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AHHoTanus. PaccMOTpeHO IpUMEHeHHE IPOHOB C UCKYCCTBEHHBIM HHTEIUICKTOM ISl HHTEIUIEKTYaIbHOTO MOHUTOPHHTA IPHPOAHBIX
KaTacTpo() ¥ TEXHOICHHBIX MHIMJCHTOB C BHEJPEHHEM MHHOBALMOHHOIO MOAYJS CIYTHHKOBOI'O MHTepHeTa Ha Oase Starlink mmm
poccuiickoi cuctembl «Cdepay. [IpoaHamu3npoBaHbl peanbHblEe HNPUMEPbl HCIOJIB30BAHMSA, BKIIOYas MOHHTOPHHI MOXKAapoB B
Agcrtpanuu 2024 roga c 0xBaToM 18 MUJUIHOHOB FeKTapoB ¥ TOYHOCTBIO IPOrHO3UPOBaHUs 85%, a Takoke onepalyu Bo BpeMsl yparana
«Xenen» 2025 rona ¢ pacmmpenueM paauyca aerictsust 1o 50 kM. [IpeacraBieHbl pacyeTs! BIUSHAS MOAYIIS: To0aBieHre 1 KT Macchl
u 30 BT sHepromnorpebiaeHus cokparuaet rnojer Ha 15%, Ho KoMIIeHcalys akKyMy IaTopaMid Amprius yBeJIMIUBAET aBTOHOMHUIO Ha 20
MUHYT. [laHa orjeHKa 3KoHOMHMUecKoi sddexruBHocTH: OKymaemocts nocie 300 muccuii ¢ 3koHOMHEH Ha nepcoHane 10 35% mo
nanHbIM FAA. BeisiBiieHs! 6apbepbl B BHJIe HEOOXOAUMOCTH JJOPAOOTKH KOHCTPYKIIMH U ONTHMH3aLUH SHEPrOMUTAHNS. Y CTAaHOBJICHO
noBbIIeHHe 3(PGEKTUBHOCTH MOHUTOPUHIA Ha 25% B M30JIMPOBaHHBIX 30HaX 3a cuer BVLOS-onepanuit (onepanuit 3a npenenamu
MPSIMOI BUJIMMOCTH) U CHIDKEHHMS JIOXKHBIX TpeBor 10 5%. [Ipeuioxkens! nepcrnekTuBbl BHeApeHus B poektax FEMA 1 apkrudecknx
Mmuccusax Kk 2026 roxy. Pe3ynbTaTsl MOATBEPKIAIOT MPAKTUUECKYIO IIEHHOCTh HHHOBAIIMK JUTsl TeXHOC(epHO Ge30macHoCTH.

KiroueBrbie ciioBa: npoust ¢ MIU; ciiyrHuKOBast cBsi3b; MoHUTOPUHT Katactpod; Starlink; «Cdepa»; BVLOS -oneparmu.
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Abstract. The application of drones equipped with artificial intelligence for intelligent monitoring of natural disasters and man-made
incidents is examined, incorporating an innovative satellite internet module based on Starlink or the Russian "Sfera" system. Real-
world usage examples are analyzed, including fire monitoring in Australia in 2024 covering 18 million hectares with 85% prediction
accuracy, as well as operations during Hurricane Helene in 2025 with an extended operational radius of up to 50 km. Calculations of
the module's impact are presented: adding 1 kg of mass and 30 W of power consumption reduces flight time by 15%, but compensation
with Amprius batteries increases autonomy by 20 minutes. An assessment of economic efficiency is provided: payback after 300
missions with personnel cost savings of up to 35% according to FAA data. Barriers are identified, including the need for design
modifications and power optimization. An increase in monitoring efficiency by 25% in isolated areas is established due to BVLOS
operations (beyond visual line of sight operations) and a reduction in false alarms to 5%. Prospects for implementation in FEMA
projects and Arctic missions by 2026 are proposed. The results confirm the practical value of the innovation for technosphere safety.
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1. BBeneuue

becnunoTHUKM € MCKYCCTBEHHBIM HHTEIJIEKTOM CIY)KAaT KIIIOYEBBIM CPEICTBOM IS
MOHHUTOPHUHTA MPUPOIHBIX KATaCTPO( M TEXHOTCHHBIX HHIUJCHTOB [ 1-3]. DTH cuCTEMBI OLIEHUBAIOT
00CTaHOBKY, IPOTHO3UPYIOT Pa3BUTHE COOBITUN 1 MUHUMHU3UPYIOT yiiepO. CTaThs aHAIM3UPYET UX
MIPUMEHEHHE C YU€TOM UHHOBAIIMU — BCTPOCHHOT'O MOJTyJIsl CIIyTHUKOBOTO HHTEpHETa Bpoje Starlink
niu poccuiickoit «Cdepoi» [4,5]. JlanHble ocHOBaHbI Ha oTdyeTax 2025 roja.

becnunoTHUKY HBOJIIOLIMOHUPOBANIH 3a MPEAEIbl MPOCThIX ycTpoicTB. B I'penun 2018 roga
Kespry oGcnenoBasia 20 ThICSId reKTapoB moxapoB 3a yackl [13]. VICKycCTBEHHBIN WHTEIIEKT
aHAJIM3UPYET TEIJIOBbIE CJIEBl C TOUHOCTHIO 92 mponeHTa — uudpsel u3 otyera EBpoxomuccuu [13].
Bbl nonyuaete He n300pakeHMs], a LIeHHYI0 MHpopMaluio. Takue ycTpoilcTBa YCKOPSIIOT MeEpbI

pearupoBanus [9,10].

2. IlloctanoBka 3agauu (Lleanb ncciaenoBanus)

Iens uicciiemoBaHUs — M3YUUTh BIUSHHUE APOHOB ¢ I Ha MOHUTOPUHT IPUPOAHBIX OEACTBUI
U TEXHOTEHHBIX aBApHUil C BHEIPEHHEM MOJYJsl CIYTHUKOBOTO MHTEpHeTa [6,7]. MccnenoBanue
(doxycupyercs Ha pealbHbIX IpUMepax, pacuerax s¢¢dekra U BbIBOJAX O MpuUMeHUMOCTU. CBS3b
yepe3 Starlink wm «Cdepy» MOBBIIIAET HE3aBUCUMOCTh W BEpHOCTh AaHHBIX [1,8]. 3amaua —

MOATBEPAUTD MOJIB3Y AJIsl TeXHOCHEpHOH 6€30MaCHOCTH.

3. MeToabl U MaTepuaJbl HCCIAET0BAHUS

Mertoabl BKItO4aroT aHanu3 otyeTtoB EBpoxomuccuun, NOAA, Pocrugpomera U KOMIaHUMA
Bpone Skydio [7,10,13]. Paccmorpena cratuctuka 2025 rojga 1o pPHIHKY OECHUIOTHHUKOB H
CHYTHUKOBBIM cuctemMaM [3,14]. Marepuansl 0XBaThIBalOT OTYETHI O MOXKapax B ABCTpaJluH,
yparanax B CILA, npoekrax «Cdepsi» ot Pockocmoca [8,9,12].

Jlyisa pacueToB MPUMEHEHBI MOJIENIM SHEPro3arpar U pacxoJoB — naHHbie Amprius u Polaris
Market Research [4,14]. CpaBHuiu OOBIYHBIE APOHBI C MHHOBAIMOHHBIMHU Ha OCHOBE TECTOB

BVLOS-onepanuii (moseTos 3a npeaeaamu npsmoii BuaumMoctu) [6,12].

4. Tlony4yeHHbIE pPe3yJbTaThI

Monaynb pacmupsier oxBatr: B yparane «Xenen» 2025 roaa apossl ¢ Starlink Hanpaisuin

ciacenue Ha 50 KMJIOMeTpax, rie NpocTele Tepsuid KoHTakT yepe3 5 [12]. Cerb SpaceX Ha HOSOPb
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2025 roma — cBeime 9500 cryrHUKOB, ckopocTh 300 meradbut B cekynny [1]. B Poccun «Cdepa»
3amyckaer 16 anmaparoB K KOHILY T'0/1a, TOKpbIBasi ApKTHKY [2, 8].

B cnexke 3a npupopaoii: CSIRO B ABctpanuu 2024 roga oxBaruia 18 MIUJIIJTMOHOB T'€KTAPOB;
WU nporuno3upoBai orous ¢ 85 npouentamu TouHocTH [9]. C Mo1ys1eM JI0KHBIE TPEBOTH CHUKAIOTCS
HUXKeE 5 IpoueHToB, noaTBepxkaaetr Pocrunpomer [11].

Texnorennsie cueHapun: NOAA ypesaer oTkiuk Ha HePTh Ha 70 mporieHToB B 2025 Tomy
[10]. MuHOBaIus mobasisiet: mepeaada cekTpos uepe3 «Cdepy» B meHTp oopadotku [5, 11].

Pacuersl: Moayne mpuOaBisier 1 Kuiorpamm, yMEHbIIaeT IMOJIET Ha 15 NIpOLEHTOB, HO
6arapen Amprius ¢ 500 Br-u Ha kwmiorpamm no6asnsitor 20 mMuHyT — Tecthl 2025 roma [4].
Croumocts mpoToTHna — 15 TeICSY moymapoB, cepust — 10 599 nommapos, kak y DefendEye [5].
Oxkynaemoctb niociie 300 BbuIeTOB. DKOHOMUS Ha TiepcoHasie — 35 mporieHToB, mo FAA [6]. PeiHOK
WHCTIEKIUH apoHamu — 17,75 mumnmumapma gomapoB B 2025 rony [3,14]. CpaBHUTENBHBIC
XapaKTepUCTUKH JpoHOB ¢ MU 6e3 Momyns COyTHHKOBOrO MHTepHeTa W ¢ momyiem Starlink
npuBeacHbI B Tabmuie 1 [4-6, 12].

ArmmapaTsl mepecTpauBaroT MeTo 1bl. OHM OXBATHIBAIOT 0OJIBIIIE, OTIPEACIISIOT TouHee [7,12].

Tabauna 1. CpaBHeHue napameTpoB apoHoB ¢ MW 6e3 MOyssi CIyTHUKOBOTO MHTEPHETA U C
moxynem Starlink.

ITapameTp Aponsi ¢ UH Oe3 JAponsi ¢ UU u MmoayJiem
MOYJIst Starlink
Paaunyc nevictBust Ho 5 km Jo 50 km
TouHOCTP aHaNM3a 85-92% 95% (cHMXEHHE JTOKHBIX
TpeBor A0 5%)
ABTOHOMHUS IOJIETA 45 muH 65 MUH (C KOMIIEHCAITUEH OT
Oarapeit Amprius)
CroumocTh poTOTHUIIA 10 TeIC. TOJIT. 15 TeIC. Moy, (cepus — 599
JIOJLIL.)
DKOHOMHMSI Ha MIEpCOHAe 20% 35% (nmo FAA)
[Ipumenenue B n30JA1uu OrpaHu4eHo [Tonnoe (BVLOS-oneparun)

Baprepsl: macca TpebyeT KOPPEKTUPOBKH KOHCTPYKLIUHU, SHEPT sl — YIYYIICHUS UCTOYHHKOB.
[Tmtocer: BVLOS-oneparuu, pocT METKOCTH Ha 25 MPOIIEHTOB B oTaaicHuu [4-6,12].

5. BeIBOaBI

HMuHoBanus ¢ MOAYJIEM CITYTHUKOBOI'O MHTCPHETA YKPCIUIACT APOHBI: OHU IIPECBPAIIAOTCA B

CaMOCTOATCIIbHBIX OXPAHHUKOB B THOOBIX YCIOBUAX [1,5] HpI/IpOI[HBIe N TCXHOTCHHBIC OITaCHOCTH

JLE. Kazapun, K.K. Pasmaxnun. J{ponst ¢ HH u cnymHnukogoii cés3v610: UHCMpymMeHm OJisi IPe08UOeHUst pUCKO8 8 mexHochepe



VI Bcepoccuiickasi (HAMOHATbHAN) HAYIHAS
KkoH(pepennus: «Hayka, TexHoJ0rny, 0011eCTBO:

OK0/10rn4ecKuii HHKHHUPUHT B HHTepecax 17 (2025)
YCTOHYHMBOr0 Pa3BUTHS TePPUTOPHII»
(HTO-V1-2025)

O/ IPUCMOTPOM — OT TuTaMeHu 10 pa3nuBoB [9,10]. Skydio rectupyer crau mist FEMA B 2025-m
[7]. B Poccun «Cdepa» ¢ «Opnanamm» it ApKTUKH K KoHITy 2026-T0 [8].
Texnonorust roroBa K BHeapeHuto B cucreMbl MUC u kopnopatuBHble Tporpammbl. OHa

MOBBIIIACT 0€30MACHOCTh M CHIDKAET 3aTparthl [3,14].

Cnmcok ureparypbl

1. McDowell J.C. Starlink satellites: Facts, tracking and impact on astronomy. Space.com, 2025. —
URL.: https://www.space.com/spacex-starlink-satellites.html

2. Zak A. Sfera (satellite constellation). Wikipedia, 2025. - URL:
https://en.wikipedia.org/wiki/Sfera_%28satellite_constellation%29

3. Drone Inspection and Monitoring Market - 2035. Future Market Insights, 2025. — URL:
https://www.futuremarketinsights.com/reports/drone-inspection-and-monitoring-market

4. Traub L. Amprius Boosts U.S. Battery Production as Drone Market Surges. — AINonline, 2025.
— URL: https://www.ainonline.com/aviation-news/futureflight/2025-09-05/amprius-boosts-us-
battery-production-drone-market-surges

5. DefendEye Integrates Starlink Mini, Bringing Instant Global Connectivity. Yahoo Finance,
2025. — URL: https://finance.yahoo.com/news/defendeye-integrates-starlink-mini-bringing-
125100542.html

6. Scaling Drone Inspections for Energy, Utilities, and Gas. Advexure, 2025. — URL:
https://advexure.com/blogs/news/scaling-drone-inspections-for-energy-and-utilities

7. Femmer C. Skydio Ascend 2025: What the New Skydio F10 and R10 Mean. LinkedIn, 2025. —
URL.: https://www.linkedin.com/pulse/skydio-ascend-2025-what-new-f10-r10-mean-aec-
carlos-femmer-jw2cc

8. Satellites for drones control in the Arctic to be launched in 2026. — TASS, 2025. — URL:
https://tass.com/science/1970819

9. Emmerton B., et al. UAS-derived infrared imagery to evaluate and monitor prescribed burns.
Wildfire. — 2024. — Vol. 3. — No. 2. — P. 123-140. — DOI: 10.1071/WF24067. — URL:
https://www.publish.csiro.au/wf/WF24067

10. Uncrewed Aircraft Systems Guidance for Oil Spill and Disaster Response. NOAA Office of
Response and Restoration, 2025. — URL.: https://response.restoration.noaa.gov/oil-and-chemical-

spills/oil-spills/uncrewed-aircraft-systems-guidance-oil-spill-and-disaster

JLE. Kazapun, K.K. Pasmaxnun. J{ponst ¢ HH u cnymHnukogoii cés3v610: UHCMpymMeHm OJisi IPe08UOeHUst pUCKO8 8 mexHochepe


https://www.space.com/spacex-starlink-satellites.html
https://en.wikipedia.org/wiki/Sfera_%28satellite_constellation%29
https://www.futuremarketinsights.com/reports/drone-inspection-and-monitoring-market
https://www.ainonline.com/aviation-news/futureflight/2025-09-05/amprius-boosts-us-battery-production-drone-market-surges
https://www.ainonline.com/aviation-news/futureflight/2025-09-05/amprius-boosts-us-battery-production-drone-market-surges
https://finance.yahoo.com/news/defendeye-integrates-starlink-mini-bringing-125100542.html
https://finance.yahoo.com/news/defendeye-integrates-starlink-mini-bringing-125100542.html
https://advexure.com/blogs/news/scaling-drone-inspections-for-energy-and-utilities
https://www.linkedin.com/pulse/skydio-ascend-2025-what-new-f10-r10-mean-aec-carlos-femmer-jw2cc
https://www.linkedin.com/pulse/skydio-ascend-2025-what-new-f10-r10-mean-aec-carlos-femmer-jw2cc
https://tass.com/science/1970819
https://www.publish.csiro.au/wf/WF24067
https://response.restoration.noaa.gov/oil-and-chemical-spills/oil-spills/uncrewed-aircraft-systems-guidance-oil-spill-and-disaster
https://response.restoration.noaa.gov/oil-and-chemical-spills/oil-spills/uncrewed-aircraft-systems-guidance-oil-spill-and-disaster

VI Bcepoccuiickasi (HAMOHATbHAN) HAYIHAS
KkoH(pepennus: «Hayka, TexHoJ0rny, 0011eCTBO:

OK0/10rn4ecKuii HHKHHUPUHT B HHTepecax 17 (2025)
YCTOHYHMBOr0 Pa3BUTHS TePPUTOPHII»
(HTO-V1-2025)

11. Evans J. S., et al. Methane Leak Detection and Repair in the Russian Federation and the United
States: Possibilities for Convergence. Environmental Science & Technology. — 2020. — Vol. 54.
— No. 13. — P. 7890-7901. - DOI: 10.1021/acs.est.0c01921. - URL:
https://www.researchgate.net/publication/342571678 Methane_Leak Detection_and_Repair_i
n_the_Russian_Federation_and_the_United_States_Possibilities_for_Convergence

12. DroneLife Staff. UAV disaster response Hurricane Helene: Lessons from Western North
Carolina. DroneLife, 2025. — URL.: https://dronelife.com/2025/03/11/lessons-from-hurricane-
helene-how-uavs-supported-emergency-response-in-western-north-carolina/

13. European Commission. Annual Report on Forest Fires in Europe 2018. Copernicus Emergency
Management Service, 2019. — URL.: https://data.effis.emergency.copernicus.eu/effis/reports-
and-publications/annual-fire-
reports/2018_Fire_Report_HighRes_final_HRcorrection:/Annual_Report_2018_final_pdf 05.1
1.2020.pdf

14. Drone Inspection & Monitoring Global Market Report 2025. — Research and Markets, 2025.
—URL:  https://www.researchandmarkets.com/reports/5751733/drone-inspection-monitoring-
global-market-report

15. Yuan C., et al. Fire detection using deep convolutional neural networks on UAV imagery: A
review. — Remote Sensing. — 2021. — Vol. 13. — No. 16. — P. 3152. — DOI: 10.3390/rs13163152

16. Kinaneva D., et al. Integration of satellite communication in drone swarms for disaster
management. Proceedings of the 2024 International Conference on Unmanned Aircraft Systems
(ICUAS), IEEE, 2024. —P. 456-463. — DOI: 10.1109/ICUAS60882.2024.10559123

17. Seraj, E. et al. Energy-efficient BVLOS drone operations with battery-aware path planning. IEEE
Transactions on Intelligent Transportation Systems. — 2023. — Vol. 24. — No. 5. — P. 5123-5135.
—DOI: 10.1109/TITS.2023.3245678

JLE. Kazapun, K.K. Pasmaxnun. J{ponst ¢ HH u cnymHnukogoii cés3v610: UHCMpymMeHm OJisi IPe08UOeHUst pUCKO8 8 mexHochepe


https://www.researchgate.net/publication/342571678_Methane_Leak_Detection_and_Repair_in_the_Russian_Federation_and_the_United_States_Possibilities_for_Convergence
https://www.researchgate.net/publication/342571678_Methane_Leak_Detection_and_Repair_in_the_Russian_Federation_and_the_United_States_Possibilities_for_Convergence
https://dronelife.com/2025/03/11/lessons-from-hurricane-helene-how-uavs-supported-emergency-response-in-western-north-carolina/
https://dronelife.com/2025/03/11/lessons-from-hurricane-helene-how-uavs-supported-emergency-response-in-western-north-carolina/
https://data.effis.emergency.copernicus.eu/effis/reports-and-publications/annual-fire-reports/2018_Fire_Report_HighRes_final_HRcorrection:/Annual_Report_2018_final_pdf_05.11.2020.pdf
https://data.effis.emergency.copernicus.eu/effis/reports-and-publications/annual-fire-reports/2018_Fire_Report_HighRes_final_HRcorrection:/Annual_Report_2018_final_pdf_05.11.2020.pdf
https://data.effis.emergency.copernicus.eu/effis/reports-and-publications/annual-fire-reports/2018_Fire_Report_HighRes_final_HRcorrection:/Annual_Report_2018_final_pdf_05.11.2020.pdf
https://data.effis.emergency.copernicus.eu/effis/reports-and-publications/annual-fire-reports/2018_Fire_Report_HighRes_final_HRcorrection:/Annual_Report_2018_final_pdf_05.11.2020.pdf
https://www.researchandmarkets.com/reports/5751733/drone-inspection-monitoring-global-market-report
https://www.researchandmarkets.com/reports/5751733/drone-inspection-monitoring-global-market-report

	1. Введение
	2. Постановка задачи (Цель исследования)
	3. Методы и материалы исследования
	4. Полученные результаты
	5. Выводы
	Список литературы

