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Operational Demonstrations
Russia has conducted at least two confirmed 
operational uses of the Oreshnik. The first took 
place on 21 November 2024, when the missile 
was launched from the Kapustin Yar test range 
and struck the Dnipro area (likely targeting the 
Pivdenmash industrial complex). The second oc-
curred on the night of 8–9 January 2026, again 
launched from Kapustin Yar, hitting infrastruc-
ture in Lviv Oblast, western Ukraine, near the 
Polish border.
In both instances, the missile carried inert/
kinetic (non-explosive) warheads (reportedly 
consisting of multiple submunitions) and caused 
limited physical damage with no reported ca-
sualties. Ukrainian air defense systems, including 
Patriot batteries, failed to detect or intercept 
the incoming missile. While these strikes served 
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clear demonstrative and deterrent purposes, they 
offered rare real-world observations of an IRBM 
operating in a contested theater.

Technical Characteristics
The Oreshnik is a two-stage, solid-propellant, 
road-mobile IRBM deployed from a transporter-
erector-launcher (TEL). It has an estimated ope-
rational range of 3,000 to 5,500 km and reaches 
hypersonic speeds exceeding Mach 10 (approxi-
mately 12,000–13,000 km/h) during the re-entry 
phase. This performance enables it to reach major 
European capitals in a matter of minutes.
The missile supports both conventional and nu-
clear payloads. It features Multiple Independently 
Targetable Reentry Vehicles (MIRV) capability, 
with up to six reentry vehicles and a total paylo-
ad mass of roughly 1.3–1.5 tons. Each reentry 
vehicle can be independently targeted, allowing 
a single launch to engage multiple dispersed 
objectives. The primary strategic role emphasizes 
regional deterrence, rapid deep strikes, and satu-
ration of defenses rather than ultra-precise point 
targeting.

Guidance Architecture: INS Primary with 
Opportunistic GLONASS Corrections
The Oreshnik employs a robust multi-layer gui-
dance system in which a high-precision inertial 
navigation system (INS), based on advanced 
gyroscopes and accelerometers, serves as the 
primary and autonomous core. The INS con-
tinuously integrates accelerations and angular 
rates to estimate position, velocity, and attitude 
without emitting signals or relying on external 
inputs, making it inherently resistant to jamming 
and spoofing.
The principal limitation of any INS is drift—the 
gradual accumulation of small sensor errors that 
increases the Circular Error Probable (CEP) over 
time. For an IRBM with a flight time of only 
tens of minutes, military-grade inertial sensors 
keep this drift within limits acceptable for strate-
gic or area-effect missions.
Russia’s GLONASS satellite navigation system 
acts as a secondary correction layer, primarily 
during the boost and mid-course phases, to pe-
riodically update and reduce INS drift when si-
gnals are available. The architecture includes clear 
fallback mechanisms: in the event of jamming, 
spoofing, or inconsistent satellite data, the system 
automatically reverts to pure inertial navigation 
without compromising the mission.
Military-grade GLONASS receivers likely incor-
porate encrypted signals, anti-spoofing algorith-

ms, directional antennas, and advanced sensor-
fusion techniques (such as Kalman filtering or 
adaptive weighting) that dynamically evaluate 
the reliability of each data source. In the terminal 
phase, emphasis shifts to high velocity, stability, 
and evasive maneuvers designed to overwhelm 
or penetrate missile defense systems rather than 
achieve maximum accuracy.

Strategic and Geospatial Implications
The Oreshnik’s guidance philosophy prioritizes 
operational resilience over extreme precision, ali-
gning with its role as a theater-level deterrent ca-
pable of functioning effectively in GNSS-denied 
environments. For the broader geomatics and 
PNT community, the missile exemplifies mature 
INS/GNSS hybridization, robust fault detection 
in sensor fusion, and the continued strategic im-
portance of inertial systems as a reliable backbone 
in electronic warfare scenarios. These principles 
have direct parallels in civilian applications such 
as autonomous vehicles, precision timing, and 
surveying in contested or remote areas.

Conclusion
The Oreshnik demonstrates how modern bal-
listic missiles can achieve credible performance 
through layered, resilient navigation architectu-
res. Its emphasis on INS autonomy combined 
with opportunistic satellite updates illustrates key 
technological trends in PNT resilience that will 
influence both military and dual-use positioning 
systems in the coming years.
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