxpaot

Gemini +
A®K 20 Mn

leockaH 201 +
A®K 42 Mn

leockan 101 +
A®K 24 Mn

leockaH 201 +
A®K 24 Mn

leockaH 101 +
A®K 42 Mn




TEXHOJIOTUU

CpaBHeHMe 3aTpaT U NPOAOCIKUTENIbHOCTU BbinosiHeHusa ADC

¢ BBC u nunotupyemoro BC

Ta6bnuua 6

BBC,

HIMP 6 cm
3atpartbl Ha A®C cenbckux HI, Thic. ycn. pyo6. 23500
3atpatbl Ha A®C ropofioB, Thic. yci. py6. 5600
Umoao 3ampam, meic. ycn. pyé. 29 100
MpopomkutensHocts AOC cenbckux HI, kaneHaapHbIX AHeN 16
NpogomkutensHocts AOC roposioB, KaneHaapHbIX AHEN 4
Umoeo kaneHOapHbix OHell 20

Munotupyemoe BC
(cnnowxas A®C),
HMP 14 cm

31700

126

puanam A®C c BBC He npeBbicUT
cToMmocT paboT no Co3AaHuio
optodoTonnaHos ¢ HMP 14/20 cm
npu A®C ¢ nunotupyemoro BC. 3to
No3BONAET MCNOAb30BaTh MONY-
YeHHblE OpPUEHTUPOBAHHbIE a3po-
OTOCHUMKN [is onpejeneHus
KOOPAMHAT XapaKTepHbIX TOYEK
rpaHuL, 3eMefbHbIX Y4acTKOB U
KOHTYPOB 0OBHEKTOB HEABUKMMO-
cT1 HaceneHHbix nyHkToB ¢ CKII,
He npeBblwatowen 10 cm [1].
Takum 06pa3oM, AaHHble MaTepua-
Jbl MOYHO UCMOJIb30BaTh HE TOJb-
KO Kak KapTorpaduyeckyto ocHo-
BY, HO W i1 NpOBeJeHUs KajacT-
pOBbIX pabor.

Bo3moxHocTb  obecneveHus
TaKoW TOYHOCTW MOATBEPXKAAEeTCS
pesynbtatamu  MccnepoBaTesb-
CKMX U CepTUdUKALUOHHBIX UC-
MbITAHWA MPOrpamMMHO-annapar-
HbIX KOMMEKCoB a3pocoToTomno-

Pe3yanaTb| nccnepoBatesibCKux u cep'mqmuauuouublx MCNbITaHUN

rpacmyeckon cbemku [eockaH,
pe3ynbTaThl KOTOPbIX NpeacTase-
Hbl COOTBETCTBYWOLLMMU aKTaAMU W
cepTudUKaTamu, onybAUKOBaHbI B
nepuoauyeckon nedvatu [2, 3], a
OCHOBHble M3 HUX NPUBEAEHbl B
Tabn. 7.

[aHHble OLEHKM TOYHOCTM
BbINOJIHEHHbIX MPOEKTOB NO a3po-
tdoToTONorpacmyecKkon chemKe
TEPPUTOPUIA HACENEHHbIX MYHK-
TOB, NpefcTaBfeHHble B Tabn. 8,
NoOATBEPXKAAIOT  afeKBATHOCTb
OLLeHOK, MOJIyYeHHbIX B pe3ynbTa-
Te WCNbITAaHWIA, U CBUAETENb-
CTBYIOT O BbICOKOW (DaKTU4eCKu
LOCTUTHYTON TOYHOCTU KOHEYHOTO
pesynbrata. Cnefyet OTMETUTS,
YTO BO BCEX NpeACcTaBNEHHbIX
MpPOEeKTax Ha3eMHble OMOopHble
TOYKM  HE  UCMNONb30BaNMUCh.
Ono3Haku MCnonb30BaNUCh TONb-
KO KaK KOHTPOJIbHbIE TOUKMU.

nporpamMHo-annaparHbix KomnaekcoB feockaH

MpeacrasneHHble B Tabn. 6
pe3ynbTathl MOryT ObITb yAyylle-
Hbl, ecnin ¢ nomolubto BBC Bbinon-
HATb CMOWHYI a3podoTOCHEMKY
c HMP 6 cm. B Tabn. 9 npusepeHa
OLleHKa 3aTpaT Ans LAaHHOTO Bapu-
aHTa A®C, u3 yero cnepyet, yTo
HaWNyylWnin pesynsTar JaeT Ba-
puaHT ¢ wucnonb3oBaHuem BBC
leockan 201, ocHauweHHoro A®K
42 Mnukcens. Becb obbvem no-
NIYYEHHbIX  a3pO0dOTOCHUMKOB
(320 000) MoxeT 6bITb 06pabo-
TaH 3a 17-20 gHen, B pe3synsrare
yero OyayT co3paHbl opTodoTo-
NiaHbl U OPUEHTUPOBAHHBIE 33PO-
toTocHUMKK. ITO obecneynBaet-
CA BbICOKMM YPOBHEM aBTOMaTu-
3auuu npoueccoB oTorpammer-
puyeckoit 06paboTku B npo-
rpamMMHoi cpepe Agisoft
Metashape Professional n Bbico-
KON NMPOU3BOAUTENLHOCTBIO LEHT-

Tabnuua 7

Metponoruyeckas
XapaKTepucTuka /
HaumeHoBaHue BBC

CpepHsAA norpewHocTb

onpeaeneHna NJaHOBOro NOJIOXKEHUA
MapKMPOBaHHbIX KOHTPONbHBIX
TO4eK Ha opTodhoTonnaHe, M

Cpenuaﬂ KBajpaTuyeckKasa norpewwHocTb
onpeaeneHUsa NJaaHoOBOro noJjioXkeHua
HEeMapPKUPOBAHHbIX TOYEK rpaHuL 06beKToB
HeABUXUMOCTU, M

Beicota choTorpaduposanus, m Beicota coTorpacupoBaHus, m

200 400 190 350 200 400 190 350

[eockaH 101 c ADK

Sony DSC-RX1 0,057 0,078 0,076 0,097

[eockaH 201 c ADK

Sony DSC-RX1 0,048 0,078 0,066 0,080

leockaH 101 c AOK

Sony DSC-RX1RM2 0,059 0,071 0,090 0,082

Gemini ¢ AQK Sony

UMC-R10C 0,047 0,081 0,022 0,099




TEXHOJIOTUH

Pe3ynbTathbl OLEHKN TOYHOCTU BbINONAHEHHbIX MPOEKTOB
no aspocoroTonorpahuyecKoin cbemke

Ta6bnuua 8

06bEeKT CbeMKu Macwrta6 HMP,cm  CpepHAs norpewwHocTb CpeaHAs norpewHocTb
thoTorpammeTtpuyeckoin optochoTonnaHa
CeTn B NJiaHe, CM B NNaHe, CM

Bonrorpagckas obnacts,

KoTenbHWUKOBCKUI paiioH 1:2000 15 14,2 15,4

TBepckas 06nact,

bexewkuit panoH 1:1000 8 8,3 10,4

Tynbckas obnacts,

KameHckuit painoH 1:1000 10 10,5 12,6

Tynbckas obnacts,

Boropoauukuii paiioH 1:1000 8 11,7 9,0

Tynbckas obnacts,

KnpeeBckuii paiioH 1:1000 9 6,6 9,9

r. KazaHb 1:500 5 4,5 4,7

r. KanuHuurpag, 1:500 5 3,0 4,7

XaHTbl-MaHcuncknin

aBTOHOMHbIi okpyr — Hrpa,

CypryTckuit paiioH 1:500 4 2,0 33

JleHunrpaackas o6nactb,

BceBonoxckuit paiioH 1:500 4 3,0 9,2

Pecny6nuka bawkopTocTaH,

Bupckuit paioH 1:500 5 6,4 7,8

pa 06pabOoTKM [aHHbIX a3POCHEM-
ku K «leockaH».

Mpn paHHOW npou3BoAWTENb-
HocTu paboT 10 6purag, ucnosb-
3ytownx 4 BBC TeockaH 201, 3a
nofaeBON CE30H MOTYT BbIMOJAHUTD
A®C c HIMP 6 cm 8-9 cy6bekToB
PO ¢ BbICOKOI# NNOTHOCTbIO Hace-
JIEHNs ¢ obLeil nnowanblo Hace-
NEHHBIX MYHKTOB OKONMO 4000 KMm?
B Kaxpom. B pesynbrate 6Gyayt
nosyyeHbl MaTepuanbl, NPUrogHbIe
LN BbIMONHEHUA KaAaCTPOBbIX

paboT hoTOrpaMMeTpUYECKUM Me-
TOZOM Npy onpegeneHni Koopam-
HAT XapaKTEpHbIX TOYEK rpaHuL
3eMesibHbIX Y4aCTKOB U KOHTYpOB
o6bekToB Heasuxumoctu ¢ CKIM,
He npesbiwatoweit 10 cm [1]. Mpu-
yeM 3T0 noTpebyeT MeHblie 3aT-
paT, yem co3aaHue optocoTonna-
HoB Npu BbinonHeHun A®C ¢ HMNP
14/20 cm ¢ nunotupyembix BC.
PaccmoTpum 3agavy A®C u cos-
LaHus opToOTONNAHOB HAaCeNeH-
HbIX MYHKTOB cybbekTa PO ¢ Hu3-

3arparbl Ha co3paHue opTohOTONNAHOB HACENEHHbIX MYHKTOB

npu cnnowHoi A®C c BBC c HMP 6 cm

KOW MJIOTHOCTbIO HaceneHus Ha
npumepe  ToMmcKoit  obnacty,
OCHOBHbIE XapaKTepUCTUKU KOTO-
poro npepcTasnexsl B Tabn. 10. B
3TOM Cc/yyae cniowHas aspodo-
TOCbEMKAa He paccMmaTpuBaeTcs,
KaK 3aBefoMo He 3(heKTnBHas.
OueHka 3atpar Ha ADC 1 co3paHme
OpTO(OTONNAHOB  HACENEHHbIX
NyHKTOB Takoro cybvekta Oepe-
pauuu npusefeHa B Tabn. 11 u
MOKa3bIBAET, YTO U B AAHHOM CNly-
yae A®C c BBC ¢ HMP 6 cm umeet

Konuyectso aHeit npn AGC
1 6puragoit ¢ 4 BBC

KonnyectBo kaneHpapHbx fAHeN
npu A®C 1 6puragont ¢ 4 bBC

Konunuectso kaneHpapHbIx fHen
npu A®C 10 6puragamm ¢ 4 bBC
V Kaxgou

Bcero 3arpar, Thic. yci. pyo.

Konnyectso nony4eHHbIX CHUMKOB

Tabnuua 9
leockan 201 + leockan 201 + Cpeatee
A®K 42 Mn A®K 24 Mn 3HayeHue
98 149 123
140 201 170
14 20 17
17 000 30 000 23 500
320 000 520 000 420 000




TEXHOJIOTUU

CpaBHeHue 3aTpaT M NPOAOIKNTENbHOCTU BbinonHeHua ADC

¢ nunotupyembix BC n c BBC Tepputopun cy6bekta PP
C HU3KOW NNOTHOCTbIO HaceneHus

Tabnuua 11

CpepnctBa 1 cnoco6 A®C

MpopomxkutenbHocts ADC,

KaNeHJapHbIX fHeN
ADC cenbckmx HM ¢ AH-30 +
A®K 240 Mnukcneit, HMP 20 cm 73
A®C ropopos ¢ AH-30 +
A®K 240 Mnukceneit, HMP 14 cm 11
Nmozo A®C ¢ nunomupyemsix BC
cenbckue HIT + 2opoda 84
A®C cenbckux HM 10 6puragamm
¢ 4 Gemini / TeockaH 101 B kaxpon 10
A®C ropopos 7 Gpuragamu
¢ 2 lfeockaH 201 / TeockaH 101 B kaxpoi 6
Umoao A®C c bBC censckue HIT + eopoda 16

3atparbl Ha Becb 06bem pabor,
ThIC. yCII. py6

7200
2900
10 100
6300

1200
7500

Xapakrepuctuku cy6vekta P® c Hu3Kom

NIOTHOCTbIO Hacenenus (Tomckas

o6nacrb)

HaumeHoBaHMue xapaKTepuCTUKN
06was nnowagb, KM

KonnuyectBo ropogos

CpenHasa naowaab ropona, Km?
06uwas niowagb ropofos, KM?
Konuyecteo cenbckux HIM

CpegHasa nnowapab cenbckoro HIN, km?

06was nnowanb cenbckux HI, km?

Ta6bnuua 10

3HaueHue
316 900

7

63

440

562

1,6

930

MpeuMyLLeCTBA N0 CPABHEHUIO C
A®C c nunoTtupyemoro BC.

lpoBepeHHble MCCnegoBaHUA
no3BONAIOT CAenatb cnepyiolme
BbIBOAbI.

Wcnonb3zoBaHne BBC wumeer
60MbLWOI NOTEHLMAN NPOU3BOAU-
TeNbHOCTW W MO3BONAET onepa-
TUBHO BbIMONHATL a3p0ohoTOTONO-
rpadmyeckyo CbeMKy Hacenes-
HbIX NMYHKTOB cybbeKkToB P®, obec-
neynBas nofiyyeHue maTepuasnos
C [AETaNbHOCTbIO M TOYHOCTbIO,
NPUroAHbIX ANs peleHus 3agay
Kagactpa HeABMKMMOCTM, B TOM
yucne onpefeneHus KoopauHat
XapaKTEPHbIX TOYEK rpaHuL 3e-
MeNIbHbIX Y4YacCTKOB M KOHTYpPOB
obbekToB Hegsuxumoctn ¢ CKM,
He npesblwatoweit 10 cm [1]. Mpu
3TOM He TpebyeTcs Hanuuue Ha-
3eMHbIX OMOPHbIX TOYEK, KOOPAM-
HaTbl KOTOPLIX OMpefenstTcs B

pe3ynsTate MoneBbix reofesunye-
CKux pabor.

LleHoBas pocTynHOCTb npo-
rpaMMHO-anmnapaTHblX KOMMeK-
coB [eocKaH, UX BbiICOKas npous-
BOLMTENIbHOCTb, @ TAKXXE BbICOKMIA
ypOBeHb aBToMatusauum oto-
rpaMMeTpuyeckoir  06paboTKM
no3BonsAT paccmarpusate BBC
KaK 3KOHOMMWYeckn 3pdekTnBHOE
pelweHue pas BbINONHEHUA 6OSb-
wnx obvemoB aspodoToTonorpa-
tuyeckux paboT 3a oauH mone-
BO/ CE30H NpPU CbeMKe pa3iuy-
HbIX TUNOB HACENEHHbIX MYHKTOB W
nosy4yeHns MaTepuanoB C BbICO-
KOVt LeTaNbHOCTbI0 U TOYHOCTbIO.

TexHonorns aspocoToTono-
rpauyecKoit CbeMKM C MCNoNb-
3oBaHuem BBC, npepnaraembix K
«leocKaH», y}e npumeHserca B
pasnuyHbix cybvektax P®. OHa
MMeeT OTKPbLITHIA XapakTep W

MOXET JIErKo MaclTabupoBatbCs
33 CYeT yBeNMYeHWA yucna [o-
CTYMHBIX AAA 3KCnayatauum npo-
rpamMMHO-anmnapaTHbIX KOMMeK-
cos (bBC) u konuyecTBa ux nosb-
30BaTeneil, B TOM 4ucie nyTem
00y4YeHus cneuuanucToB, Npepo-
CcTaBfeHns 060pyfoBaHNA B apeH-
By, @ TaKXXe COBMECTHOro BbINOJ-
HEHUSA KPYMHbIX MPOEKTOB.
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TEXHOJIOTUH

OBPABOTKA U3MEPEHWUN B
PEXXUME PPP STATIC NMPU PA3HbIX
JOPEMEPUAAX U NOMPABKAX
YACOB CIYTHUKOB GPS U TNMOHACC

B.10. AdaHacbeB («<HUW npuknagHoit akyctukmy», ly6Ha)

B 2017 r. okoHuun maructpatypy reogesuyeckoro takynsteta MUUTAMK c npucsoenuem keanudukaumu
«MarucTp» No HanpasNeHUIo «reofe3ns 1 GUCTaHLMOHHOe 30HAMpoBaHuey. C 2015 r. pabotan B 000 «TonkoH
Mo3unwmnoHuHr Cuctemey, c 2017 r. — B 000 «MocTooTpsaa-55». C 2019 r. pabotaet B ®IYMN «HUW npuknagHoit
aKYCTUKUY, B HACTOSALLEE BPEMS — Hay4HbIi COTPYAHMK.

BHeapeHnne meTofa TOYHOrO
nosuunoHmposanus Precise Point
Positioning (PPP) B npaktuky
CMYTHUKOBLIX reofe3uyYecKknx n3-
MepeHUil TpebyeT uccnefoBaHus
BNIMAHMA HA TOYHOCTb Ompepene-
HWUS MPOCTPAHCTBEHHLIX KOOPAM-
HaT 3TUM MEeTOAOM 3HaYeHui
napameTpos 3demepupa M nonpa-
BOK 4acoB cnyTHukoB GPS u
IMOHACC, npepocTaBisieMblX pas-
JIMYHBIMU pecypcamu.

Lienbio gaHHOro nccnefoBaHus
ABNAETCA OnpefeneHne Tuna
3temepua “ NOMPaBOK YacoB
CMYTHWUKOB W pecypca Ana ux
CKayuBaHus npu 0bpaboTke cnyT-
HUKOBbIX M3MEPEHUN B pexume
PPP Static pgns pocTuxeHus
VYPOBHA TOYHOCTU He Xyxe 3 CM B
nnaaHe M 3 CM No BbICOTe Mpu
HauMeHbLIEM BPEMEHM 0XUAAHUS
CKaunBaHus 3emepua.

B kayecTBe MCXOAHbBIX [AHHbIX
ONA NpOBefeHNs WCCNefoBaHusA
ObIIM  NPUHATH  HenpepbiBHbIE
CMYTHUKOBbIE U3MEPEHUS, BbINON-
HEHHble aBTOPOM B TeYeHUe NATU
LHEN Ha YeTblpex NyHKTax reofu-
Hamunyeckoro monuroHa «J1épo-
BO» BO BPEMS MPOXOXAEHNS Npo-
M3BOACTBEHHON  MpPaKTUKM B
2014 r. B nabopatopun CcnyTHu-
KOBbIX METOA0B U3y4eHUs reodu-
3nyeckux npoueccos Ne 203
WHcTutyTa dusmkn 3emnn um.
0.10. Wmupgra Poccuitckoin aka-
LEeMUMN HayK.

OnucaHue NYHKTOB reofuHa-
MWYeCKOro MOJIUIOHa, Ha3BaHue
reofe3nyeckoil  annapatypsl,
HACTPOWKM perncTpayum cnyTHu-
KOBbIX CUTHANOB, METOA MoJyye-
HUA MNPUHATbIX 33 WCTUHHblE
KOOpAMHAT MYHKTOB, HACTPOIKM
pexuma PPP Static nporpammbi
06paboTtku RTKLib ver.2.4.2 npu-
BeaeHbl B pabote [1].

Ins 06paboTKM CNYTHMKOBbIX
n3mepeHuii B pexume PPP Static
B nporpamme RTKLib ver.2.4.2
NCNoJb30BaNUCh Clepytollne Tu-
Mbl 3emepui U NONpaBoK 4acos
HaBUrauMoHHbIX CNyTHUKOB GPS n
IMOHACC: Predicted (npepncka-
3aHHble), Ulrtra-Rapid (ynetpa-
GeicTpble), Rapid (6bicTpble) u
Final (duHanbHble), KoTOpble
OblM MOAYYEHbl U3 OTKPBITHIX
pecypcoB WNHbopmaynoHHo-aHa-
NIUTUYECKOTO LieHTpa KOOpAWHAT-
HO-BPEMEHHOTO U HaBUTaLMOHHO-
ro obecneyenus (MAL, KBHO) AO
«UHWWmMaw» [2] n MexpayHa-
pogpHoit cnyx6el THCC (Interna-
tional GNSS Service — IGS) [3].

B 71abn. 1 npuBegeHbl UCTOY-
HUKW BCex 3ceMepua 1 NonpaBok
YacOB HABUTALMOHHbIX CMYTHMU-
koB GPS wu [JIOHACC, ucnonb3o-
BaHHbIX Npu 06paboTke.

W3 oTkpbiTOro pecypca [2] moryt
ObITb CKayaHbl aiinbl athemepus u
MONpaBoOK YacoB HaBUrALMOHHbIX
cnytHukos GPS wn TNIOHACC WAL
KBHO cnepytowmx Tunos:

— Predicted — B pexume
peanbHOr0 BPEMEHU, Ha CYTKM
BMepes 1 Ha Tpoe CyYTOK Bnepea;

— Ultra-Rapid — c¢ 3apepx-
Koit Ha 6 YacoB — 1 cyTKu;

— Rapid — c 3agepxkoit Ha
1-2 cyToK;

— Final — c 3agepxkoii Ha
5-6 CyTOK.

N3 oTkpbiToro pecypca [3]
MOTyYT 6bITb CKayaHbl hainsl 3de-
MepUA ¥ NONPaBOK YacoB HaBUra-
LUMOHHBIX cnyTHUKOB GPS
MOHACC ppyrux WCTOYHMKOB
CNeayoLmnx TUNoB:

— Predicted — B pexume
peanbHOro BpemeHu, Ha 1 cyTku
Bnepen;

— Ultra-Rapid — c¢ 3apepx-
Koii Ha 6 YacoB — 1 cyTKu;

— Rapid — c 3agepxkoit Ha
1-2 cyToK;

— Final — c 3agepxkoii Ha
12-18 cyToK.

CnepyeT 0TMETUTb, YTO OTKPbI-
Tl pecypc [3] COAePXKMT AaH-
Hble U3 Ppa3HbIX WCTOYHUKOB,
cpean kotopbix ESA, EMX, GFZ,
CODE npepocTaBnstoT 3emepu-
abl GPS u TNOHACC, o6bepuHeH-
Hble B OAWH ain, u Tonbko IGS
npepocTtasnser 3cdemepupbl U
nonpasku 4yacos GPS n MTIOHACC
ans tunos Final, Rapid u Ultra-
Rapid B oTmenbHbix aiinax.
Mporpamma RTKLib ver.2.4.2 He
MOXET BbINOAHUTL 06paboTKY
HECKONbKMX (aiinoB TOYHbIX 3e-
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WUcTouHmnKu 3chemepua U nonpaBoK 4acoB HaBUraLMOHHbIX cnyTHMKOB GPS n MOHACC Tabnuua 1

WUcTouHuk 0603HaueHne Tun dainnbl ahemepup Bainbl nonpaBoK yacos
GPS TMOHACC GPS TMOHACC

NHbopmMaunoHHo-aHanuTuYeckunit  iac Final + + + +

LIeHTp KOOPAMHATHO-BPEMEHHOT0 Rapid + + + +

1 HaBUraLMOHHOTO obecneyeHus Ultra-Rapid + + + +

(WAL, KBHO) Predicted + + — —

MexpyHapogHas ciyx6a HCC igs Final + — + —

(IGS) igr Rapid + — + —
igu Ultra-Rapid + — + —
igu Predicted + — + —
igv Ultra-Rapid + + + +
igv Predicted + + + +

EBponeiickoe kocMuyeckoe esa Final + + + +

areHtcTBo (European Space

Agency — ESA)

MWHWUCTEPCTBO NPUPOAHBIX emx Final + + + +

pecypcos Kanagel (Natural

Resources Canada — EMX)

MoTcpamckuit ueHTp Hayk o 3emne  gfz Final + + + +

um. lenbmronbua (Hem. Helmholtz-

Zentrum Potsdam — Deutsches

GeoForschungsZentrum — GFZ),

[epmaHus

LleHTp onpepenexus opouT B cod Final + + + —

Espone (Center for Orbit

Determination in Europe — CODE),

Llisenuapus

MaccauyceTckuit TexHonornyeckuin  mit Final + — + —

uHcTUTyT (Massachusetts Institute

of Technology — MIT), CLLIA

Jlabopatopus peakTuBHOro jpl Final + — + —

aswxenus (Jet Propulsion

Laboratory — JPL), CLUA

HaunoHanbHas reoge3unyeckas ngs Final + — — —

cnyxba (National Geodetic

Survey — NGS) / HaumnoHanbHoe

ynpaBfieHne OKeaHUYeckux 1

aTMochepHbIX UcCnefoBaHmii

(National Oceanic and Atmospheric

Administration — NOAA), CLUA

OkeaHorpadnyecknin UHCTUTYT sio Final + — — —

Ckpunnca (Scripps Institution
of Oceanograph — SIO0), CLIA

Mpumeyarus:

— (aiinbl apemepug MMeIOT paclumpermne *.sp3;
— ¢halinbl NnonpaBoK YacoB UMeloT paclmnpenune *.clk;

— «+» — COAEepXaT AaHHblE;
— «—» — He COAepXaTt faHHblE.

MepUf ¥ NOMNPaBOK YacoB CMyTHM-
KOB, MO3TOMY AAHHble CUCTEMbI
IMOHACC, npepocTaBnsembie IGS,
He ObINK BKNOYEHbI B 06paboTKy.

B pe3ynbTate 06paboTku cnyT-
HUKOBbIX M3MEpPEHMWIl B pexuMme
PPP Static 6biiM nony4yeHbl Koop-

AWHATbI YeTblpex NYyHKTOB reofu-
HaMuyeckoro nonuroHa. B npo-
rpamme Microsoft Office Excel
OblNM BBIYMCIEHBI CpeaHue no
yeTbipeM MyHKTaM abContoTHble
OTKNOHEHWUS KOOPAWHAT, Mojy-
YeHHbIX M3 06pabOTKM nATUCY-

TOYHbIX HabnoAeHnn n 12-yaco-
BbIX MHTEPBaNoB (Tabs. 2).

[ns 5-cyTouyHOro uHTepBana
npu Ucnonb3oBaHUu 3emepus u
NonpaBoK YacoB CMYTHUKOB TUNa
Final n Rapid u3 nctrounukos IAC,
ESA, EMX, GFZ, CODE, IGS, MIT u



TEXHOJIOTUH

JPL abcontoTHble OTKNOHEHMUS
KOOpJMHAT OTNMYalTCA B cpej-
HeM Ha 7 MM, HauMeHblUee OTKJIO0-
HEHWe CcOCTaBAsAeT B MPOCTPaH-
cTBe 18 MM 1 COOTBETCTBYET 3¢he-
mepuaam Tuna Final, npegocTas-
naembim VAL KBHO. Wcnonb-
30BaHMe [AHHbIX TONBKO s CUr-
HaNoB HaBUraLMOHHbIX CMYTHU-
koB GPS yBennumBaer OTKNOHe-
Hus Gonee yem B 1,5 pasa.

[Ins 5-cyTouHoro uHTepsana
HauMeHbllee OTKJIOHEHUe npu
MCNONb30BaHUKU 3demepup U
nonpaBoK YacoB CMYTHWUKOB TUNa
Ultra-Rapid coctaBnser B npo-
CTpaHcTBe 26 MM U COOTBETCTBYET
3temepupam, npefocTaBAfEMbIM
WAL, KBHO. NUcnonb3oBaHue 3de-
mepup tuna Ultra-Rapid, npepo-
ctaBndembix IGS, gns curHanos
HaBUTALMOHHbIX CNyTHUKOB GPS u
IMOHACC yBenuunsaet abcontot-
Hble OTKNIOHEHUs Gosee YeMm B 4
pasa, No CpaBHEHWIO C pe3ynbTa-
TOM, NONIy4eHHbIM MPU UCNONb30-
BaHUU [AAHHBIX U3 TOFO XK€e UCTOU-
HUKa TOMbKO A1 CUTHANO0B HaBM-
raunMoHHbIx cnyTHukos GPS.

[insa 5-cyTouHoro wHTepsana
HaMMeHbllee OTK/NOHEHUE Tpu
ucnonb3oBaHuu 3scemepus TMna
Predicted coctaBnsetr B npo-

CTpaHcTBe 83 MM 1 COOTBETCTBYET
s3tdemepupamM  HaBUTALMOHHBIX
cnytHukoB GPS, npepocraBnse-
mMbim IGS. Wcnonb3oBaHue paH-
HbIX ANA CUTHANOB HaBUraLMOH-
Hbix cnyTHUKoB GPS u TJIOHACC
YBENIMYUBAET OTKIOHEHUs Gonee
yem B 1,5 pasa.

[na 12-yacoBoro uHTepBana
npu UCNOAb30BaHWUU 3Pemepus u
nonpaBoOK YacoB CMYTHWUKOB TWNa
Final n Rapid u3 uctounukos IAC,
ESA, EMX, GFZ, CODE, IGS, MIT u
JPL abconioTHble OTKNOHEHUS
KOOpAMHAT OTNMYaKTCA B Cpej-
HeM Ha 3 MmM. HaumeHbLee OTKO-
HeHWe COCTaBNAeT B MNPOCTPaH-
cTBe 21 MM 1 COOTBETCTBYIOT 3(e-
mepupam Tuna Final, npegocras-
naembim EMX.

[na 12-yacoBoro uHTepBana
HauMeHbllee OTKNOHEHUe npu
ucnonb3oBaHuM 3demepupg u
nonpaBOK YacoB CMYTHWUKOB TWNa
Ultra-Rapid cocTtaBnsietr B npo-
CTPaHCTBE 26 MM M COOTBETCTBYET
3cemepupam, npesocTaBaseMbiM
WAL, KBHO. Ncnonb3oBaHue ade-
mepug tvuna Ultra-Rapid, npepo-
crasnsembix IGS, pna curvanos
HaBUrauMoHHbIX CNyTHUKOB GPS n
IMOHACC yBennumBaeT OTKIOHE-
HMS Gonee yem B 9 pas, no

CPaBHEHUIO C pe3ybTaTtoM, Nosy-
YEHHbIM NpWU  MCMONb30BAHUM
LaHHbIX M3 TOTO e WCTOYHMKA
TONbKO AN CUFHANOB HaBura-
LIMOHHbIX cnyTHUKOB GPS.

Ona 12-4acoBoro WHTepBana
HaMMeHbllee OTKJIOHEHUE npu
MCMoNb30BaHUM 3demepup Tuna
Predicted cocTaBnsetr B npo-
cTpaHcTBe 142 MM 1 COOTBETCTBY-
eT 3deMepuaaMm HaBUrALMOHHBIX
cnytHukoB GPS, npepocTtaBnse-
mbiM IGS. Wcnonb3oBaHue paH-
HbIX O]l CUTHANIOB HAaBUTaALMOH-
HbIX cnyTHUKoB GPS u TNOHACC
VBENMYMBAET OTKIOHeHUs Gonee
YyeMm B 2 pasa.

B pabote [4] mns obpaboTkw
CNYTHUKOBbIX U3MEPEHMUIA, BbINON-
HeHHbIX Ha naTu nyHktax IGS, B
pexwume PPP Static B nporpamme
GrafNav 8.10 6blnn ucnonb3oBa-
Hbl 3demepupbl M NONpPaBKK
yacoB cnyTHKUKoB TUna Final, npe-
poctansiemble MIT, ckayaHHble
yepe3 WHTepdenc nporpammbl
GrafNav ¢ pecypca: ftp://cddis.
nasa.gov/. [Ona 12-4acoBbIx
WHTEPBANOB CPeAHAs KBaLpaTu-
yeckas ownbka (CKO) coctaBuna
B NpocTpaHcTtee 22 MM. [lns
cyTouHbiX MHTepBanos CKO co-
cTaBuna B npocTpaHcTae 18 mm. B

CpeaHue no yeTbipeM NYHKTaM abCOMIOTHbIE OTKNIOHEHWUA KOOPAUHAT IE ITEW

Tun 3cpemepup

Final

Rapid

Ultra-Rapid

Predicted

0603HaueHune

B nnaHe,

MM
iac 16
esa 17
emx 19
gfz 19
cod 23
igs 26
mit 20
jpl 27
ngs 90
sio 4043
iac 18
igr 28
iac 25
igu 32
igv 122
iac 131
igu 47
igv 123

5-cyTOuHble HabnoaeHUs

Mo BbicoTe, B npoctpax- B nnaHe,
MM CTBE, MM MM

9 18 18

9 20 18

7 20 17

8 21 18
19 30 20
23 35 21
20 29 18
20 34 22
220 238 95
2359 4681 4036
10 21 17
24 37 21

6 26 25
26 41 25
145 190 275
222 258 213
69 83 93
50 133 231

12-yacoBou MHTepBan

Mo BbicoTe, B npoctpaH-
MM cTBE, MM
15 23

12 22

12 21

12 22

18 27

22 30

19 26

19 29

210 230
3345 5242

17 24

23 31

9 26

28 38

230 359

386 441

107 142

226 323




TEXHOJIOTUU

Toil e paboTe BLINONHEHO
CpaBHeHMWe pe3ynbTaToB 06paboT-
KM CMYTHUKOBbLIX W3MEpeHWi 3a
TpOe CyTOK [NA OAHOM CTaHLMK
IGS npu ucnonb3zoBaHun ateme-
puUa 1 NONpaBOK YacoB CMYTHUKOB
U3 pasHblX UCTOYHWUKOB passmny-
Hbix TunoB: Final, npegocrasnse-
mbix MIT, Final u Rapid, npepo-
ctansiemblx CODE. ns 12-yaco-
BbIX W CYTOYHbIX MHTepBanoB CKO
KOOPAMHAT OTIMYAIOTCA Hecyluye-
CTBEHHO (B CpefjHEM Ha 2 MM) K
COCTaBUIW B NPOCTPAHCTBE NpH-
MepHO 20 MM.

Mony4yeHHble pe3ynbTathl Mo-
3BONIAKT CAenatb ciegyolme
BbIBOAbI.

1. MNpu 6GnaronpusTHLIX ycio-
BUAX CMYTHUKOBLIX HabnopeHui
ANs  noAyyYeHUs abCONIOTHbIX
KOOPAMHAT C TOYHOCTbIO HE XyXKe
3 cm B niaHe # 3 CM no BbICOTE
npu o6paboTke 12-4acoBbiX WH-
TepBanoB B pexxume PPP Static B
nporpamme RTKLib poctatouHo
ucnonb3oBath  3demepupbl U
MONpaBKW YacOB HaBUTaLMOHHbIX

cnyTHukoB GPS wn MJIOHACC tvna
Rapid, npepoctaBnsembie WAL,
KBHO B oTkpbiTom pecypce [2],
KOTOpble MOXHO CKayaTb C 3a-
LEPKKON MeHee 2 CYTOK.

2. lpn ncnonb3oBanumn acheme-
PUA ¥ NONPaBOK YaCoB CMYTHWUKOB
tuna Final n Rapid 13 ucroynukos
IAC, ESA, EMX, GFZ, CODE, IGS, MIT
n JPL pna 12-yacoBbix MHTEpBa-
JI0B CPefiHWE MO YETbIPEM MyHKTaM
abConoTHbIE OTKNIOHEHNS KOOPAK-
HaT OT/NMYAKOTCA HECYLeEeCTBEHHO
(B cpegHem Ha 3 MM) M cOCTaB-
NAT B cpefHeM 25 MM B npo-
CTPaHCTBE, YTO AOCTaTOYHO XOPO-
WO COrnacyeTcs C pe3ysabratamy,
npuBefeHHbIMM B paboTe [4].

3. B cnyyae ucnonb3oBaHus
3cdemepup tna Predicted pns
LOCTUXEHWUS Hauyyleid TOYHO-
CTW cnepyeT ucnonb3osarb 3cte-
MepUZbl HABUFALMOHHbIX CAYTHN-
koB GPS, npepocraBnsemsle IGS B
OTKpbITOM pecypce [3].

4. OuHanbHble pJaHHble U3
OTKpbITOro pecypca [3], npego-
cTaBnsemble HauuoHanbHoi reo-

pesuyeckont cnyx6oi CLUIA, He
cofiepXar nonpaBKK 4acoB CnyT-
HukoB B hopmate *.clk, a npepo-
ctaBnsemple  OkeaHorpacuye-
ckum uHctutyTom Ckpunnca, He
CofiepXaT He TOJbKO MOMpPaBKM
4acoB CMYTHWKOB B dopmarte
*.clk, HO ¥ yackl cnyTHUKOB B
taine *.sp3, No3TOMy OTKNOHe-
HUA [N AAHHBIX UCTOYHMKOB BO
MHOrO pa3 NpeBbllIAT OTKNOHe-
HWUA, NOJYYeHHble [ APYrux
MCTOYHWKOB.

~ Cnucok nuteparypbl

1. AdaHacbes B.H0. OueHka Tou-
HOCTU peweHus B pexxume PPP Static
B nporpamme RTKLib // Teonpodu. —
2020. — Ne 2. — C. 44-47.

2. NudbopmaunoHHo-aHanUTHYe-
CKUI LEHTp KOOPAMHATHO-BPEMEHHO-
r0O U HaBMraUMoOHHOro obecneyeHus
A0 «UHWWUmaw». — ftp://ftp.glo-
nass-iac.ru/MCC/PRODUCTS.

3. International GNSS Service. —
ftp://igs.ign.fr/pub/igs/products.

4, Static Precise Point Positioning
Accuracy in GrafNav 8.10 / Waypoint
Products Group, NovAtel Inc.
January 2008.
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NYTEIWECTBUE B UCTOPUIO

BKJAL NPEANMPUATUA Ne 12 TYTK
CCCP B HAYYHbIE UCCNNEAOBAHUA
COBPEMEHHOW FTEOAMHAMUKMU

B CPEAHEN A3UN*

A.l. Pai3maH

B 1954 r. okoHuYun reopesmyeckuii hakynster MUNTAMK no cnewumanbHOCTU «MHXKEHEP aCTPOHOMO-Fe0Ee3UCTY.

C 1954 r. no 1994 r. pa6otan Ha Mpepnpuatuu Ne 12 TYTK CCCP (TawkeHT, Y36ekckas CCP), roe 3aHuman
pasnuyHble JOMKHOCTM, B TOM Yucie Obll HavanbHUKOM OMbITHO-UCCAELO0BaTENbCKO Nabopatopuu. OcHOBHOE
HanpaB/ieHUe AeATeNbHOCTU — NPOrHO3 3emnetpsaceruiit B CpepHen Asun. KaHamnaar TeXHUYECKUX HayK.

Boigatowmitcs POCCUNCKNI
yyeHbliit M.B. JlomoHocoB Gonee
250 net TOomy Haszag, B 1763 r., B
NPUNOXKEHUUN K CBOEMY KaNnuTab-
HOMY Tpyoy MO MeTannypruu, B
TpakTate «0 cnosx 3eMHbIX», nu-
can: «M3meHeHue nuka 3emnu
MOYTM BCerna CoefUHEHO C HEYyB-
CTBUTEJIbHBbIM U [LOJFOBPEMEHHbIM
3eMHOIi NOBEPXHOCTMW NOBbIWEHM-
eM n noHuxeHuemy». 06pasosa-
HWEe MEXrOpHbIX BMafuH U MaTe-
PUKOBbIX Mbl6 OH 06BLACHAN CK-
NIO BHYTPEHHEro apa 3emnu,
nonaras, 4To «TakKue nNepemeHbl
npoucxoaunun Ha 3emne MHoro pas
M HbIHE NPOWUCXOAAT, U BPAL U
KOT1a MepecTaHyT».

YyeHble pasHbiX CTpaH B pas-
Hble BpeMeHa [OCTYMHbIMU UM
MeTOfaMM1 MbITaNUCh U3Y4YUTb 3TO
ABNEHNe Npupopbl. Tak, u3BecT-
HbI uccnegoBatens Cubupw, reo-
rpad, reomopdonor, reonor u
naneoHtonor Meax [lemeHTbeBuy
Yepckuit B 1879 r. HaHEC MeTKM
ypOBHA BOAbl 03epa baiikan Ha
NpUOPEKHbIX CKanax.

N3BecTHO, 4TO OHUM U3 CaMbIX
CTPALWHbIX CTUXWUIAHBIX BefCTBUN,
06YCNOBIEHHBIX COBPEMEHHbLIMY

B neckax nycmsIHb, BO mejie BblCOKOZOpHOlj,

LOBUXEHMAMU 3eMHON KOpbl, fB-
NAOTCA CUbHBIE 3eMNETPACEHUA.
OHW yHOCMAIM ThiCAYW yenoseye-
CKUX XW3HeW, npespalanu B
rpyabl pa3BanuH ropoja u cena,
MEHANU [0 Hey3HaBaeMOCTU Npu-
BblYHblE NaHAWadTL, paspywas
ropel U npopesas B 3eme rmy6o-
yaiwmue TpewmHsl. HecmoTtpa Ha
YCUAUA YYeHBIX W 3HayuTenbHoe
pa3BuTMEe  AHTUCENCMUYECKOro
CTPOMTENbCTBA, YMUCIO KEpPTB M
yObITKM 0T KaTacTpoduyeckux
3eM/IeTPACEHUN, K COXaNneHuto, He
MMelT TeHAEHUMU K CyllecTBeH-
HOMY cOKpauweHuto. [leno B Tom,
4yTO B NoC/nefHee BpeMs Hacene-
HMe B CeWCMMYECKUX paioHax
YBENNYMBAETCA, PacTeT KOHLEeHT-
pauusa xutenei B ropogax, BeCb-
Ma YA3BUMbIX K 3eMNETPACEHUAM,
MPOMCXOAUT aKTUBHOE OCBOEHME
1 3aceneHne HOBbIX, Manon3BecT-
HbIX TeppuTOpuii 6e3 pocTaTouy-
HOM MOATrOTOBKM W OLLEHKW CeWc-
MUYeCcKoW onacHoctu. B cBasu c
3TUM, cnepyeT OTMeTUTb, 4TO
neyanbHo u3BecTHoe Awxabap-
CKoe 3emnetpsaceHue 1948 r.,
yHeclee B 0AHY Houyb Gonee 110
THICAY YENOBEYECKMX XKU3HEN, CTO

Tgol nyms, nopod, onaceH u mepHucm,
Ho scem sempam u 6ypam HenoKopHsIU,

Bcea0a sneped udem 2eodesucm.

NeT Hasag 6b110 Obl beacTBUEM, HO
He katactpodoit. CunbHble [a3-
JIMACKNeE 3eMIeTPsSICEHNS, MPOU30-
wepawue B YsbekucraHe B 1976 r.
1 1984 r.,3a 20-30 net o 371010 B
MafoHaceNeHHON Torga mnycTbiHe
npuHecan Obl ropasfo MeHblie
yuiepba.

Jliogn BCcerga cTpemuanch ys3-
HaTb NPUPOLY 3TWUX KaTaKIU3MOB,
Hay4uTbCA NpeAcKasbiBaTb MX U
3aWMUTUTL CBOK XMU3Hb W MAOLbI
CBOEro Tpyfa OT C/enoii sApocTu
pa3byweBaBWUXCA NOA3EMHbBIX
CTUXuin. Ho oHM uM elwe He noj-
BNACTHbI: MPefoTBPaTUTL 3eMe-
TPACEHWE HEBO3MOXHO, OYeHb
TPYAHO NMOKa U npepckasatb ero.
YT06bl HayuyMTbCA KOHTPONMPO-
BaTb NPUPOLY M aKTUBHell BMeLU-
BaTbCS B €€ XKWU3Hb, JIOLN AOJIKHbI
nonHee u rybxe u3y4yaTb 3TU
rpo3Hble ee npossneHus. Moato-
My MCCeA0BaHUsS COBPEMEHHO
reoAMHaMUKN 1 MOUCK NpeaBecT-
HUKOB CUJIbHbIX 3eMNIETPSACEHNIA
NpeAcTaBNAOT 0AHY U3 Haubonee
aKTyasbHbIX Hay4YHbIX Npobiem.
PeweHne 370l u4pe3BblYalHO
CNOXHOW 3afaun TpebyeT wupo-
KOro KOMMJEKCHOro mnopxopa c

* NMpepnpuatue N2 12 ¢ 1939 r. no 1958 . 1 ¢ 1987 r. no 1994 r. Ha3eiBanock CpegHe-Asuatckoe AlT. — [lpum. peo.
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y4aCTMEM pa3INYHBIX HayK O
3emne: ceicmonorun, reopes’unu,
KOCMWUYECKOW reofie3nu, acTpoHo-
MUKW, Teonoruu, reomopdonoruy,
reou3nKu, reoMexaHuku u pp.
MoCTOsIHHbIE COBMECTHbIE MOUCKH
HOBbIX nyTei U 0600LWeHUA Npu-
LafyT pe3ynbrataM nccnefoBaHum
Gonblyio ybeautensHocTb. Cyul-
HOCTb reofie3nyeckux MeTofoB
UCCNefoBaHUA 3eMNEeTPACEHUN U
MX MNpOrHo3a 3ak/yaeTcs B
nepuofnYecKnx MOBTOPHLIX Bbl-
COKOTOYHbIX M3MepeHUsX Ha no-
BEPXHOCTM 3eMAnM C  LUenblo
BbIAB/IEHUA BEPTUKAJbHbIX U rO-
PW30HTaNbHbIX CMELleHni A B no-
TEHLUMANbHO CENCMOONACHBIX paii-
OHax.

lepBbiM HayyHbIM MCCNefoBa-
HUEM TOPU3OHTANIbHBIX CMELLEHN
3eMHoit noepxHocTu B CpepHent
Asumn 6bina pabota Bnagumupa
Anekceesuya Konubaesa (rnas-
Hbll  uHXeHep [peanpusaTtus
Ne 12), onyb6nukoBaHHas B 1962 r.
[1]. He mory He cka3aTb HECKOJIb-
KO CNnoB O ee aBTOpe, C KOTOPbIM
MHe npefCcTaBUnach pefkas BO3-
MOXHOCTb Nepuoamuyeckn 06-
wartbcst B TedeHne 40 net moen
pabotbl Ha Mpegnpustum No 12.
B.A. Konnbaes — uHxeHep-reo-
AEe3UCT, BbINYCKHUK XapbKOBCKOTO
MONUTEXHUYECKOrO  UHCTUTYTA.
BbicOKO nopApoYHbI YenoBsek,
CKPOMHbI M O4YeHb aKKypaTHbIiA:
He TOIbKO B paboTe, HO U B OTHO-
WeHNN K OKpYXallWum ero fio-
aam. 06weHue c B.A. Konubae-
BbIM OblIO MPUATHBIM U nNoes3-
HbIM; OH MHOTOMY MeHs Hayuui, 1
s GnarofapeH emy 3a 3To.

AHanM3 NPUYUH U NOCNELCTBUI
3emneTpsiceHns B Awxabage B
3HAYNUTENbHON CTENeHU CTUMYNK-
poBan pasBuTUe celicMonOruye-
CKMUX MCCNefoBaHUiA, HanpaBieH-
HbIX Ha pelleHne Npobnembl npo-
rHo3a 3emneTpaceHuin. MHtepec K
3Toil Npobneme 3HaYUTENbHO BO3-
poc nocne KatacTpotuyeckoro
TalWKeHTCKOro  3emaeTpaceHus
26 anpensa 1966 r.

ABTOp 3TWX BOCMOMWUHAHWUIA,
MPOXWBABLWMIA BMECTE C CEMbeN B
LeHTpe TawkKeHTa, pajom C npea-
npusTUeM, roe, KaK OKaszanochb

no3e, HAXOAUNCA INULEHTP 3eM-
NeTpACeHUA, MOMHUT, Kak B 5
4acos 26 MUHYT yTpa Bcex pasby-
WA MOLHbIA TONYOK, CONMPOBOX-
AABWMWIACA CUBHBIM TYyNOM U
cBeyeHuem atmocdepsl. Mogyma-
nocb 06 aTOMHOM B3pbiBe: HaKa-
HyHe AHaTonuit AcTpeukuii (npea-
CTaBuTeNb WTaba MO rpaxpaH-
cKoli obopoHe Ha MpeanpusaTuu
Ne 12) obbscHAn paboTHUKaM
NpeanpuaTUA pasnuyHble BOMpo-
Cbl, CBAi3aHHble C 3BaKyalueil BO
BpeMA BO3MOXHON aTOMHOW BOR-
Hbl.

Mocne cunbHOro NEpBOro ToNY-
Ka B TeyeHue nocnepyowux Tpex
neT B TallkeHTe Bbl0 3aperncTpu-
poBaHo 6onee 1100 MOBTOPHbIX
TON4YKOB. B pe3ynbrate 3emnetps-
CeHus B ropofie 6bI10 paspylleHo
60NbLIOE YUCAO XWUAbIX [OMOB,
LECATKN [ETCKUX U NeyebHbIX yy-
pexaeHuii, y4ebHbIX 3aBefeHUi,
AAMUHUCTPATUBHBIX 3A4aHUA K
MPOMBILWNEHHbIX NPeANnpUATUR.
Cpa3y xe nocne nepBbix NoA3eM-
HbIX TOIYKOB y4YeHble 1 cneyuanm-
cTbl  TalWKeHTa NPUCTYNUAM K
M3YYEHUID NMPUYMH U NOCNencT-
BWIA 3TOTO rPO3HOTO ABNEHUSA NPU-
poabl.

B wupokom Komnnekce uccne-
JIOBAHWUI BUAHOE MECTO 3aHAM
BbICOKOTOYHblE paboTbl Mpegnpu-
Atna N2 12 no u3yyeHuto cospe-
MEHHbIX BepTUKaNbHbIX fiehopMma-
LMIA 3€MHOI NOBEPXHOCTU B 3MU-

LeHTpanbHoOM 30He. Pe3ynbTarhl
3TUX UCCNef0BaHNIN CUCTeMaTnye-
CKM W perynspHo JOKNafblBaanCh
NpaBUTEIbCTBEHHON KOMUCCUM MO
MPOrHO3y 3eMAeTpACEeHUH, BO3-
rnasnsemon MaenaHoBbIM [aHK
ApudxaHosuyem (pupektop MHc-
TuTyTa ceiicmonorun AH Y3CCP).
OHn oTpaxkeHbl B OT4eTax, KOTO-
pble 6bIIM NpeACcTaBNeHbl cneyma-
ANCTaMU NPeanpuATMA Ha MHOrO-
YNCNEHHBIX MEXAYHAPOLHbIX, BCE-
COI3HbIX, MeXAYBeAOMCTBEHHbIX
¥ BeJOMCTBEHHbIX COBELAHUAX.

B Hanbonee KOHUEHTPUPOBAH-
HOM BWAE raBHble pe3yabTarhl
pabort Mpeanpusatus N2 12 no pac-
cMaTpuBaemoii npobneme onuca-
Hbl B [MCCEpPTALMOHHON paboTe
aBTopa HacToswen cratbu: «Mc-
cnepoBaHue TalWKeHTCKOro 3em-
netpaceHnsa 1966-1968 rr. reo-
pe3nyeckum metopomy [2]. Ouc-
cepTauus Gblna npefcTaBieHa Ha
COUCKaHMe Y4YeHOI CTeneHn KaH-
AMAaTa TeXHUYEeCKUX HayK Brnep-
Bble B UCTOPWUM NpesnpuATUS U B
1970 r. ycnewHo 3awuileHa Ha
y4yeHoM coseTe MHcTUTYTa husu-

kn 3emnau AH CCCP wumeHu
0.10. Wmupra.
focynapcTBeHHas  BaXHOCTb

paboT M HayyHbIX WUCCNefoBaHUN
no npobsieme NMPOrHo3a CUMbHbBIX
3emnetpsaceHuit B CoBeTckoM
Coto3e Hawna spkoe oTpaKeHue B
MOCTaHOBNEHUN MNpaBUTENbCTBA
1970 r. 0 co3paHum cneyuanbHbIX

il

A.N. Paiisman (8 uenmpe Ha kabuxe [A3-63) c cocmasom dsyx 6puzad
Ha HusenuposaHuu III knacca. llonyocmpos by3ayu, 1954 2.
®omo I.11. PaiiamaHa
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T.1. PaiismaH 8bINoNHAEM U3MepeHUA Ha
nyHKme mpuanaynayuu 2 kaacca. llonyocm-
pos by3ayu, 1956 2. Pomo A.[l. PaiismaHa

reofMHaMuyecKux MOJAUrOHOB B
NOTEHLMANbHO-CENCMOONACHbIX
pervmoHax cTpaHbl. Ha Tepputopuu
CpepHeit Asun [lpepnpusatuem
Ne 12 B COOTBETCTBUM C 3ITUM
noCTaHoBAEHWEM ObiNM CO3LaHbI
TawkeHTCKU, [ywaHOUHCKUNA,
OpyH3eHcknit n  Awxabagckui
reofMHaMn4yecKkue  MOJNUTOHBI.
ViccnepoBaHus IBUXEHUI 3eMHOW
MOBEPXHOCTU reofe3nyecKkumu
METO4aMU Ha HWUX MPOBOAUINCH
NnAaHOMepHO, CUCTEMHO U Ha
COOTBETCTBYIOWEM TOMY BpPEMEHU
Hay4YHO-TEXHUYECKOM  YPOBHE.
Pe3synbTaThl MccnepoBaHmii cospe-
MEHHOW reofAMHaMMUKMN Ha CpefHe-
a3MaTCKMUX MOJMUTOHaX OTPaXKeHbl
B YKa3aHHbIX Bbllle MaTepuanax.
3pech e HeobX0aUMO OTMETUTb
cepbe3Hoe AuccepTaLuMoHHOe UC-
cnepfoBaHue, BbinosHeHHoe Huko-
naem AnekcaHgposuyem Kopeww-
KoBbIM (HauanbHuK MpeanpuaTus
Ne 12). Ero aucceprauums «Wccne-
LOBaHWE COBPEMEHHbIX [BUXKe-
HWU 3eMHOW KOpbl reofe3nyecku-
MU METOAAMM Ha reofuHamuye-
ckux nonuroHax CpepHeit Asum»
Gblna NpefcTaBieHa K 3aluTe Ha
COMCKaHMe YYEeHOW CTeMeHU KaH-
AnpaTa  TeXHUYECKUX HayK W
ycnewHo 3awuieHa 8 1973 r.
Hemuoro o H.A. Kopelwwkose.
BcnomuHaetrca panekunn 1954 .
[lBa monogbix cneunanucta —
WH)XEHepbI-reoae3ncTbl, BblMyCK-
HuKkn MUUTAMK — npubbinn no
pacnpepenenuio  Ha CpepHe-
Asuarckoe AIT. 310 Gbilnn aBTOp
HacToslei cTaTbm M ero 6par
lpuropuit MeTtpoBuy PaitamaH.
Camo coboii pasymeetcs, 4To Hac,
KaK W BCeX BbIMYCKHUKOB y4eOHbIX

3aBefleHNn No acTpoHoMo-reofe-
3MYECKOI CneunanbHOCTH, XAaNM
noneeble IKCNEAULMOHHbIE pabo-
Tbl. Mbl b rOTOBBI K 3TOMY. Ho,
OKa3aBLWMWCb OAHM HA OrpoOMHON
Tepputopun CpepHeit Asuu 6Ges
poauTeneit (OHM MpoXWBaNU Ha
YKpauHe), pofHbIX, BAM3KUX W
Apy3en, ecTecTBEHHO, XOTenu
nonacTtb B XopoLuee noseBoe noj-
paspeneHue. Mbl uckanu Takoe
noApasfeneHve, paccnpaivsanu
paboTHWUKOB NpeanpuaATUS, U BCe,
KaK OfMH, Ha3blBanu reopesunye-
CKuit oTpapg 63, KoTopbii 6a3npo-
BajAcs B ropoge YumkeHTe, B
HOxHom KasaxctaHe, a pykoBoaun
um H.A. KopewkoB. Ho Torga
BcTpetuTbcs ¢ H.A. KopelwkoBbiM
He NpeAcTaBUIOCb BO3MOXHBIM.
Hac Hanpasunu Ha paboTy B reo-
Je3ndeckuit otpag 85, 6asupo-
BaBlwuitca B ropoae [ypbese
(3anapHbiit KazaxctaH) u npoBo-
AVMBLINIA paboTbl B GE3/I0AHBIX W
0e3BOAHbIX paiioHax MosyocTpo-
BOB MaHrbiwnak u bysauu, nnato
YcTiopT, Mpukacnuinckas HU3MeH-
HOCTb U Ap.

Cnepyetr oTMeTUTb, 4YTO B Te
roAbl KpynHble NoApa3sfeneHns
NpeanpuaTUiA, BbINOJHABLIMX NOJ-
HbIil KOMNeKc Tonorpado-reoge-
3Myeckux paboT, HasbiBaNUChH
«oTpsfamMuy, a B bonee nosgHee
BpPeMs CTa/liM Ha3blBaTbCA «IKCMe-
aULUAMUY.

B 1956 r., no peweHuto YTK
CCCP, otpspa 63 Gbin nepesedeH B
3abaiikanbe, B ropog Yuty. Tam Ha
6ase 3Toro oTpsfa ObII0 CO3AaHO
YutuHCcKoe asporeofesnyeckoe
npeanpusTUe, KOTOPOE BO3rNaBuU
H.A. KopelwKoB 1 pyKoBOAWA UM B
TeyeHue 10 nert.

B 1966 r. H.A. Kopewkos 6bin
Ha3Ha4yeH Ha AOMKHOCTb Hayab-
Huka MMpepnpuatus N° 12 u B
HOYb € 25 Ha 26 anpens BepHyCA
B TallKeHT, a yTpoMm 26 anpens
npousowno TalWKeHTCKoe 3emie-
TpsiceHne. MoXHO npepcTaBuUTh
cebe, Kakue 4yBCTBA OBAAENM
Hukonaem  AnekcaHppoBuuyem:
3aHAB BbICOKYIO [OMKHOCTb, OH C
cembeil mpuexan B 6naroycTpoeH-
HOe MecTO W BIpYr OKa3anca B
paspyxe. Ho 3Tu mbiciu, Bepo-
ATHee Bcero, ObiIN y HEero B aylue.
BHewHe oH Bbimsgen abcontoTHO
CMOKOWMHbIM, LeNOBbIM, KaK BCEraa,
MaNoC/NIOBHbIM; YENOBEKOM, XOPO-
IO NOHMMAIOLMM BbICOKYIO OTBET-
CTBEHHOCTb, KOTOpas BbiMana Ha
ero fontw. Hapsaay ¢ BocctaHoBne-
HWEM NpPOU3BOACTBEHHbIX W NOA-
BEJJOMCTBEHHbIX XUJbIX NoMeLle-
HWIA, pa3pylEeHHbIX 3eMeTpsce-
Huem, H.A. Kopewkos c nepsoro
AHA cBoeii paboTbl B TalwkeHTe
obecneynn HenpepbiBHYlO Npo-
M3BOACTBEHHYID  AEATENbHOCTb
npegnpuatua. Hwukonan Anek-
caHpposny KopewkosB — BbINycK-

A.M. Paiizman ¢ 6puzadoli no Husenuposaruw III knacca.
Monyocmpos by3ayu, 1954 2.
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HUK MUNTAMK koHua 1930-x unu
Hayana 1940-x rr. OH 6bin He
TONbKO XOPOWMWM pyKOBOAUTE-
NeM-X03NCTBEHHUKOM, HO U
OMbITHbIM BbICOKOKBaNMnLnpo-
BaHHbIM WHXEHEPOM, BNAZe0LWUM
3HaHWAMKM BO BCeX obOnacrsax
CnoxHeiwero Tonorpacdo-reoge-
3Myeckoro npoussoacTea. [lo-
3TOMY, NOHMMAs 3Ha4YeHue BbICO-
KOTOYHbIX MOBTOPHbIX reofe3unye-
CKMUX U3MEpeHUit fns uccneposa-
HUA NPUYUH W NOCNeLCTBUI
TalWKeHTCKOrO 3eMNETPACEHNS, OH
Cpa3y e opraHu3oBan nposefe-
HWEe MOBTOPHOrO BbICOKOTOYHOIO
HUBENIMPOBAHUA B 3NULEHTPaNb-
HOI1 30He. He ObI0 AHA, YTOObI OH
He WHTepecoBancs pe3ynbTaTamu
M3MEpeHUit 1 He NpUHUMaN yya-
CTUA B WX OLLEHKE TOYHOCTM W
uHTepnpetauun. Ero 3acnyrm B
OpraHu3aunMm reofuMHaMmuyecKkux
nccnefoBaHUn reofe3nyecknummn
meTofamu B CpepHei A3umn TpyaHO
nepeoueHnts. H.A. Kopewkos
Obl1  NOPAAOYHBIM, CKPOMHBbIM,
TpyaontoOMBbIM 1 po6poKena-
TeNbHLIM YenoBeKkoM, obnapgato-
WMM YYBCTBOM OTBETCTBEHHOCTU
33 paboTy M MOAYUHEHHBIX emy
nogen. Mue npepcrasunach pea-
Kasi BO3MOXHOCTb B TEYEHUE MHO-
rUX NeT coTpyaHMYaTh ¢ Hukonaem
AnekcaHppoBuyem, n s Gnarofa-
peH cyabbe 3a 3To.

SIpKMM NpUMepoM HefoOLEHKK
CTENEHN CEeNCMUYECKOW onacHo-
CTW B CENCMOAKTUBHBIX paioHax,
XapaKTepu3yLwmxca HU3Kum @o-
HOM CEeNCMUYECKOM aKTUBHOCTH,
HO KPYMHbIMWU 3eMIETPACEHUAMM,
ABnsaeTca panoH LleHTpanbHbIX
Kbi3binkymoB. 3gecb B 1964 .
Mpepnpustuem N2 12 6bin co3aaH
[A3NUNCKUI  TeoauHaMUYeCKui
MONWUIOH ANA M3YyYeHWA BepTu-
KaNbHbIX NepemMeleHnin 3eMHON
NOBEPXHOCTU TEXHOFEHHOro Xa-
paKkTepa, 0OyC/NOBNEHHbIX OTKay-
KOM rasa u3 Hef,p 3eMnu1 Ha OfLHOM
13 KPYNHBIX MECTOPOXAEHUI Npu-
poaHoro rasa B Y3bekucraHe.

JanbHeliwee pa3sutue reofu-
HAaMUYECKUX WCCef0BaHUN reo-
[e3MYeCcKMMU MeTofaMu B ITOM
panoHe CBA3aHO € CUNbHbIMYU [a3-
NNNCKUMU 3emMneTpAceHnAMu

—

b

Cnesa Hanpaso: H.A. Kopewkos, HayansHuk lpednpuamusa Ne 12,
I.H. KynbsuHckuii ¢ ceiHom u A.[1. Pai3mad, HayansHuk ONJ1
Mpednpuamusa N°12, Ha demoHcmpayuu 7.11.1977 2. 8 TawkeHme

1976 r. u 1984 r. lpepnpuatue
Ne 12 onepaTuBHO, Nocne Kaxpo-
ro 3emfeTpsAceHus, NpoBOAUNO
6onblwoit 06bEM BbICOKOTOUHbIX
reofesnyeckux pabot (noBTOp-
HOe HuBenMpoBaHWe 1 Knacca w
TpuaHrynauus 1 knacca) fns Bbl-
ABNEHUA BEPTUKANbHbIX U TFOpHU-
30HTaNbHLIX AedopmaL it 3eMHON
noBepxHoCcTU. OCHOBHbIE pe3yib-
TaTbl reofe3nyeckux UccnepoBa-
HUIW Ha [a3nuilcKoM reopunHamu-
YECKOM MONUTrOHe OTpaXeHbl B
AnccepTaumMoHHoi paboTe Bsue-
cnasa Anekceesuya [lucKynnHa
(HavanbHuk Mpegnpuatusa No 12)
«MccnepoBaHna  COBPEMEHHbIX
aedopmaumnii 3eMHOW NOBEPXHO-
CTU B 3NULEHTPaNbHbIX 30Hax [a3-
NUIACKUX 3emnetpsaceHnii 1976 r.
n 1984 r. reoge3nyeckMmu mMeTo-
namuny.

bonbwoit ob6vem reogesnye-
CKMX paboT, BbINONHEHHBIX Mpeg-
npusatnem N° 12 Ha Tepputopun
CpepHent A3un co BpeMmeHu ero
ocHoBaHusa B 1928 r., no3sonun
co3parb 6onee 10 KapT COBpPEMEH-
HbIX [BUXeHUA u pedopmaumii
3eMHOW NOBEPXHOCTU. ITU KapThl
B 0006WEHHOM BuAe OTpaxaloT
CKOPOCTU BepTUKaNbHbIX [BUKE-
HWN 3eMHOW KOpbl MW FOPU30H-
TanbHble TPaANeHTbl 3TUX CKOPO-
CTeil, TEKTOHUYECKMNE HApYLIeHus
B 3€MHON KOpe, YCTaHOBJEHHble
reofe3nMyeckum MeTOAOM U, B

HEKOTOPbIX Cy4yasaX, FOPU30H-
TanbHble pedopMaunum 3eMHOM
nosepxHoctu. OHKM, 6e3ycnoBHo,
NpefCcTaBNAoT GONbWON UHTEpPEC
BAA MPOLOMKEHUA Hay4yHbIX UC-
CNefl0BaHUiI COBPEMEHHOW reofiu-
Hamukn B CpepHeit Asuun. Bmecte
C 3TUM 0co60€e MecTo cpefu Hux
3aHMMAlOT: KapTa COBPEMEeHHbIX
OTHOCUTENIbHBIX TEKTOHUYECKUX
OBUXEHUA B ropope TallKeHTe,
KapTa COBpEMEHHbIX BepTUKaNb-
HbIX [BUXEHUN 3eMHOW KOopbl
CpegHeit A3uu, sasnswowascs co-
CTaBHOW YaCTbl KapTbl COBPEMEH-
HbIX BEPTUKANbHbIX ABUKEHUI
3eMHOIi KOpbl N0 reofje3nyecknm
AaHHbiM Ha Tepputoputo CCCP, a
TaKXe KapTbl BepTUKANbHbLIX W
ropu3oHTanbHbiX  aedopmauuii
3eMHOIi MOBEPXHOCTU B 3MULEHT-
panbHbIX 30Hax [a3nuickux 3em-
netpscenunit 8 anpena u 17 mas
1976 r. n 20 mapTa 1984 r. Kaptbl
COBpeMeHHbIX pedopmauuit 3em-
HOW NOBEPXHOCTU, COCTaBAEHHbIE
no reofe3nyecknm JaHHbIM, MOTYT
HaliTU WMpPOKOoe npaKTU4yecKoe
NnpUMeHeHWe npu NpPOeKTMpOoBa-
HWUW pasaUYHBIX TUAPOTEXHUYe-
CKUX COOPYKEHWI, MenumopaTus-
HbIX CUCTeM, MpU NpoKAajKe
KpynHbIX HedTe- 1 ra3onpoBOAOB,
npu pas3BefKe MNOMe3HbIX WCKO-
NaeMblX U pelweHnn Apyrux 3agav,
rie HeobXoAMMbI 3HAHWUS KONnYe-
CTBEHHbIX BENUYUH, XapaKTepu-
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3YOLWMX YCTOMYMBOCTL BO BpeMe-
HWU Pa3NNYHbIX Y4aCTKOB 3eMHOM
MOBEPXHOCTH.

HekoTopble n3 KapT, COCTaB-
neHHbix Ha Mpepnpuatum N2 12 u
Haubosee CNOXHBIX MO COAepIKa-
HUIO, ObIAN U3haHbI HA BbLICOKOM
nonurpaduyeckom yposHe Kap-
Torpacuyeckoit dabpukon TYIK
CCCP B TawkeHTe, BO3rnaBnsaemon
I.N. Pan3amanom c 1974 r. no
1994 r. OH NOCTOAHHO NOAAEPHKM-
Baj CBA3b U J0Opble OTHOWEHHUS C
PYKOBOACTBOM NpPeAnpuUATUS U
MHOTMMU PaBOTHMKAMK, BbIMYCK-
HUKamu TalKeHTCKOro Tonorpa-
(hMYeCcKoro TeXHMKYMa, B KOTOPOM
pabotan ¢ 1957 r. no 1974 r. npe-
nofiaBaTesieM, 3aBeayLmnm yyeb-
HOM 4acTblo, @ 3aTeM W AUpeKTo-
POM. 3@ HayuHble uccnefoBaHua B
obnactu BbicWei reofesuu B
1972 r. emy 6bl1a NpUCBOEHA yye-
HaA cTeneHb KaHAWAATa TeXHUYe-
CKUX HayK. Bo Bpema Hawwux
BCTPeY OH Bcerga npossnsan 60nb-
WOW MHTEpecC K pe3y/ibTaTam reo-
AMHAMUYECKUX UCCAefoBaHUN,
NPOBOAMMBIX MPEANPUATUEM, U
BbICOKO OLieHMBaN 3Ty paborty.

[aHHble, oTpaXKeHHble Ha Kap-
Tax COBPEMEHHbIX ABUXKEHWII 3eM-
HOM MOBEPXHOCTM, AAKT OcCpej-
HEHHYI0 XapaKTEepPUCTUKY 3TUX
LBVKEHMI 32 [OCTATOYHO 60Jb-
Wwoit nepuog BpemeHu. laHHbIx 06
M3MEHEHUAX WHTEHCUBHOCTU U
3HaKa [BWXEHWN BO BpEMEHMU,
KoTopble MOmM 6bl HOCWUTb NpO-
rHOCTUYECKME NpU3HaKKU 3emne-
TPACEHUA, 3HAYMTENbHO MeHbLUe.
Mo3aTomy, Kak yxe OTMeYeHo
Bbille, AN HAONIOAEHNS 32 XOA0M
LOBUXEHUNA 3eMHOW KOpbl B pafe
pailOHOB 3eMHOTO0 LWapa, 0cobeH-
HO B CENCMUYECKW aKTUBHBIX,
Kakum sasnsetcs panoH CpepHen
A3nu, co3paHbl reoguHaMuyeckue
MOJUFOHBbI.

B cooTBeTCTBUM C yKa3aHUAMM
I'YTK CCCP » pekomeHpauusmu
MexnyBeOMCTBEHHOIO COBETa
no CencMonorMm u CencmMocTomn-
KoMy cTpoutenscTBy npu [lpesu-
anyme AH CCCP Tpepnpustuem
N2 12 6binn co3haHbl reoguHamMm-
YyecKue noNMroHbl B panoHax pac-
nonoxeHus Yapsakckoro, Hypek-

CKoro 1 PoryHckoro rupposHepre-
TUYeCKMX KomnnekcoB. MecTa
pacnonoxenus 3tux [IC oTHoCAT-
CA K 30HaM BOCbMW W [E€BATU-
OannbHbIX 3eMNeTpsCeHUi, rae
CO3[aHMe KpYMHbIX BOAOXPaHM-
MWL, MOXET CyLeCTBEHHO NOBAU-
ATb Ha CceilcMUYecKylo 06CTaHOB-
Ky. B 1969 r. 6bin co3gaH Yap-
BAKCKWI reofMHaMUYecKuii nonu-
roH, a B 1974-1976 rr. — Hypek-
CKUA 1 POryHCKMIA NONUTOHBI.
OcHOBHasA LeNnb reofesnyeckux
paboT, NpoBefieHHbIX B paiioHax
paccmatpuBaembix 3C, 3akntoya-
Nacb B U3yYEHWUMN BEPTUKANbHBIX W
ropu3oHTanbHbiX  Aedopmaunii
3eMHO KOpbl B MpUNErawwmux K
BOAOXPAHMUIMLAM MeCTaM, Nepuo-
Ln4ecKue HabnogeHUs 3a ycToii-
YMBOCTbIO MJOTUH, YCTAaHOBNEHUE
KOpPPensLMoHHON CBA3W MeXAay
n3MeHeHuem obbema BOAbl B
BOLOXpaHMUIMIax u gedopmaums-
MU 3eMHOWN KOpbl B MpUEraoLmnx
palioHax, a TaKxe BblfiBAEHUE
BEPTUKANbHBIX U TOPU30HTANbHbBIX
nepemeleHnin 3eMHON NOBEPXHO-
CTW aHOMaNbHOrO XapaKktepa —
BO3MOXHbIX NMPeABECTHUKOB BO3-
Oy EHHbIX, TEXHOTEHHbIX 3eMfle-
TpAceHui. KpaTkue pesynbratsl
NepPBbIX LMKIOB W3MEpeHUuil co-
Aepxartcs B nyonukaumsx [3, 4].
HeobxoguMmo 0C060 OTMETUTH,
4To BoNblIAs 3acnyra B CO34aHUM

reofMHaMuyecKux MOJAUrOHOB B
celicMoonacHbix paiioHax Cosert-
ckoro Coto3a npuHagnexut Jleo-
Hugy Anppeesudy KawwuHy (nep-
Bbll 3aMeCcTUTeNb HayalbHWKA
FYTK ¢ 1972 r. no 1986 r.). Mny-
OOKO NMOHMMas 3Ha4YeHue 3TUX pa-
60T N1 BCEN CTpaHbl, OH yaensn
MHOTO BHUMAHWS TreoAMHaMUYye-
CKUM WUCCNeAoBaHUAM, MPOBOAM-
MbiM Ha lMpegnpuatum N2 12.

Bbino 6ol rpybGeieit ownbdKoil
nonararb, 4TO Kakue-TO 3acnyru B
“ccnefoBaHNAX COBPEMEHHO reo-
AnHamukn Ha Mpepnpuatum N2 12
npuHagnexar HeGonbWoii rpynne
ero paboTHukoB. Hago noHumarb,
yTO npepnpusTMe ObINO He Ha-
YYHO-UCCNeA0BaTENbCKUM WUHCTU-
TYTOM, @ NPOU3BOACTBEHHbIM NpPeA-
npuatuem cuctembl YK CCCP, rpe
KaX[blli NPOVN3BOACTBEHHBIA NpPO-
LLeCC NNaHUpoBanCs, NPoeKTUpo-
BaNCA, YTBEPXKAANCA BblWeCTOA-
e WHCTAHUMEeN u nopyyancs K
MCMONHEHNI0 ero nofpasfeneHu-
aM. MNonesble M KamepanbHble NOf-
pasgeneHns npefnpuaTUA Bbl-
MOAHANW 3T MPOU3BOLCTBEHHbIE
3ajaHua Hapagy C ApYyrumu, He
MeHee BaXHbIMWU TOCY[APCTBEH-
HbIMUW 33aHMAMK MO KapTorpagu-
poBaHuio Tepputopun CpepHeii
A31u B pasHbix MaclwTabax.

B 3Toit 60MbWON, MOXHO CKa-
3aTb, rpOMagHoi paboTe MpuHU-

. |

TawkeHmckuii monozpagudeckuii mexHUKyM Ha deMOHCmpayuuy,
1961 2. Cnesa Hanpaso: U.U. Camoiinos (npenodasamens),

I.1. Paiizman (3a8edywouwuii y4e6Hol yacmoto) ¢ coiHom lOpuem Ha
nneyax, M.A. Xapbrosckuii (dupekmop)
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Man aKTMBHOE y4yacTue BeCb Cla-
EeHHbI TPYAOBOW KOJNEKTUB.
OueHb TPYAHO NMepeynucnuTb BCEX
COTPYAHMKOB, paboTaBWMX B TO
Bpemsa Ha [lpegnpuatum Ne 12.
bonee nogpobHas uH-
topmauma copepKuTcs
B MOWX BOCMOMUHAHUAX
Ha CTpaHULe B COLCETM
Facebook.

ToT, kKTO paboTan Ha
NpeanpuaTAMN B TeYEHNE
MHOTUX JIET, 0COBEHHO B
nofeBbIX U KamepanbHblX Npo-
M3BOLCTBEHHBIX NOLPA3LENEHUAX,
3HaeT, HAaCKONbKO CNOXHa, Tpya-
Ha, CaMOOTBEPXXEHHAa W OTBET-
cTBeHHa paboTa reofesncrTos,
Tonorpados u kaptorpados. B
Hell He BblI0 MenoYell — BaXHbIM
Obl710 BCE U, NPEXK/e BCEro, OTBET-
CTBEHHOE OTHOLIEHWE K Hell BCex
NofpasaeneHuii:

— MNNaHOBO-NPOU3BOACTBEH-
HOro oTAena;

— NpoeKTHoro 6topo;

— oTfeNna TeXHUYECKOTO KOH-
Tpons;

— oTAena cHabxeHus;

— 3Kcneauuumn 223;

— 3Kcneauumn 228 (6asupo-
BaBLleiica B ropoge [ywanbe) u
akcneanumm 231 (6as3upoBas-
weitcs B ropoge AHruonb). It
reofie3nyeckme 3KcneguLuUn Bbl-
nosHUAM 6onblwoi obbem paboT
no HuBenuMposaHuio 1 Knacca u
BbICOKOTOYHbIM  NIMHENHO-YNO-
BbIM M3MepeHUsM Ha [ywaHOuH-

CKOM ¥ [a3nuitickom reoguMHamu-
YECKMX MNONUTOHaX, B paioHax
Hypekckoro u PoryHckoro rugpo-
JHEpreTMyecknx KOMMNIeKCoB U B
ropoge 3apaBLuaH;

— BbIYUCIUTENLHOTO

WHCTPYMEeHTaNb-
HbIX MAaCTepCKuX;

— coTouexa;

— OMbITHO-UCCNEeRO-
BaTeNbCKoW naboparo-
pun (OWJ1) u Bnocneg-
cTBUM nabopaTopuu reoguHamu-
yeckux uccneposanuit (JirN).

OToenbHO OCTAaHOBMMCA  Ha
3afavax, pewaembix OWJI/NTU,
HayasbHUKOM KOTOPO# Gbln aBTOP
HacToswel cTatbu. YucneHHOCTb
naboparopuu He npeBsbiwana 4-5
cneunanucto. Ho 310 Hebonb-
Woe Mo YMCNEHHOCTU MOApasfae-

NleHne BHEeCNo, Ha MOW B3rAp,
BECOMbI BKNAj He TONbKO B
paboThl Mo UcCNeaoBaHUIO COBpe-
MeHHOII reojuHaMNKN reofie3nye-
ckummn metopamm B CpegHent Asuu,
HO M B 0blyee TexHUYeCKoe pas-
BuTME npennpuatusa. K OCHOBHbIM
HanpaBNeHUsM eATeNbHOCTU Na-
60paTopuM MOXKHO OTHECTU cne-
pytouue:

— BHe[peHue B NPOM3BOLCTBO
HOBOWA TEXHUKMN W TEXHONOTUY;

— pauuoHanusaumua npo-
M3BOJLCTBEHHBIX NPOLLECCOB;

— c6bop M aHanM3 HayyHO-Tex-
HUYecKon MHdopmaLum (Ha npea-
NpUATMK BbiNa CO3[aHa, Ha Mo
B3rmAg, nydwas B CpegHeit Asuu
COBpEMEeHHas Ha TOT Nepuog Bpe-
MeHM Hay4yHO-TexHUYeckas 6uo-
nnoTeka B 06/1acTM reogesuu,
aspocdoTocbeMKkm, Tonorpadun u
KapTorpacum);

— yyacTve B NPOeKTUPOBAHUM
reofle3anyecknx MoCTPOEeHUit Ha
reoAMHaMUYeckux  MOJUTrOHax,
BbIHOCA MPOEKTOB B HaTypy;

— KOHTPOJb KauecTBa 13mepe-
HUIA, UX MHTEpNpeTaLms;

— COCTaB/IeHWe MO pe3ynbra-
TaM MOBTOPHbIX W3MEpPeHUi Ha-
YYHO-TEXHUYECKUX OTYETOB W
AOKNafoBs;

— yyacTue B MHOTOYUCIEHHBIX
Hay4YHO-NPON3BOACTBEHHbIX COBE-
WaHUAX 1 T. .

Oco6o cnegyer OTMETUTb
coctaBnedne B OWN/NITU B
1988 r. Hay4yHO-TeXHW4YeCcKoro
oTyeta «[llocTpoeHne U ypaBHU-
BaHMe aCTPOHOMO-reogesuye-
ckoii cetn CCCP» (CpepHss A3us,

I.H. KynesuHckuii pacckassisaem A.H. Kopewrkogy u A.ll. Paiizmany
06 onsime npumeHeHus paduodanbHomepa, Bnepssie nocmynusuie2o
Ha lpednpuamue Ne 12




NYTELWECTBUE B UCTOPUIO

KasaxcTaH, fkyTus) no matepua-
nam pabot 1938-1988 rr. Bropoii
ToM — anbbom ¢ doTorpaduamu
CNeuuanuncToB, BHECWMUX 0COObIN
BKNaj B CO3AaHWEe acTPOHOMO-
reope3snyeckoinn cetn CCCP, po-
MOSHWA HayYHO-TEXHWYECKUii OT-
yer.

Bo BTOpOIt NONOBMHE 1960-X IT.
Ha npepnpuATAW NOA PYKOBOA-
CTBOM aBTOPa HACTOALWe CTaTby
Obln BbINOAHEH OONbIWON NPOEKT
No PEeKOHCTPYKLMM W nepeypas-
HWUBAHWIO ACTPOHOMO-reofe3unye-
ckoii cetu CpegHeit Asuu. Pabota
3akiyanacb B pacWMpeHuu
pAgoB TpuaHrynauun 1 Knacca,
nponoxeHHbix B 1930-1940-x rr.,
3a CYeT TPUAHTyAAUMM 2 Kiacca,
NpoNoXKeHHoW B 6onee nosgHee
BpeMs 1 N0 KayecTBY He ycTynato-
wen TpuaHrynaumm 1 kKnacca.
Bbina nposeneHa 6onbluas paboTa
Mo BCECTOPOHHEMY KayeCTBEHHO-
My anpobupoBaHMI0 BCEX pe3yb-
TaTOB YIOBLIX U3MepeHuit Ha 69
PEKOHCTpYMpYyeMbIX TpUAHTyNA-
LLMOHHBIX NMOCTPOEHUAX, U MOArO-
TOBJIEHA MH(OPMaALMA ans nocne-
Jyiolero ypaBHuBaHuA Ha JBM.
TV JaHHbIe NO CBOEW KayeCTBeH-
HOW HAAEXHOCTU BMOSMHE MOryT
CNYXUTb OCHOBOW ANA MCCAeno-
BaHUA TOPU3OHTAJIbHbIX [ABUXKE-
HWIN 3eMHOM KOpbl.

B 3akniovyeHne Heobxogumo
OTMETUTb, 4TO C NEpBOr0 AHA
TalKeHTCKOrO  3eMNeTpsACeHus
26 anpens 1966 r. Ha nomoub
OblIN MOAHSATHl BCE BO3MOMHble
oTpacnu HapojHOro X03AWCTBa
Cosetckoro Cotosa. Cpegu Hux,
KOHEYHO e, Obina Akagemus Hayk
CCCP, Akapemus Hayk Y3bekcko
CCP » MHoOrouyucneHHole BefOM-
CTBEHHblE  Hay4YHO-UCCNepoBa-
TeNbCKMe WHCTUTYTbl. AKTUBHOE
yyacTue B uccnepoBaHun Tauw-
KEHTCKOrO 3eM/IeTPACEHUSA NPUHSA-
AN COTpYAHMKM LleHTpanbHoOro
Hay4YHO-UCCNef0BaTENbCKOMO WH-
CTUTYTa reofe3unu, a3poCbeMKU U
kaptorpacdum (LHWUUTAuK), B
yactHoctn, flH BanepbaHoBuu
HaymoB, pykoBoauTens reopesu-
yeckoro otgena, u Wrops Huko-
naesny Melepckui, cTapwmnin Ha-
VUHBIN COTPYAHUK.

Cnesa Ha npaso: A.1l. PaiismaH, A.A. U3omos, I'.11. PatiamaH. Tawikenm,
Annes noamos, 1984 .

MOCTOAHHO U MHOTO BHUMAHMA
VOenAnn pesynsrataM UCCnegoBa-
HUA  COBPEMEHHbIX [BUXEHUN
3eMHO KOpbl reofe3nyeckumu
metofamu, nposofaumbix [lpeg-
npuatuem N 12 Ha cpefHeasmar-
CKUX TreofjMHaMUYECKNX MNONUro-
Hax BUJHble COBETCKME YYeHble:

— TaHn ApudxaHosuy Mas-
naHoB, akagemuk AH Y3bekckoil
CCP, n BaneHTuH VBaHoBuy Yno-
MOB, AOKTOpP reojoro-MuHepano-
TMYECKUX HayK, YNeH-KOppecnoH-
neHT AH Y36ekckoit CCP (MHCTu-
TyT ceiicmonornn AH Yabekckoit
CCP);

— Bnagumup Metposuy Ller-
nos, akagemuk AH Y3bekckoit CCP
(AcTpoHOMUYecKmnit UHCTUTYT AH
Y36ekckoit CCP);

— Opuit [Omutpuesuy by-
NaHKe, YNeH-KOPpPecnoHfeHT
AH CCCP (MHcTuTyT U3nKn
3emnu umenn 0.H0. Wmupra AH
CCCP);

— AnekcaHap AnekcaHppoBuy
30T0B, [OKTOpP TeXHWYeCKUX
Hayk, npodeccop (MUNTAKK);

— HOpuit Anekcanpposuy Me-
LepsAKOB, [OKTOP Hayk, npodec-
cop (Muctutyt reorpadum AH
CCCP).

MpoitayT rofbl, AecATKU U COT-
HU neT. BO3MOXHO, NOTOMKM COY-
TYT HallK reofie3nyeckme MeTofbl

“ccneaoBaHMA COBPEMEHHON reo-
LMHAMUKMN CTOJb )K€ HECOBEpLIEH-
HbIMW, KAaKUMWU HaM TNpepcTaB-
nawotca metkn W.L. Yepckoro Ha
NpuOpeXHbIX ckanax osepa bait-
kan. Ho HecoMHeHHO 0pHO —
TPYA HalWWX COBPEMEHHUKOB Oy-
LeT noneseH NOAAM.
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