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AHHOTAUMA

BBepeHue. B ctatbe paccMoTpeHo MHOpMaLnoHHoe obecneyeHne MOHUTOPUHTa CTPOUTENBCTBA C UCMONb30BaHNEM CO-
BPEMEHHbIX TEXHOMOIUI, @ UMEHHO MPUMEHEHNE adpOo- N KOCMUYECKMX CHUMKOB AN11 MOHUTOPUHIa CTpouTenbCcTBa. Tema
aKTyanbHa B CBSA3U C pacLUMpeHNEM BO3MOXHOCTEN NPUMEHEHNS LIMPOBLIX TEXHOMNOMMIA B CTPOUTENBLCTBE, K KOTOPbIM OT-
HocuTcs umdpoBasi hoTorpammeTpudeckast obpaboTka aspo- U KOCMUYECKUX CHUMKOB. [TpoaHanuanpoBaHo otobpaxeHne
CTPOMTENbHOW NMOLLAAKN Ha TaknX CHUMKaX: CTPOUTENbHasA TeXHWUKA, CTaaun CTPOUTENbCTBA, CTPOUTESNbHbIE MaTepuansl.
MaTepuansl n meToabl. [1na npoBeaeHns aHanuaa otobpaxeHns Ha LM poBbIX CHUMKaxX 06BbEKTOB CTPOUTENBLCTBA, CTPO-
UTENbHOM TEXHWKN U CTPOUTENbBHBLIX MaTepunasnos NCNONb30BaHbl Matepuansl, NonyyYeHHble 3 AHaekcKapT Ha TeppuToputo
r. MockBbl, B KOTOpble H2 MOMEHT MOATOTOBKU CTaTbW ObINU 3arpyeHbl parMeHTbl KOCMUYECKMX CHUMKOB U MaTepua-
Nbl @3pOPOTOCLEMKM, COeANHEHHbIE B €AMHOE MOKPbITUE Tepputopun. MNpu BbINOMHEHNN UCCNENoBaHNS AN MOnyYeHns
Hay4HbIX Pe3yrnbTaToB NMPUMEHSINNCL OOLLieHay4Hble MeToAbl NO3HaHUs: abcTparvpoBaHve, aHanua, CUHTE3, rpynnuMpoBKa,
aHanorusi, HAYKUMs, Aenykumsi, MoaenupoBaHue; NCTOPUKO-TIOTMYECKUI, CPaBHUTENBHBIN, CUCTEMHBIN noaxoabl. [premsl
cbopa, 06paboTkn 1 aHanusa nHopMaLnM onpesensnMcb KOHKPETHLIMU LIeNsiMU UCCIeqOBaHuS.

Pe3ynbkraThl. MNpeacraBneH pesynstaT aHanusa oTobpaxeHns 06beKTOB Ha KOCMUYECKMX U @dPOCHUMKaX, NpoaHanmMampo-
BaHbl reOMeTpUYeckne pa3Mepbl Taknx 0GLEKTOB U BbiTEKaloLLee 13 3Toro Tpebyemoe paspeLleHne CbeMOK.

BbiBoabl. Ha ocHOBe paccMOTpeHHOro matepuana MOXHO CAenaTb BbIBOA, YTO ANl MOHUTOPUHIA CTPOUTENbCTBA ONTU-
MarnbHO NPUMEHeHVe aapOChEMKM C caMmorneTa 1 6ecnmMnoTHOro NeTaTenLHOro annapara, Takke BO3MOXHO UCNONb30BaHNe
KOCMUYECKON CbEMKM CBEPXBbLICOKOTrO pa3pelueHns. MNprBeaeHHbIe npumepbl Nokasanu, Kakue 13 MHTepecyloLmx 06bekToB
OyayT pasnuyMMbl Ha CHUMKaX, @ 3HAYWT, 3TO AACT BO3MOXHOCTb VX AelUndprpoBaHNS 1 ONpeaeneHns MeCTOMNOMNOXEHUS.

KIMKOYEBBIE CIIOBA: aspo- 1 KOCMUYECKME CHWMKW, MOHWTOPWHI, CTpouTenbHasi nrolwagka, CTpouTenbHas TEXHUKa,
CTpouTenbHble MaTepuarbl, CTaauy CTPOMTENbCTBA, MapamMeTpbl CbeMKU, pa3peLleHne Ha MeCTHOCTM
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ABSTRACT

Introduction. The article considers information support for monitoring construction using modern technologies, namely
the use of aerial and satellite images for monitoring construction. This topic is of particular relevance given the expanding scope
of digital technologies in the construction industry, including digital photogrammetric processing of aerial and satellite imagery.
The representation of the construction site in such images has been analyzed: construction machinery, stages of construction,
and building materials.

Materials and methods. To analyze the representation of construction sites, construction machinery and building materi-
als in digital images, data obtained from Yandex Maps covering the city of Moscow was used; at the time of writing, this
data included sections of satellite imagery and aerial photographs, which had been combined to form a single map covering
the area. In conducting the research to obtain scientific results, general scientific methods of inquiry were applied: abstrac-
tion, analysis, synthesis, grouping, analogy, induction, deduction and modelling; as well as historical-logical, comparative
and systems approaches. The methods of collecting, processing and analyzing information were determined by the specific
objectives of the research.

Results. The results of an analysis of how objects appear in satellite and aerial photographs are presented; the geometric
dimensions of such objects are analyzed, along with the resulting required resolution for the imagery.
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Conclusions. Based on the material reviewed, it can be concluded that the optimal method for monitoring construction is
the use of aerial photography from aeroplanes and unmanned aerial vehicles; the use of ultra-high-resolution satellite imag-
ery is also a possibility. The examples given have shown which of the objects of interest will be distinguishable in the images,
and this will therefore make it possible to interpret them and determine their location.
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BBEJEHUE

Adpo- 1 KOCMHYECKHE CHUMKH MOTYT IIPUMEHATHCS
JUTSE MOHHUTOPHHTA CTPOUTEIIECTBA C IIOMOIIBI0 MU PO-
BO#l poTorpammerpuyeckoir o0padboTku. Tema MoxeT
OBITH OTHECEHA K pa3/iely HH(OPMAIIOHHOTO odecreye-
HUSI MH)KEHEPHBIX M3bICKAaHUH M CTPOMTENLCTBA. AKTY-
AIBHOCTH ONPEIENSIeTCs TEM, UTO eIlle He BCE BO3MOXKHO-
CTH BHEAPCHNUS HUPPOBBIX TEXHOIOTHIA, NCTIOTB30BAHHS
JIUCTAHIIMOHHBIX METOIOB 30HINPOBAHIS H ICKYCCTBCH-
HOT'O MHTEJUIEKTA PeaIn30BaHbl B C(hepe CTPOUTENBCTBA.
CHUMKH SIBJISIIOTCSI HE TOJIBKO PacTPOBOM MOMAJIOKKOM
JUISl BEKTOPHBIX KapT, @ HICTOYHUKOM JIaHHBIX, HAlleICH-
HBIM Ha MPOCTPAHCTBEHHBINH aHAJIHU3 U TIOCTPOCHHUE MO-
Jiesied IPUHSTHS YIIPABIECHUECKUX PEILEHHH.

[IpumMeHeHne MaTepraIoB adPOKOCMHYECKIX Che-
MOK TTO3BOJISICT TUCTAHIIMOHHO MOTyYHTh KA4eCTBCHHYIO
1 JJOCTOBEPHYIO IIPOCTPAHCTBEHHYIO HH(POPMALIHIO.

Heticteyronvu [OCTamu' 2 perynupyrorcst Bo-
MIPOCHI BBITOJIHEHUST a9POPOTOCHEMKN M TIPUMEHEHHS
OecnmiIoTHRIX aBUanMOHHBIX cucteM (BAC) mis mpo-
M3BOJICTBA T€ONIE3NICCKHUX pabOT M M3BICKAHUH B CTPO-
UTETBCTBE.

I'OCT P 59328-2021 «Aspocdorochemka TOIO-
rpaduyeckas. TexHuueckre TpeOOBAHUS) PETYIUPYET
uGpoBy0 a’3pohOTOCHEMKY, KOTOPAsl BBIIOIHSACTCS
JUIsL CO3/IaHusl U OOHOBJICHHUS TOMOTPpaUIECKUX KapT
1 TUTAHOB, MTOJYYCHHUS IPYTUX MIPOCTPAHCTBCHHBIX J1aH-
HBIX. CTaHIAPT yCTaHABIMBAET TPEOOBAHMS K KOMILICK-
cy pabot mo mudpoBoit a3pohoTockeMKe, BKITFOUas Ka-
4eCcTBO, 0(pOPMIICHNE U C/Iauy MOITy4aeMbIX MaTCpHAJIOB.
I'OCT pacnpoctpansieTcs: Ha UCTIONHUTENEH U 3aKa3uu-
KOB ITU(POBOiT a3p0POTOCHEMKH, MPOBOAUMON B IEIISX
TOrorpauIecKoro KaprorpadhupoBaHusi, 00eCICUCHHS
KaZacTPOBBIX pabOT M MCIOIB3YeTCs MIPH MPHEMKE Ma-
TepUaNoB adpoPoTocheMku. OH COACPKUT TPeOOBAHHUS
K a3podoTokamepam (HapuMep, HAJIMIHE EHTPAIBHO-
T'0 3aTBOpa, MOCTOSTHCTBO 3HAYCHUH JJIEMEHTOB BHYTPEH-
HEro OPUEHTHPOBAHMUSI), & TAKXKE MapaMeTpaM ChEMKH:
BKJIFOYAET MPUJIOKEHHS ¢ HOMUHAJIBHBIMHU 3HAUCHUSIMH
MIPOEKTHUPYEMBIX TTEPEKPHITHI a3POPOTOCHUMKOB, JIOITY-

'TOCT P 59328-2021. Aspodorochemka Tororpaduaeckast.
Texnnueckue TpedoBanms. 2021.

2TOCT P 71886-2024. CucteMs! OeCIMIOTHBIE aBHAIHOH-
HbIE B CTPOUTEIIbCTBE, IIPUMEHSIEMBIE JUTS IPOU3BOJICTBA Ie0-
ne3udeckux padbot. 2025.

CKaMH OTKJIIOHEHHH TP OLICHKE (DOTOTPaMMETPHUIECKOTO
KayecTBa MarepraioB u ap. Llens crangapra — TexHU-
YEeCKOe PErylIMpOBaHUE TEXHOJIOTMYECKHUX MPOIECCOB
MIPOEKTUPOBAHUS M OCYIIECTBICHUS TOMOTPaduIecKOn
a3poOTOCHEMKH, yCTaHOBJICHHE TPeOOBaHMIT K 000py-
JIOBAHHIO, KAUECTBY MOJy4YaeMbIX MaTepHalIOB, UX KOM-
TUIEKTHOCTH U O(hOPMIICHHIO.

Crangapt pazpadoran ®I'YIT « CTAHAAPTUH-
OOPM», ®I'BY «llentp reomesuu, kaprorpapuu
u UIT» 1 OO0 «'eockany mpH y4acTHH TEXHUYECKOTO
komuTeTa 1o cranaapruzauun TK 404 «I'eonesus u kap-
Torpadus».

Cranmapt paspaboran AO «Haydno-uccueno-
BaTeNbCKUH LEeHTp “CTpOUTENbCTBO”» COBMECTHO
¢ HUMXB um. A.A. I'Bo3neBa npu yuactuu oosiee 30
MPO(QHUIBHBIX OPTaHU3ANNI B paMKaX TEXHHYECKOTO KO-
muTterta 1o crangaptuzauuud TK 465 «CTpouTenscTBoy.
Crannapt BBeneH B aeiicteue 1 despais 2026 1. ¢ mpa-
BOM JIOCPOYHOTO ITPUMEHEHHS.

Krnaccudaeckue momxoas! K (poTorpaMMeTpudeckoi
00paboTKe adpo- 1 KOCMUYECKHX CHUMKOB M TPUMEHEHHUE
MaTepHaIoB CheMKH B Pa3IMYHBIX OTPACIISIX SKOHOMHKH
onucanbl poccuiickumu aBropamu H.J. Unbunckum,
A H. JlobanoBeiM, b.K. Manssckum, A.W. O0upaioBsim,
A.A. ®octrkoBeM [ 1-3].

B 3apyOeKHBIX U3AaHUSAX PUBEICHBI MaTECPHAIBI
MO TMOJyYeHHI0 U u(poBoil 00paboTke MarepuaIoB
JIUCTAHIIMOHHOTO 30HaMpoBaHus (aBTopshl J. Albertz [4],
H. Ziemann [5]).

W3 4uncna aBTOPUTETHBIX NCTOYHUKOB JIUTEPATYPBI
HEOOXOJMMO OTMETHTh KHUTH U CTaThbH TaKUX aBTOPOB,
kak A.I. UnOyrmaes [6] u C.A. KagamgaHckuii ¢ cOaBT.
[7-10].

B xuure A.I. UnOynraeBa «DoTorpaMMeTpust: y4aeo-
HUK /7151 By30B» 6] IpeCTaBIeHbI JEHCTBYIOIINE HA ce-
TOJHSIIITHUH JICHb MOJIXO/bI K TEOPHHU U IPAKTHKE TOJTY-
YeHUs1 1 00PaOOTKH CHUIMKOB B COBPEMEHHOM M OTHOBPE-
MEHHO KJTACCHYECKOM M3JIOKEHHH. PaccMOTPEHBI BOITPOCHI
MPOEKTUBHO# ()OTOrpaMMETPHH 1 aBToMaru3aiyu (Goro-
rpaMMETPUYECKUX M3MEPEHUM, BBITIOIHAEMBIX 110 HU(-
POBBIM M300paKEHUSAM, CO3MaHUSI MUPPOBBIX MOIETCH
MOBEPXHOCTH pelibea, MECTHOCTH U OpTO(OTOILIAHOB,
BO3/IyILIIHOE M HA3EMHOE JIa3epHOEe CKaHUpOBaHue, GoTo-
TpaMMETPUICCKUE METOIBI 00paboTKH H300pakeHuH,
MOJYYEHHBIX CKaHEPHBIMH CHEMOYHBIMU CHUCTEMaMH,
TEXHOJIOTHS a3pO(oTOTONOrpadh MIeCKOM CHEMKH, & TAKKE
BOITPOCHI Ha3eMHOH (hoTorpammeTpru [6].
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B monorpagpuu C.A. Kaguuuanckoro «Aspodoro-
rpamMMmeTpusi U aspodororoniorpadus» [7] ncenemyrorcs
TIOAXOMBI K IIU(PPOBOHA (POTOTpaMMeTpHuIecKolt 00padoT-
K€ C MMO3MILHUHI TOYHOCTH U JIETAILHOCTH N300paKeHN i,
NIPUBE/ICHBI CBE/ICHNSI O COBPEMEHHBIX ChbEMOUHBIX CH-
CTeMax M OLEHKE TOYHOCTH PEe3yIbTaTOB M3MEPEHHI,
BBITIOJIHSIEMBIX 110 TAKUM CHUMKaM, U aJITOPUTMBI peliie-
HUS HEKOTOPBIX 3ajau. Taxoke [7] paccMoTpeHa Teopus
00pabOTKH CHUMKOB, 0COOCHHOCTH, CBOWCTBA U XapaK-
TEPUCTUKHU IUPPOBBIX a3pOPOTOCHUMKOB. YKa3aHbI Me-
TOJIBI ¥ TEXHOJIOTMYECKHUE IPOLIECCHI a3pOOTOTONOrpa-
(huaecKoil CheMKH, BKITFOUasi pabOTHI IO COCTABICHUIO
opuruHaina rornorpaduyeckoil kaptel U riaHa. [Ipen-
CTaBIICHHBIE B Tpy/e [7] pe3yabTaTsl pa3inuyHbIX IKC-
MIEPUMEHTAIIBHBIX Pa0OT MOYKHO HCTIOIB30BATh IS ILIa-
HUPOBAHMS M ONTHMHU3ALUN TEXHOJOTUH MOJTYYCHHUS
nHpopMannu 1o a’podorocHNMKaM, BEIOOpA mapame-
TPOB 00pabOTKH HH(POPMALIHH U 000PYIOBAHNS.

[To TeMe MOHHUTOPUHTA CTPOUTEIHCTBA OITYOIIHKO-
BaH psx padot™ * °. MarepuaJibl 1 UCCIICIOBAHMS, TPUBE-
nennble B mpeseHTari AO «TeppaTexy, ncmonp30BaHbI
npu peanusanyu Moayist «Ctpoii-Kontposby miardop-
Mol «L{udposas 3emisp» Pockocmoca.

Bompocam npuMeHEHHsI a’3po- M KOCMHYECKHX
CHHMMKOB U HCKYCCTBEHHOTO MHTEIUIEKTA B CTPOUTEIIHCTBE
nocasitiensl uceaenoBanus b.C. Cagosckoro u U.M. Cy-
TyruHoii [11, 12], a Taroke M.M. 3u6poga [13, 14].

C.A. ApOy30BbIM pazpaboTaHa METOAHMKA MpPUME-
HEHUS! SIPKOCTHBIX, IPOCTPAHCTBEHHBIX W T€OMETpHYC-
CKHX TIPU3HAKOB B KOMIUIEKCE JUIS1 aBTOMaTH3HPOBAHHOTO
nemnppupoBaHusi a3po(HOTOCHUMKOB M KOCMHYCCKUX
CHHMMKOB, 4TO JIa€T BO3MOXHOCTb ITOBBICUTH TOYHOCTb
OIIPE/ICIICHNST I3MEHEHHI Ha 3aCTPOCHHBIX TEPPUTOPHSIX,
B TOM YHCJIE YCTaHOBJIEHHE BBICOT 3[aHHH, a TAK)Ke MOHH-
TOPUHT X071a CTpouTenseTBa [13].

Hcnonb3oBaHne NaHHBIX KOCMHYECKON CBHEMKH
CBEPXBBICOKOTO Pa3perleHus i pelIeHus 3a1ad Tep-
PHUTOPHAIBHOTO 30HHUPOBAaHMS PacCMOTPEHO B padoTte
0O.®. Topcynonoii [15].

B crarbsix ML A. llerosa, A.1. Kapenoa, A.A. Maiio-
poBa, A.A. ITaBIOBCKOTO IpeiCTaBIeHbI METOIBI TPUME-
Herns [ IC-TexHOMOTHiA IPH KOHTPOJIE CTPOUTEITBCTBA

3 BMecTo reofe3ucta 1 OXpaHHHUKa: Kak OeCIHIOTHUKH HC-
MONB3YIOTCA B cTpouTenbeTBe // ['eockan. 2022. URL: https:/
www.geoscan.ru/ru/blog/vmesto-geodezista-i-okhrannika-
kak-bpla-ispolzuyutsya-v-stroitelstve?ysclid=mm2xi4xy
4d319006035

4 Tpesenranus AO «TeppaTex». KocMuuecknit MOHUTOPHHT
CcTpouTeNnbHBIX pabot. 2026. URL: https://terratech.ru/solu-
tions/construction/?ysclid=mm3gx2272u4091267

5 M3y4eHne BO3MOKHOCTEH HCIONIB30BAHUS CIYTHUKOBBIX
CHHMKOB U JaHHBIX APOHOB IJISI KOHTPOJIS 32 XOAOM CTPOH-
TenbHBIX paboT. 2025. URL: https://gisproxima.ru/izuchenie
vozmozhnostey?ysclid=mm2xr82yv899424591
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C KCIOJIB30BaHNUEM JIAHHBIX a9PO- K KOCMHYECKHX ChEMOK
Y MOHHTOPUHT OOBEKTOB CTPOUTEIBCTBA HKEIC3HOTOPOXK-
HOI nHQpacTpykTyps! ¢ nomornipio napopmaryu ¢ BAC
[16, 17].

M.A. [Tnotuukosa u E.I1. X1eOHMKOBa H3yUYarOT
BOIPOCHI BBISBIICHHS H3MEHEHUH HA TEPPUTOPUH TOPOJI-
CKOT'O IPOCTPAHCTBA, CBSI3aHHBIX CO CTPOUTEIIHLCTBOM HO-
BBIX 00BEKTOB, pEHOBALIMEH 1 PEKOHCTPYKIIHEH, C TIOMO-
IIBIO IAHHBIX JIMCTaHIIMOHHOTO 30HMpoBanus. B pabore
NPOBEJICH aHAJIN3 aJlTOPUTMOB ABTOMATH3HPOBAHHOTO
BBISIBIICHUS] I3MEHEHHH 110 Pa3HOBPEMEHHBIM KOCMHYE-
ckuM cHuMKaM B porpamme ERDAS IMAGINE 2010.
OmnpenerneHbl (aKTOPbI, KOTOPbIE HEOOXOIUMO YUHThI-
BaTh NPH MOHUTOPHHTE TOPOICKHX Tepputopuii [18].

Bonpocam 00paboTku a3po- U KOCMUYECKUX CHIM-
KOB JJISl pEIICHUS TPaJOCTPOUTENBHBIX 3a1ad (Kiac-
cudpukanuu GoTorpaMMeTpHUIECKHX 00JaKOB TOUEK,
HOJIy4EHHBIX I10 CTepeoIapaM KOCMHYECKIX CHUMKOB)
B IIpOrpaMMHOM KoMmiuiekce Photomod mocssimena cra-
Tbs1 P.B. Tlepmsikosa [19].

B nenom, npoaHan3upoBaB UMEIONIyrocs HHHOP-
Mallfio, MOXHO CJIeNIaTh BBIBOJI, YTO TeMa MOHUTOPHHTA
CTPOUTEIIHCTBA 110 a3PO- U KOCMUYECKUM CHUMKAM aKTy-
aJIbHa, €CTh PsiJ padoT, B KOTOPBIX MPOBE/ICH aHAIM3 BO3-
MOYKHOCTEW IPHUMEHEHHS a3p0- M KOCMHYECKHUX CHUMKOB
B CTPOUTENBHOMN cepe, HO MOXKHO TaKXKe CEIaTh BbI-
BOJI, YTO €IlIe He BCE acIeKThI 9TOr0 BONPOCa H3y4YeHbI,
TpeOYIOTCS JOTIOJTHUTENBLHBIE UCCIIEJOBAHMS.

MATEPHUAJIBI U METO/JbI

C uenplo aHanu3a oToOpakeHUsI Ha NHU(POBBIX
CHUMKaX OOBEKTOB CTPOHTENIBCTBA, CTPOUTEIBLHON TEXHHU-
KH M CTPOUTEIILHBIX MaTepHaJIOB IIPUMEHEHBI MaTepHaJIbI,
MOJTyYEHHBIE U3 MOMCKOBO-NH()OPMALIMOHHON KapTorpa-
(raeckoii ciry»x051 STHnekca SunexkcKaprsl. Mcrons3osa-
HBI MaTepuaIbl 1711 . MOCKBBI: (pparMeHThI KOCMHYECKHX
CHHUMKOB 1 HH(OpMALHs a3po(hOTOCHEMKH, COSANHEHHbIE
B €IMHOE MTOKPBITHE TePPUTOPHUH. J{11s1 aHAIM3a BBITOITHEH
TIOHCK (pParMEHTOB MOKPBITHS HA TEPPUTOPHUH CTPOHTEIb-
HBIX IUIOIIAJOK, PAaCIOJIOKEeHHbIX B I. Mockse. Takxke
NpoaHaNIM3UpPOBaHa padoTa’, coeprkariast IPUMEpbI a3po-
1 KOCMHUYECKHUX CHUMKOB, TIOJTy4€HHBIX PA3TINYHBIMU Che-
MOYHBIMH CHCTEMaMH, IPUMEHSIOIIMCS B [ epManmn.

IIpu mpoBeneHUH UCCIIEAOBAHUS JUIs TOTyUEHUS
HAy4HBIX PE3YJIbTAaTOB MPUMEHSINCH OOIICHAYyYHBIC
METO/IbI TIO3HAHUS: abCTparupoBaHue, aHaJIu3, CHHTE3,
TPYIIIHPOBKA, aHAJIOTHS, MHIYKIHUS, AEAYKIHS; MOJE-
JIUPOBAaHUE, UCTOPUKO-JIOTHUECKUN, CPAaBHUTEIIBHBIH,
CUCTeMHBIH moaxon. [Ipremsr cbopa, 06padoTKH 1 aHa-
J1M3a MH(POPMAIMH OTPEACIISUTICH KOHKPETHBIMU LEISIMH
HCCIIE/IOBaHUSL.

¢ Flying Camera. Learning from the Bird's Eye View Geog-
raphy in Aerial and Satellite Pictures // DoersdorfGermany.
2026. P. 25.
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PE3YJIBTATHBI HCCIEJOBAHMUSA

Ha CeFO}IH)HHHI/Iﬁ JACHDb I OCYIIECTBICHUA MOHH-
TOpHHTA CTPOUTEIIBCTBA JOCTYIIHBI JAHHBIC psiia pOC-
CUICKMX U 3apy0eXHbIX CyTHUKOB. Taioke B 2025 T.
Poccus 3amycTina 28 CIyTHUKOB Pa3IMYHOTO Ha3Haye-
uus. CormacHo craree P. IlepsimioBa «Mtorn 3amyckoB
KocMHuUYecKkux ammnapartoB /[33 u TeHAeHIHH oTpaciu
B 2025 romy»: «Ha 2026 I. IepeHecIuCh TIaHbl Pockoc-
MOca T10 3aIlyCKy THAPOMETEOPOIOTHUYECKOTO anmapara
Ha BBICOKOH op6ute Dmektpo-JI Ne 5. Cpean gacTHBIX
kommanuit B 2026 . ['K «CryTHUKC» TITaHUPYET BHIBE-
CTH Ha opOuTy anmapar KHHOCIyTHHK ¢ pa3penieHueM
0,8 m/mmuke, a koHcopimyM OO0 «MT-JIAB» u «Ctui-
cop» — ammapar KOSH c paspemenunem 0,5 m/muKc.
Kpome toro, oxxmmaercs, uro B 2026 T. Ha 3aKyIKy OaH-
HBIX JI33 y 9acTHBIX M TOCYapCTBEHHBIX CITyTHUKOBBIX

KOMITAaHUH BBIACJICHO MJIA TOCYAAPCTBEHHBIX 3aKa3YNKOB
5 Mupa pyoueit u3 deaepambHOTO GoHIAY .

J1ss MOHUTOPHHTA CTPOUTEIHCTBA XOPOIIO IO~
XOIIAT TI0 pa3perIaroneil cmocoOHOCTH U MH(pOpMaTHB-
HOCTH KOCMHYECKHE CHUMKH OT ammaparoB «Pecypc-I1»,
00eCIeunBaloINX BBICOKOAETAIBHYIO ChEMKY MECT-
HOCTH, TaK)Ke JIaHHbIE armaparoB BBICOKOIO pa3pelie-
Hust «Kanomyc-By, «Auct-2T» 11 crepeocheMKH U 1o-
JydeHus UQPOBBIX KApT MECTHOCTH.

Ha puc. 1-4 npusenensl npumMepsl GpparMeHTOB
KOCMHUYECKHX CHIMKOB (ONTHYECKas ChEMKA) CO CITyT-

" lepmsikog P.B. VIToru 3amycKOB KOCMHYECKHX alapaToB
1133 u renpenmn orpaciu B 2025 roxy. 2025. URL: https:/
racurs.ru/press-center/articles/obshchie-voprosy/itogi-za-
puskov-kosmicheskikh-apparatov-dzz-i-tendentsii-otrasli-v-
2025-godu-/?ysclid=mm3tb0tg1a745825371

b

Puc. 1. ®parMeHT KOCMHYECKOTO CHUMKA CO cITyTHHUKA: @ — Pecype-I1 (poccuiickuii rocyaapcTBEHHBIH CITyTHUK), TIPOCTPAH-

cTBeHHOE paspemrenue — 0,7 m; mmpuHa kagpa — 38 km; b — Kanomyc-B, paspemerne Ha MecTHOCTH — 2,5 M
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Puc. 2. I'pynnupoBka poccuiickux rocyjapCcTBeHHbIX cIyTHUKOB Kanomyc-B ¢ mpocTpaHcTBeHHBIM paspemieHueM 2,5 M
Ha MUKCell

Puc. 3. Kommepuecknii poccutickuii cmytnuk CTUJICAT ¢ nmpocTpancTBeHHBIM paspentenuem 0,5 M Ha nukcen. Oneparop
CIYTHHMKa — 4acTHasg kocMuueckas kommanust CTUJICIIDUC

Puc. 4. ®parmeHT kuTaiickoro kocMuaeckoro caumka Jilin-1 (EarthScanner) ¢ paspemennem Ha MmecTHOCTH 0,5 M Ha TIHIKCET,
mupuHa Kagpa — 150 km
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HHKOB, TOCTYIHBIX 171 3aKka3a Ha caiire AO «TeppaTex»
POCCHICKHAX KOCMUYECKUX CHCTEM®,

Jns monydeHus aBTOMAaTHYECKOM SKCHEpPTHOM
AQHAJINTUKN O CTPOUTENBHBIX IJIOMIAKaX MO KOHKPET-
HBIM 00BEKTaM MOYKHO HCIIOJIE30BaTh OOJIAYHBIN CEPBIC
«udposas 3emisi» Moyib «CTpoii-koHTpoiby. B pam-
Kax 3TOro CepBHCa JIOCTYITHO MOy4YeHHe nH(opMaum
0 COCTOSIHUH KOHKPETHBIX 00BEKTOB, 3aJAHHBIX T10 KOOP-
JIUHATaM; aHAJIUTHKA, MOTy4YCHHAs] HA OCHOBE JAHHBIX
KOCMHYECKHX CHEMOK M CHEMOK C BO3AyXa. TOYHOCTH
TEOTIPHBS3KH MaTePHAaIOB cOCTaBIsIeT 10 M.

MOHHUTOPUHT CTPOUTEIHCTBA MOYKHO MPOBOIUTH
1 B OPTaHM3AIUAX HA OCHOBE MH(DOPMAINH TUCTAHIIH-
OHHOTO 30HAMPOBaHUS 0€3 HMCIIOJIb30BaHUS CEPBHCA,
MPUMEHSIS CIIelMaibHOe 000pyI0BaHUE, IPOrPaMMHOE
o0ecrieueHre U CBENEHNS CHEMOK.

8 Onruueckas cpemka. URL: https://terratech.ru/data/optika/

Kocmuueckuii MOHUTOPHHT CTPOUTENBHBIX padoT
MOYKET BKJIFOYATh B ce0sl CTICAYFOIIHE BHIBI padoT: orpe-
JICJICHUE CTAIUI CTPOUTENIBCTBA, UICHTH(DUKAIINIO pabo-
TaOLLEH Ha CTPOUTEIbHON IIOIAJAKE TEXHUKH; MOHHU-
TOPHHT KapbhepOB; KOHTPOJIb 00BEMOB 3EMIITHBIX PadoT,
03€JICHeHUS TEPPUTOPUH, XOIa CTPOUTEIIECTBA; MOHUTO-
PHHT aKTUBHOCTH paloT.

Hapuc. 5-9 npuBesieHbI prMepbl 0TOOpaKeHHsI BbILIIe-
Ha3BaHHBIX MPOIECCOB HA MaTepHaax, MOJTYYCHHBIX
u3 SAunexcKapr Brnagku «Crytauky». Ha SanexcKaprax
ObLIa OTMETKa, 4TO MaTepualbl nomy4eHs! B 2024 . u3 pe-
3yJIBTATOB a3pO(OTOCHEMKH Ha TEPPUTOPHIO T. MOCKBBIL

Kak mHCTpYMEHT JJ1s1 MOHUTOPHHTA CTPOUTEIHCTBA
SunexcKapTel He MOXKET OBITh HCIIOJIB30BaH B CBS3H
C TeM, 9TO HET BO3MOXXHOCTH MOIYYUTh WH(POPMAILIHIO
0 JIaTe MPOBENICHUS ChbEMOK, TOYHBIX TapaAMETPax CheM-
KM, a TaK)Ke HET MaTepHalioB C ONPEACICHHBIM BpEMEH-
HBIM UHTEPBAJIOM JJI1 MOHUTOPHHTA X0Ja CTPOUTECIIh-

a»o

Puc. 5. BypoBsie 1 3eMisiHBIC paOOTHI

Puc. 6. Can

a7
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Puc. 7. Bo3Benenune staxeit

Puc. 8. BHyTpeHHSs 1 BHEIIHS OTJeNKa, 0J1aroycTpoiCcTBO TEPPUTOPUN

Puc. 9. Onpenenenne paboTaromei TEXHUKH — KpaH
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NaeHTUdUKAUWA CTPOUTENBHON TEXHUKK

o4 rockocmoc  EYTeppaTex

BypuabHO-C

AHAA MaLLIMHA

WNoeHTUDUKALMA CTPOUTENBHOM TEXHUKK

ﬂ Aapoduroceemss

M’ pPoCKOCMOC

gTePpaTe_x

EypoBas mawuHa

Camocsan

Puc. 10. Unentuduxanus CTpOUTENFHON TEXHHKH Ha KOCMHUYECKHX W adPOCHUMKAX (@); MACHTHU(PHUKALUS CTPOUTEIHHOI

TEXHUKU Ha KOCMHUYCCKHUX CHUMKax B CPaBHCHUHU C Ha3eMHOU CheMKOM (b)

crBa. Ho 171t penieHust HEKOTOPBIX NCCIIEI0BATEIbCKIX
3a71a4 HHCTPYMEHT HOJIXO/IHT.

Ha puc. 10, 11 MoXHO cpaBHHUTH 0TOOpayKEHHE CTPO-
UTEJIBHOW TEXHUKU HA CHUMKaX M3 KOCMOCA ¥ MOJITyYeH-
HBIX I10 MaTepraiaM aspodhoToCheMKn?.

OrieHuBas mpeIcTaBicHHbIC Ha puc. 10 n3obpaxe-
HUSI TEXHUKH, MOJKHO CKa3aTbh, YTO TOYHO ONPEIEIIUTh
MOJIeJIb TEXHUKH BO3MOXKHO MO adpodorocHrMKaM Oia-
romapsi BEICOKOH pa3pemnraromei crmocoOHOCTH TaKUX
CHUMKOB. [T0 KOCMHYECKUM CHIMKaM 3TO C/IENIaTh CIO0XK-
Hee, IIPH ATOM JIOCTYITHO yCTaHOBJIEHHE (haKTa MPHCYT-
CTBHS MAIlIMH OIPEEIICHHOTO BUAA HAa CTPOUTEIBEHON
IUIOMIAIKE.

Taxoke akTyaJbHBIM SBISIETCS ONPEEICHHE U KOH-
TPOJIB IO A3PO- U KOCMHYECKHM CHUMKAM CTPOUTEIIBHBIX
MarepuanoB Ha o0bekTe (puc. 11 mo marepranam Teppa-
Tex Pockocmoca).

[IprMeHeHwe Tex WK UHBIX BUJIOB CHUMKOB JIISI MO-
HUTOPHHTA CTPOUTEIHCTBA OyJET 3aBUCETh B OOMIbIICH

CTETeHH OT TPEOOBAHMI K OTOOPAYKEHIIO MEITKHX JICTANICH
Ha CHUMKaXx, 4YeM OT TPeOOBaHMil K TeOMETPHYECKON TOU-
HOCTH.

B xnure C.A. Kagunuanckoro «AspodoTorpam-
MeTpus 1 adpodoToTonorpad s TPUBEICHBI CBEICHHS
0 TEXHUYECCKOM 00ecIieueHUH adpohOTOCHEMKHU, METO-
JlaX ¥ TEXHOJOI'MYECKHX MPOIECccax CheMKH, XapaKTe-
PUCTHKH a3POCHEMOYHBIX KaMep, ITOIXO/bl K OLCHKE
TOYHOCTH MAaTEPUAJIOB M pa3pellaroiieil CllocOOHOCTH
CHMMKOB, B TOM YHCJI€ CBEICHUS, KOTOPBIC MPECTaB-
JeHbl B Ta0I. 1: peKoMeHJOBaHHBIC 3HAYEHUS pa3Me-
pa MuKcelss Ha MECTHOCTH JUTSI pa3JInYHBIX BAPHAHTOB
MaciTaboB IIaHa Wik KapTsl [7].

Taxoke Ha BEIOOp ITApaMETPOB ChEMKH OyIET BIHSTH
peasbHbIi pazMep 00bEKTOB, KOTOPBIC MBI IITAHUPYEM
oTpenenaTh (MACHTH(GHUIUPOBATE U eMH(pPUPOBATH)
10 CHUMKaM, Ha MECTHOCTH.

B Tabin. 2 nmpuBeseHb BApHAHTHI 0OBEKTOB, TIPH-
Be/IeHHbIEe Ha puc. 5—11, b, OpHEHTHPOBOYHO yKa3aHBI
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CknaaupoBaHue CTpoiMaTepuanos A pockocmoc Y TeppaTex

|y - " Ll
—_. wm* :

CkJ1aIupoBaHue CTpoiMaTepuanoB

BeronHble kobla

b

Puc. 11. CxiagupoBaHue cTpoHMaTepHalioB: @ — JIOCKH, IIEHOOJIOKH, CTCHOBBIC TAHEIN B YIAKOBKE W OCTOHHBIC KOJbIIA
U TpyOBI; b — apmarypa, OETOHHBIE KOJIbIa, OETOHHBIC OJIOKH, THAPOU3OIISIIHS

Ta6u. 1. PexoMeHyeMoe HOMUHAIbHOE MPOCTPAHCTBEHHOE paspelicHne a’pohOTOCHUMKOB JUIsi TIOCTPOCHHS TOIOTpa-
(h1YeCcKOro MmiaHa Wik KapThl

Macmita6 Tonorpadu4ecKkoro riaHa Ml KapThl PexoMeHIyeMBlii pa3Mep ITHKCeIIsl Ha MECTHOCTH (He 6oiee), cM

1:500 6

1:1000 9

1:2000 20 (14 nas TEppUTOPUH TOPOJCKHX HACEICHHBIX ITyHKTOB

C MHOTOYTaXXHOU M TJIOTHOH 3aCTPOIKOI)

1:5000 30

1:10 000 50

1:25 000 70

MUHHMAIIEHBIE pa3Mephl 0OBEKTOB MIIH AJIECMEHTOB 00b- JIONOAHUTENBHO CIAEAYET OTMETUTh, YTO TOHKHE

€KTOB, KOTOpBIE JIOJDKHBI 0TOOpa)kaThCsl HA CHUMKaX. TPOTSHKEHHBbIE OOBEKTHI (HApHMep, apMarypa, JOCKH,
J14 9THX BapUaHTOB MOKA3aHbl HEKOTOPBIE MOAXOSIIINE  JIEKTPOIPOBOAA) OyAyT pa3aeinbHO pasIuIUMBbl U JTydIIe
TI0 TTapaMeTpaM CHUMKH. pacrio3HaBaThCs Ha CHUMKAX, YeM KOMITAKTHBIE 00beK-
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Tao6J1. 2. Bapuantsl pa3MepoB 0OBEKTOB CTPOUTENBHON IJIOMIAKH HA MECTHOCTH

OOBEKTHI

Pa3mep 00BEKTOB M HX 3JIEMEHTOB Ha MECTHOCTH
(VM HMpHHA Pa3MBITOCTH TPAHUIIBI 00bEKTa
Ha MECTHOCTH), M

CHUMKH, Ha KOTOPBIX
OHH OyIIyT OTOOpaKkaThCs
pazaenbHo

Cmaouu cmpoumenscmaa

BypoBble u 3eMiIsiHBIE

Texuuka (ouepranus, Gpopma) — 1,00 m

AspocbeMKa ¢ pazpereHneM

pabotsl (anemeHTs penbeda, | 0,50 m 0,06-0,10 M Ha MECTHOCTH.
TEXHHUKA) 0,30 m Kocmuueckas chemka
0,10 m C pasperieHreM
0,30-0,50 m
JKene3obeToHHBIEC CBan 0,20-3,00 m AdpocreMKa ¢ paspereHeM

0,06-0,10 M HA MECTHOCTH.
Kocmuueckas chemMka

C pasperieHrneM

0,30-0,50 m

BosBenenne sraxeit (CTeHbI),
BHYTPEHHSISI U BHETITHSIS
oT/IeNKa

Jy1st Hapy>KHBIX CTEH B yMEPEHHBIX IHPOTaX CTAaHJapTHAsI
tommuHa — 0,51 M (B 2 kupnu4a). B ceBepHBIX

peruonax — 0,64 MM (B 2,5 kuprya).

JIIst BHYTPEHHUX CTEH HCIIOB3yeTCs KIIaJKa

ToauHoi ot 0,25 mo 0,38 M.

JIJIs1 ME>)KKOMHATHBIX, MEXKKBAaPTHPHBIX M O(UCHBIX
CTallMOHAPHBIX Neperopofok — He Menble 0,12 m

AbdpocheMKa ¢ paspelieHHeM
0,06-0,10 M HA MECTHOCTH.
Kocmuueckast cbemka

C pasperieHueM

0,30 m

Cmpoume/lbuaﬂ mexHuxka

Byposas mammna, camocsai,
KpaH, 9KCKaBaTop (3JI€MEHTHI
TEeXHMKH, HalpHMep Kojeca,
(hapsbl, KPBUTB)

0,10 m

AnpocheMKa ¢ pasperieHueM
0,06-0,10 M HA MECTHOCTH

Cmpoumerbele Mamepuaivl

Jlocku Tommuna 0,013-0,016 M — 171 0OIIUBKY; AdpocheMKa ¢ pa3penieHueM
0,020-0,025 M — 15 11OJIOB, NIEPETOPO/IOK; 0,06-0,10 M Ha MECTHOCTH
0,040-0,050 M — 151 HECYIMX KOHCTPYKIHH, ONATyOKH;

110 0,075 MM — 1 0c000 HAarpy)KEHHBIX DJIEMEHTOB
Ileno6noku I'abapurer 0,60 x 0,30 x 0,20 M AdpocheMKa ¢ paspereHeM
0,06-0,10 M HA MECTHOCTH.
Kocmmueckas cremka
¢ paspemenueM 0,30 m
Apwmartypa (TIpyTKOBast) Juametp ot 0,01 M u Gonee AbspocbeMKa ¢ pa3petieHueM

0,06-0,10 M Ha MECTHOCTH

Beronnsie xoiba

Huamerp ot 0,70 10 2,50 m

AbdpocheMKa ¢ pa3perieHreM
0,06-0,10 M HA MECTHOCTH.
Kocmuueckast chemka

¢ pazpeuienuem 0,30 m

I'mapounsonsauus (Hanpumep,
PYJIOHHBIE MaTEPHAIBI,
THIPOHU30I])

Hupuna — 1,00 m.
Jmaa — 8,00, 10,00 win 15,00 m

AnpocheMKa ¢ paspelieHneM
0,06-0,10 M Ha MECTHOCTH.
Kocmuueckas chemka

¢ paspemenueM 0,50 m

TBI, HAIIpUMep OJIOKH MPH MTPOYMX PABHBIX 110 pazpele-
HUIO YCIIOBUSIX.

Br160p napameTpoB a’spoOoTOCEEMKH MOKET OBITH
MPEACTaBJIEH CIEAYIOIIEH TOCIEI0BATEIbHOCTBIO JIeH-
CTBU, onMcaHHoM B cTarbe [11]:

«... 1. PaccuMThIBaeTCSI MAKCHUMAJIbHASI JIOITYCTHUMAsT
_pon oh ,rne H
3(Ap) -
BbICOTa (poTOTpadMPOBAHUST; — CPEAHEE 3HAYCHUE TIPO-
JTONBHBIX TTapaJlIaKCOB TOYEK CTEpEomnapsl; O/ — HOTMy-
CTHMasl OIIMOKa OTPEe/IeIeHHs BBICOT; 0(Ap) — ommoka
OIIpe/IeNICHNsI PA3HOCTH MPOIOIBHBIX MAPAJLIAKCOB.

BbICOTA (hoTorpaduposanus: H =

2. PaccunrtbiBaeTcs 3HaMeHaTelb MaclTada CbEMKH:

o

m < —% M, rae m — 3HaMEHaTelb MaclTaba CHUMKA;
CH

8  — IOIyCTHUMask OTPEIHOCTh ONPe/IeIeH s MOJIoMKe-
HHsI TOYKH Ha IUIaHE; 8 — MOTPEIIHOCTh H3MEPEHHUS
TOYKH Ha CHUMKe; M — 3HaMeHaTeNb MaciTada ruiana.

3. KoppekTupyloTcsi BEIYHCICHHbBIE MapaMeTphl
C y4eToM TpeOOBaHUI K UTOrOBOW TOYHOCTH KOHKPETHOU
3aj1auu B c(hepe CTPOUTENHCTBRA.

4. Berancnsercst HOKyCHOE pacCTOSHHE IO popMy-
ne: f = H/m, tae f — GOoKycHOE pacCTOSHHAE KaMepPhD».
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Puc. 12. [Ipumeps! yBenndeHHBIX QparMeHTOB H(POBBIX

ammapara, ¢ OTOOpaKEHHOM Ha HUX TEXHUKOU

Heo0xonumMo 0TMETHTB, YTO CYILIECTBYIOT U IpyTHE
BO3MO)KHBIE METOJJMKI BBIOOpA ITapaMEeTPOB CHEMKH.

Vcnonp3oBaHnEe CheMKH ¢ HEOOJBIION BBICOTHI
JUTS MOHUTOPHHTA CTPOUTENBHBIX IUIOMIA 0K CTAHOBHT-
cst Bce Ooree akTyanbHBIM. [IpiMeHeHNe Takoi aspo-
CHEMKH TI03BOJISIET MOJy4YaTh BHICOKOKAYECTBEHHBIC
CHUMKH 3€MEJIbHBIX YYaCTKOB, OTCIIEKHMBATh X0 padboT
1 OLICHNBATH IIPOTPECC B PEXKHUME PEATbHOTO BPEMEHH.

Jlanee mpuBeaCHBI TaHHBIC 110 PACUETy pa3pele-
HUSI HA MECTHOCTH JUISl ChEMKH, TTOJy4YEeHHON KaMmepon
SonyDSC-RXIR ¢ BITJTA. Ha 3Tux cHEMMKax mocra-
TOYHO YETKO OTOOpa)kaJlach CTPOUTEIbHAsI TEXHHKA,
TPaHHUIIBI 3eMENIbHBIX YYACTKOB, 3aHUs, CTPOUTEIIBHbIC
MarepHabl.

Paccunraem macmrab aspocHrMKa (Tak Kak OH Oy-
JIeT Ha MaTpuIie dpoBoro (oToamnmapara): popmar (pas-
MephI) CHUMKA IS TaHHOH Kamepbl cocTaBuT 6000 pix
(36,0000 mm) Ha 4000 pix (24,0000 Mm).

BeruncimmM Guszndeckuii pasmep MUKCEIst AT KaxkK-
JIOI U3 CTOPOH KaJ/ipa CHUMKA:

* 36 Mm/6000 pix = 0,006 MM = 6 MKM;

* 24 Mm/4000 pix = 0,006 MM = 6 MKM.

3HaMeHaTeIh MacTaba CHIMKA OIPEIIEITHM T10 op-
mymne: 1/m =flH.

» m=12 687,

* /=34 MM — pOKyCHOE pacCTOSTHHAEC KaMepBI;

* H=12 683 - 0,0340925 = 432,53 m — BBICOTa
CHEMKH.

A9POCHUMKOB, IOJIYYCHHBIX C OECITUIOTHOTO JIETATEIILHOTO

Pasperienne Ha MecTHOCTH (pa3Mep MUHUMAIIBHOTO
00BeKTa, KOTOPBIHA OyneT 0TOOpaXkaTkCst Ha CHIMKE) CO-
crasurt pix = 0,006 Mm — Ha caumMke; 0,006 MM Ha CHAM-
ke coctaBuT Ha MectHOCTH 0,006 - 12 687 = 76,122 MM.

Pasmep nukcens wim pasperieHre Ha MECTHOCTH
OyzieT COOTBETCTBOBATH Pix = 7,6 CM.

Ha puc. 12 nmpuBenens! mpuMepsl H300pakeHUST
TEXHUKH JJIsI OMCAHHOT'O BBIIIE MaTepralia ChbeMKH.

3AKJTIOYHEHHUE U OBCYXJAEHUE

Ha ocHOBe paccMOTpeHHOro BhIIIE Marepuala
1 TabJ. 2 MOKHO C/IENaTh BBIBOJ, UTO TSI MOHUTOPHHTA
CTPOUTENBCTBA ONTUMAIBHO NPUMEHEHHE a9POChEMKH
¢ pazpemienreM Ha MecTHocTH OT 0,06 110 0,10 M, Takxe
BO3MOKHO MPHUMEHEHNE KOCMUUYECKOI ChbeMKU CBEPXBBI-
cokoro pasperienus ot 0,30 m. [IpuBeneHHble TpUMeEpPHI
TIOKa3aJIH, KaKhe 00BEKTHI OyIyT Pa3iIMYMMbl HA CHUMKAX.

Hcnosnp3oBanue a’dpoCheMKHU Ui MOHMTOPUHTA
CTPOUTENBHBIX IUIOMAM0K Ooyiee yIOOHBIN BapHaHT,
MOTOMY 4YTO ITO3BOJIUT IPOBOANTH HEOOXOIMMOE KOJIH-
YEeCTBO ChEMOK C 3aJJaHHBIMU MHTEPBajaMU BPEMEHH
C IPUMEHEHHEM 0oJ1ee MPOCTOT0 CHEMOYHOTO 000PyI0-
BaHUsI, YeM ISt a3po(oToCheMKH PO eCcCHOHATEHBIMU
a3poOTOCHEMOUHBIMU Kamepamy [8].

[Tnanupyercs nanpHeiiias padora 1o JaHHOI TemMe
C YYETOM HOJIy9YEHHBIX PE3YIIBTaTOB.
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INTRODUCTION

Aerial and satellite imagery can be used to monitor
construction projects through digital photogrammetric
processing. This topic falls within the field of informa-
tion support for engineering surveys and construction.
The relevance of this topic stems from the fact that not
all the potential for implementing digital technologies,
remote sensing methods and artificial intelligence has
yet been realized in the construction sector. Images serve
not only as a raster base for vector maps, but also as
a data source aimed at spatial analysis and the develop-
ment of models for management decision-making.

The use of aerospace survey data enables high-
quality and reliable spatial information to be obtained
remotely.

Current GOST standards’ ? regulate the conduct
of aerial photography and the use of unmanned aerial

"' GOST R 59328-2021. Topographic aerial photography. Tech-
nical requirements. 2021.

2 GOST R 71886-2024. Unmanned aerial vehicle systems in
the construction industry, used for surveying work. 2025.

systems (UAS) for surveying and exploration work in
the construction industry.

GOST R 59328-2021 “Topographic Aerial Photog-
raphy. Technical Requirements” regulates digital aerial
photography carried out for the purpose of producing and
updating topographic maps and plans, and for obtaining
other spatial data. The standard sets out requirements for
the scope of work involved in digital aerial photography,
including the quality, presentation and delivery of the re-
sulting materials. GOST applies to contractors and clients
of digital aerial photography carried out for the purposes of
topographic mapping and cadastral work, and is used
during the acceptance of aerial photography materials. It
contains requirements for aerial cameras (for example,
the presence of a central shutter and the consistency
of internal orientation parameters), as well as for survey
parameters: it includes appendices with nominal values
for the designed overlap of aerial photographs, tolerances
for deviations when assessing the photogrammetric qual-
ity of materials, and so on. The aim of the standard is to
provide technical regulation of the processes involved in
the design and implementation of topographic aerial pho-
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tography, and to establish requirements for equipment,
the quality of the resulting data, their completeness and
presentation.

The standard was developed by FSUE “STANDART-
INFORM?”, FSBI “Centre for Geodesy, Cartography
and Spatial Data Infrastructure” and Geoscan LLC, with
the participation of Technical Committee for Standard-
ization TC 404 “Geodesy and Cartography”.

The standard was developed by JSC “Research
Centre of Construction” jointly with the A.A. Gvozdev
Research Institute of Concrete and Reinforced Concrete,
with the participation of more than 30 specialized orga-
nizations within the framework of Technical Committee
for Standardization TC 465 “Construction”. The stan-
dard came into effect on February 1, 2026, with the right
of early application.

Classical approaches to the photogrammetric pro-
cessing of aerial and satellite imagery, and the application
of such imagery in various sectors of the economy, are
described by the Russian authors N.D. Ilyinsky, A.N. Lo-
banov, B.K. Malyavsky, A.I. Obiralov and A.A. Fostikov
[1-3].

Foreign publications contain material on the acqui-
sition and digital processing of remote sensing data (au-
thors: J. Albertz [4], H. Ziemann [5]).

Among the authoritative sources in the literature, it
is worth noting the books and articles by authors such
as A.G. Chibunichev [6] and S.A. Kadnichansky et al.
[7-10].

A.G. Chibunichev’s book “Photogrammetry: A Text-
book for Universities” [6] presents current approaches to
the theory and practice of image acquisition and process-
ing in a modern yet classical style. It examines issues re-
lating to projective photogrammetry and the automation
of photogrammetric measurements carried out using digi-
tal images, the creation of digital models of terrain and to-
pography as well as orthophotos, aerial and ground-based
laser scanning, photogrammetric methods for processing
images obtained by scanning survey systems, aerial photo-
topographic surveying technology, as well as issues relat-
ing to ground-based photogrammetry [6].

In S.A. Kadnichansky’s monograph “Aerial Photo-
grammetry and Aerial Phototopography” [7], approaches
to digital photogrammetric processing are examined from
the perspective of image accuracy and detail; information
is provided on modern surveying systems and the assess-
ment of the accuracy of measurements derived from such
images, along with algorithms for solving certain prob-
lems. Furthermore, [7] examines the theory of image pro-
cessing, as well as the features, properties and character-
istics of digital aerial photographs. It outlines the methods
and technological processes involved in aerial phototopo-
graphic surveying, including work on the compilation of
the original topographic map and plan. The results of vari-
ous experimental studies presented in [7] can be used to
plan and optimize techniques for extracting information
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from aerial photographs, and to select parameters for in-
formation processing and equipment.

A number of papers have been published on the sub-
ject of construction monitoring® * °. The materials and
research cited in the presentation by TerraTech JSC were
utilized in the development of the “Stroy-Kontrol” mod-
ule for Roscosmos’s “Digital Earth™ platform.

The research by B.S. Sadovsky and I.M. Sutugi-
na[11, 12], as well as that by M.M. Zibrov [13, 14], is
devoted to the application of aerial and satellite imagery
and artificial intelligence in construction.

S.A. Arbuzov has developed a methodology for
the combined use of brightness, spatial and geometric
features for the automated interpretation of aerial and
satellite imagery, which makes it possible to improve
the accuracy of identifying changes in built-up areas, in-
cluding determining building heights, as well as monitor-
ing the progress of construction [13].

The use of ultra-high-resolution satellite imagery
for land-use zoning is discussed in the work by O.F. Tor-
sunova [15].

Articles by M.A. Shcheglov, AL Karelov, A.A. May-
orov and A.A. Pavlovsky present methods for applying
GIS technologies to construction supervision using aerial
and satellite survey data, and for monitoring railway in-
frastructure construction projects using information from
the BAS [16, 17].

M.A. Plotnikova and E.P. Khlebnikova investigate
methods for identifying changes within urban areas as-
sociated with the construction of new facilities, reno-
vation and reconstruction, using remote sensing data.
The study analyses algorithms for the automated detec-
tion of changes using multi-temporal satellite imagery
in the ERDAS IMAGINE 2010 software. It identifies
the factors that must be taken into account when moni-
toring urban areas [18].

An article by R.V. Permyakov [19] is devoted to
the processing of aerial and satellite imagery for urban
planning purposes (the classification of photogrammetric
point clouds derived from stereo pairs of satellite images)
using the Photomod software suite.

Overall, having analyzed the available informa-
tion, it can be concluded that the topic of construction
monitoring using aerial and satellite imagery is a topical
one; there are a number of studies which have analyzed

3 Replacing surveyors and security guards: how drones are
used in construction. Geoscan. 2022. URL: https://www.
geoscan.ru/ru/blog/vmesto-geodezista-i-okhrannika-kak-bpla-
ispolzuyutsya-v-stroitelstve?ysclid=mm?2xi4xy4d319006035
* Presentation by TerraTech JSC. Satellite monitoring of con-
struction works. 2026. URL: https://terratech.ru/solutions/con
struction/?ysclid=mm3gx2272u4091267

5 A study into the potential use of satellite imagery and drone data
for monitoring the progress of construction works. 2025. URL:
https://gisproxima.ru/izuchenie_vozmozhnostey?ysclid=
mm2xr82yv899424591
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the potential applications of aerial and satellite imagery
in the construction sector, but it can also be concluded
that not all aspects of this issue have yet been explored,
and further research is required.

MATERIALS AND METHODS

In order to analyze the representation of construc-
tion sites, construction machinery and building materi-
als in digital images, data obtained from Yandex’s search
and information mapping service, Yandex Maps, was
utilized. Data for the city of Moscow was used: sec-
tions of satellite imagery and aerial photography data,
combined into a single map coverage of the area. For
the analysis, a search was carried out for coverage frag-
ments within the boundaries of construction sites located
in Moscow. A study containing examples of aerial and

satellite imagery obtained by various surveying systems
used in Germany was also analyzed®.

In conducting this study to obtain scientific results,
general scientific methods of inquiry were applied: ab-
straction, analysis, synthesis, grouping, analogy, induction
and deduction; as well as modelling and the historical-
logical, comparative and systems approaches. The meth-
ods used to collect, process and analyse information were
determined by the specific objectives of the study.

RESEARCH RESULTS

At present, data from a number of Russian and
foreign satellites is available for monitoring construc-

¢ Flying Camera. Learning from the Bird's Eye View Geography
in Aerial and Satellite Pictures. DoersdorfGermany. 2026; 25.

Fig. 1. Extract from a satellite image: @ — Resurs-P (Russian state satellite), spatial resolution — 0.7 m; frame width — 38 km;

b — Kanopus-V, ground resolution — 2.5 m
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Fig. 3. The Russian commercial STILSAT satellite, with a spatial resolution of 0.5 metres per pixel. The satellite is operated by
the private space company STILSPACE

Fig. 4. A section of a Chinese Jilin-1 satellite image (EarthScanner) with a ground resolution of 0.5 m per pixel and a frame
width of 150 km
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tion activities. Furthermore, in 2025, Russia launched
28 satellites for various purposes. According to R. Pery-
amkov’s PAPER “Results of Earth Observation Satellite
Launches and Industry Trends in 2025”: “Roscosmos
plans to launch the Elektro-L No. 5 high-orbit hydro-
meteorological satellite have been postponed until 2026.
Among private companies, in 2026, the Sputniks Group
plans to launch the Kinosputnik satellite with a resolu-
tion of 0.8 m/pixel, whilst the consortium comprising
MT-LAB LLC and Stilssoft plans to launch the KOEN
satellite with a resolution of 0.5 m/pixel. Furthermore, it
is expected that in 2026, 5 billion roubles from the fed-
eral fund will be allocated to government customers for
the procurement of Earth observation data from private
and state-owned satellite companies’’.

Satellite imagery from the “Resurs-P” satellites,
which provide highly detailed imagery of the terrain, is
well suited for monitoring construction in terms of reso-
lution and information content, as is data from the high-
resolution “Kanopus-V” and “Aist-2T” satellites for
stereo imaging and the production of digital topographic
maps.

Fig. 1-4 show examples of sections of satellite im-
agery (optical imagery) from satellites, which can be
ordered via the website of TerraTech JSC, a provider
of Russian space systems®.

To obtain automated expert analytics on construc-
tion sites for specific projects, you can use the “Digital
Earth” cloud service, specifically the “Construction
Monitoring” module. This service provides information
on the status of specific sites specified by their coordi-
nates, as well as analytics derived from satellite and aer-

" Permyakov R.V. Results of Earth Observation Satellite Launch-
es and Industry Trends in 2025. 2025. URL: https://racurs.ru/
press-center/articles/obshchie-voprosy/itogi-zapuskov-kosmi-
cheskikh-apparatov-dzz-i-tendentsii-otrasli-v-2025-godu-/?
ysclid=mm3fb0tg1a745825371

8 Optical survey. URL: https://terratech.ru/data/optika/

ial imagery. The georeferencing accuracy of the data is
10 metres.

Construction monitoring can also be carried out
within organizations using remote sensing data without
relying on the service, by employing specialized equip-
ment, software and survey data.

Satellite monitoring of construction works may
include the following activities: determining the stag-
es of construction; identifying machinery operating
on the construction site; monitoring quarries; monitor-
ing the volume of earthworks, landscaping and the prog-
ress of construction; and monitoring the level of activity
on site.

Fig. 5-9 show examples of how the above-men-
tioned processes are depicted in imagery obtained from
the “Satellite” tab on Yandex Maps. Yandex Maps indi-
cated that the imagery was obtained in 2024 from aerial
photography of the Moscow area.

Yandex Maps cannot be used as a tool for monitor-
ing construction, as it is not possible to obtain informa-
tion on the date the images were taken or the exact pa-
rameters of the survey, nor are there any images taken at
regular intervals to monitor the progress of construction.
However, the tool is suitable for addressing certain re-
search objectives.

Fig. 10 and 11 allow a comparison of the depiction
of construction machinery in satellite imagery and in im-
agery obtained from aerial photography*.

Judging by the images of machinery shown in Fig. 10,
it is possible to identify the exact model of the machin-
ery from aerial photographs, thanks to the high resolution
of such images. This is more difficult to do using satellite
imagery; however, it is possible to establish the presence
of specific types of machinery on the construction site.

It is also important to identify and monitor construc-
tion materials at the site using aerial and satellite imagery
(Fig. 11, based on data from Roscosmos, TerraTech).

The choice of specific types of aerial photographs
for construction monitoring will depend to a greater ex-

Fig. 5. Drilling and earthworks
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Fig. 6. Piles

Fig. 7. Construction of storeys

Fig. 8. Interior and exterior finishes, landscaping
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Fig. 9. Identification of operational machinery — a crane

Identification of construction equipment A’ PoCKOCMOC

I, o . e ok & .
Drilling and pile driving machine . Dump truck W, Satellite image
ﬂ Aerial view

Identification of construction equipment oA pockocmoc Y TeppaTex

Drilling Machine Car crar Concrete Mixer Truck

Excavator

Fig. 10. Identification of construction machinery in satellite and aerial photographs («); identification of construction machinery
in satellite images compared with ground-based photography (b)
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Storage of building materials

oA’ POCKDCMOC

Y TeppaTex

T

'ﬁ LI E

Foam Blocks

Storage of building materials

Fittings

Concrete rings

Fig. 11. Storage of building materials: ¢ — planks, foam blocks, wall panels in packaging, and concrete rings and pipes;

b — reinforcing bars, concrete rings, concrete blocks, and waterproofing

tent on the requirements for the representation of fine
details in the photographs than on the requirements for
geometric accuracy.

The book by S.A. Kadnichansky’s book “Aerial
Photogrammetry and Aerial Phototopography” provides
information on the technical aspects of aerial photogra-
phy, surveying methods and processes, the characteristics
of aerial cameras, and approaches to assessing the accura-
cy of data and the resolution of images, including the in-
formation presented in Table 1: recommended values for
ground-level pixel size for various map or plan scales [7].

The choice of imaging parameters will also be in-
fluenced by the actual size of the objects we intend to
identify (and interpret) from the images, as they appear
on the ground.

Table 2 lists the types of features shown in Fig. 5-11, b,
and provides approximate minimum sizes for the features
or feature elements that should be visible in the images.
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For these types, some images with suitable parameters
are shown.

It should also be noted that thin, elongated objects
(such as reinforcement bars, planks and electrical cables)
will be distinguishable as separate entities and will be
more easily recognized in images than compact objects,
such as blocks, all other things being equal in terms
of resolution.

The selection of aerial photography parameters can
be illustrated by the following sequence of steps, as de-
scribed in [17]:

. 1. The maximum permissible height for photo-
__poh , where H__ is

~3(Ap)
the height at which the photograph is taken; p is the mean

value of the longitudinal parallaxes of the points in
the stereo pair; 6/ is the permissible error in height deter-

graphy is calculated as: A

max
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Table 1. Recommended nominal spatial resolution of aerial photographs for the production of a topographic plan or map

The scale of a topographical plan or map

Recommended pixel size on the ground (maximum), cm

1:500 6

1:1000 9

1:2000 20 (14 for urban areas with high-rise and high-density development)
1:5000 30

1:10 000 50

1:25 000 70

Table 2. Dimensions of construction site structures on site

Objects

Size of objects and their elements on
the ground (or width of the blurred
object boundary on the ground), m

Imagery on which they will be
displayed separately

Construction stages

Drilling and earthworks (terrain
elements, equipment)

Equipment (outlines, shape) — 1.00 m
0.50 m

Aerial imagery with a ground resolution
of 0.06-0.10 m. Satellite imagery with

0.30 m a resolution of 0.30-0.50 m
0.10 m
Reinforced concrete piles 0.20-3.00 m Aerial imagery with a ground resolution

0f 0.06-0.10 m.
Satellite imagery with a resolution
0f0.30-0.50 m

Floor construction (walls), interior
and exterior finishing

For external walls in temperate
latitudes, the standard thickness

is 0.51 m (2-brick wall).

In northern regions, 0.64 m

(2.5-brick wall).

For internal walls, masonry with

a thickness of 0.25-0.38 m is used.
For interior, inter-apartment, and office
permanent partitions — not less than
0.12m

Aerial imagery with a ground resolution
0f 0.06-0.10 m. Satellite imagery with
a resolution of 0.30 m

Construction equipment

Drilling rig, dump truck, crane,
excavator (equipment elements such
as wheels, headlights, fenders)

0.10 m

Aerial imagery with a ground resolution
0f0.06-0.10 m

Construction materials

Boards

Thickness 0.013-0.016 m —

for sheathing 0.020-0.025 m — for
floors and partitions;

0.040-0.050 m — for load-bearing
structures and formwork up;

to 0.075 m — for heavily loaded
elements

Aerial imagery with a ground resolution
0f 0.06-0.10 m

Foam concrete blocks

Dimensions 0.60 x 0.30 x 0.20 m

Aerial imagery with a ground resolution
0f 0.06-0.10 m. Satellite imagery with
a resolution of 0.30 m

Reinforcing bars

Diameter from 0.01 m and above

Aerial imagery with a ground resolution
0f 0.06-0.10 m

Concrete rings

Diameter from 0.70 to 2.50 m

Aerial imagery with a ground resolution
0f 0.06-0.10 m.

Satellite imagery with a resolution

0of 0.30 m

Waterproofing materials
(e.g., roll materials, hydroisol)

Width — 1.00 m.
Length — 8.00, 10.00 or 15.00 m

Aerial imagery with a ground resolution
0f 0.06-0.10 m.

Satellite imagery with a resolution

of 0.50 m
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Fig. 12. Examples of enlarged sections of digital aerial photographs taken by an unmanned aerial vehicle, showing the equipment

mination; 8(Ap) is the error in determining the difference
in longitudinal parallaxes.

2. The denominator of the survey scale is calculated

o
as follows: m S—p[M, where m is the denominator
ph
of the photograph scale; 51,1 is the permissible error in

determining the position of a point on the plan; 6ph is
the error in measuring a point on the photograph;
M is the denominator of the plan scale.

3. The calculated parameters are adjusted to take
account of the final accuracy requirements for a specific
construction project.

4. The focal length is calculated using the formula:
f= H/m, where f'is the camera’s focal length”.

It should be noted that there are other possible meth-
ods for selecting imaging parameters.

The use of unmanned aerial vehicles (UAV) for
monitoring construction sites is becoming increasingly
common. The use of UAV enables high-quality images
of land plots to be captured, work progress to be tracked,
and progress to be assessed in real time.

Below are details on calculating the ground resolu-
tion for imagery captured by a Sony DSC-RXI1R cam-
era mounted on a UAV. These images clearly showed
construction machinery, plot boundaries, buildings and
building materials.

Let’s work out the scale of the aerial photograph (as
it will be captured on a digital camera’s sensor): the im-
age format (dimensions) for this camera will be 6,000
pixels (36.0000 mm) by 4,000 pixels (24.0000 mm).

Let’s work out the physical size of a pixel for each
side of the image frame:

* 36 mm/6,000 pixels = 0.006 mm = 6 um;

* 24 mm/4,000 pixels = 0.006 mm = 6 pm.

We shall determine the denominator of the image
scale using the formula: 1/m = f/H.

e m=12,687;

* /=34 mm — the camera’s focal length;

* H = 12,683 - 0.0340925 = 432.53 m —
the shooting height.

The ground resolution (the size of the smallest
object that will be visible in the image) will be pix =
=0.006 mm — in the image; 0.006 mm in the image cor-
responds to 0.006 - 12,687 = 76.122 mm on the ground.

The pixel size, or ground resolution, will correspond
to pix =7.6 cm.

Fig. 12 shows examples of images of machinery for

the survey material described above.

CONCLUSION AND DISCUSSION

Based on the material discussed above and Table 2,
it can be concluded that, for monitoring construction,
the optimal approach is to use aerial photography from
aeroplanes and UAV with a ground resolution of between
0.06 and 0.10 m; it is also possible to use ultra-high-
resolution satellite imagery with a resolution of 0.30 m.
The examples given have shown which features will be
distinguishable in the images.

The use of UAV for monitoring construction sites is
a more convenient option, as it allows the required num-
ber of surveys to be carried out at specified time intervals
using simpler surveying equipment than that required for
aerial photography with professional aerial cameras [8].

Further work on this topic is planned, taking into

account the results obtained.
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