GNSS mereések
végrehajtasa aktiv
ionoszfera idején

6. A gsondok forrasa az ionoszféra (egy kis fizika)




A természeti kornyezet hatasai:

- a troposzféra:
késleltetés jol modellezhetd

-az ionoszféra:
hatasa frekvenciafuggé

10,000 km

690 km
jonosphere

Exosphere

Thermosphere

Mesosphere iy

Stratosphere

Troposphere |
lonoszféra

a foéldi légkor és a
vildglr hatdrvidéke




lonoszféra: ,,A felso légkornek a nap sugarzasa altal ionizalt tartomanya” (wikipedia)

- Az ionizdci6 az a folyamat, melynek soran elektromosan semleges atom vagy molekula pozitiv vagy negativ toltésli lesz, annak
megfeleléen, hogy elektront veszit vagy elektront vesz fel a kornyezetébdl. A Fold felso légkorében sokkal gyakrabban jonnek létre pozitivan
toltott ionok (elektron eltavolitasaval), mint negativ toltésiiek (elektron felvételével). Ezeket az elektronokat vagy a Napbol szarmazo nagy
energiaju fotonok (tobbnyire UV- és rontgensugarak) ,,ltik ki”, vagy gyors részecskék semleges gazzal valo iitkozése soran jonnek létre.

-Az ionoszféra periodikusan valtozik, mivel f6 forrasa, a Napbol

« 7 o 7

figgvénye. Ha a megfigyeld elmozdul akar az észak-déli
égtajak iranyaban, akar a bolygo éjszakai oldala felé, a sugarzas

ereje csokken, mert a Napbol a Foldre érkezé sugarak beesési
szoge kisebb lesz. ‘_._,_._—-—_'__'_'_._ __I__'__"'-—-._._
S . : : , 300 Fé
-Az ionizacio a D tartomanyban a legkisebb az ionoszféra F
tartomanyai kozil. E F1q
, , - o = 200
-Az E tartomany 90 es 120 km kozott helyezkedik el. Foleg lagy —
rontgensugarak és UV-sugarzas hozza létre, amelyek {5 E E
az oxigénmolekulakra hatnak. Az E tartomany legnagyobb ‘T
stirsége kb. 100-szorosa a D tartomany legnagyobb s(irliségének T 104 0
-Az ionoszféra legslir(ibb teriilete az F tartomany (gyakorlatilag
a teljes magnetoszféra), ez 120 és 300 km kozott talalhato. E il _._,_._-—-—'—'_'_'_ e
folott a s(irliség lassan csokken, és atmegy a plazmaszféranak
nevezett tartomanyba. Az atmenet nagyjabol az 1000 km-es Nigl‘.l: Day

magassagba tehet6, ahol ionoszféraban dominald oxigénionok
helyét atveszik a plazmaszférat alkoto hidrogénionok.



Az ionizacio mértékere jellemzé mennyiseg:
TEC (total electron content)

TEC: két pont kézott (adé és vevs) 1 m2-es
alaptertiletii oszlopban /léevé szabad elektronok
Szama

Altaldnosan hasznélt TEC egység (TEC unit):
1 TECU = 1016 elektron/m?

Az idokésés mértéke j6 kozelitéssel
T=k/f* * TEC,
ahol a x allandé értéke 40,3 m3/s?

Példaul a GPS L1 frekvenciajan (f = 1575,42 MHz) a jelek '
késleltetése a vakuumbeli fénysebességgel vald terjedéshez
képest minden 1 TECU elektrontartalomra vonatkoztatva
0,162 m

A GPS gyakorlati megoldasa: mérés két frekvencian
Az adatok megfelelé kombindciojaval az ionoszféra
frekvenciafiiggé (diszperziv) késleltetd hatdsdt jorészt
ki lehet ejteni”



Az ionoszféra egyes rétegei kulon-kiilon is mind térben, mind idoben rendkiviil
valtozékonyak, az egyes nagyobb vezetoképességl rétegek hatarai nem élesek. Ezért
altalaban inkabb a “tartomany” kifejezés hasznalatat részesitik elonyben a “réteg”
elnevezéssel szemben.

Napkitorések alkalmaval a szolaris ionizalo sugarzasok intenzitasa a tobbszorosere
novekszik. Hatasuk azonnal megjelenik, amint a kitorés hullamai elérik a Foldet (1 - 3
nap). A radiohullamok terjedését nagymeértékben befolyasoljak az also ionoszféraban
(is) bekovetkezo valtozasok

Ezeket a jelensegeket osszefoglaloan ,,hirtelen ionoszférikus zavaroknak” (SID - Sudden
lonospheric Disturbances) nevezik. Ezek a zavarok foleg a rontgen sugarzas tobb
nagysagrenddel megnovekvo intenzitasanak, és kisebb mértékben az ugyancsak
megnott intenzitasu extrém ultraibolya sugarzasnak a kovetkezményei. Bar a flerek
hatasa nem elhanyagolhato az F rétegekben sem, a valtozasok legmarkansabban az E
és a D tartomanyokban jelentkeznek. A flerek néhany perctol akar tobb oraig is
tarthatnak, hatasuk az egész nappali féltekét eérinti és helyileg kizarolag a nap
zenittavolsagatol fligg.



Naptevékenység, fler, koronakidobodas:
- 1859-es Ugynevezett Carrington-esemény

- 1989 marcius Quebec (Kanada)

A Nap légkorében zajlo folyamatok egyik o
meghatarozé6 ereje a csillag magneses
terének bonyolult szerkezete. Az ebben
fellép6 instabilitas hatasara a légkor felso
rétegébdl, a koronabdl idonként
elektromosan toltott anyagtomeg lokodik ki
a bolygokozi térbe: ez a jelenség a
koronakidobddas (coronal mass ejection,
CME). Ezek gyakorisaga és erdssége is a
napciklus aktualis szakaszatol fiigg: a
maximumhoz kozeledve akar naponta harom
is bekovetkezik, mig a minimum idején
atlagosan otnaponta jon létre egy.

A napkitorés a naptevékenység leglatvanyosabb, és legerdsebb foldi hatasokkal rendelkezé megnyilvanulasa, melynek
soran egyiitt jelentkezik az alabbi harom naptevékenységi jelenség:

- Fler, vagyis a naplégkor egy koriilhatarolt részének hirtelen, erds kifényesedése.

- Koronakidobédas, vagyis a napkorona egy darabjanak kilokodése a bolygokozi térbe.

- Eruptiv protuberancia, vagyis egy, a napkoronaban hosszl ideje egy helyben lebegd, a kornyez6 gaznal s(ir(ibb és
hidegebb felh6 (nyugodt protuberancia) hirtelen, gyorsulé felemelkedése és elszallasa.

A fenti jelenségek egymastol fiiggetleniil is el6fordulnak, de az esetek mintegy 50-75%-aban egyiittesen kovetkeznek
be, napkitorés keretében. Kiilonosen a legnagyobb flerek, koronakidobddasok és eruptiv protuberanciak lépnek fel
szinte mindig egyuttesen.



Naptevékenység, fler, koronakidobodas:
Foldi hatasok:

- Erds flerek idején jelentosen megnd a foldi felsolégkorben és bolygonk kozmikus kornyezetében a nagyenergiaju sugarzasok erdssége. Ez
elsésorban a rontgen- és gammasugarzasra vonatkozik, tovabba, ha a Fold a flerbél kiinduld részecskenyalab Utjaba esik, akkor a toltott
részecskék (elsésorban protonok) aramara is. Ezek komoly kart okozhatnak a geostacionarius miiholdakban és (irszondakban (2022-ben
SpaceX 300 km alatti palyan 42-b6l 38-at letéritett); a toltott részecskék tovabba egészségi kockazati tényezot jelentenek pilotak
és Uirhajosok esetében. Megszilinne a felso légkor ionizalt D-rétege.

- A flereket kiséro radiokitorések megzavarhatjak, vagy megsziintethetik a Fold nappali oldalan a radiés kommunikaciot és
a radarok mikodését. Ez jelentésen megnehezitené vagy lehetetlenné tenné a repiiléutakat a sarkok korzetében (ez a korzet ilyen esetben
a mérsékelt égovig is lenyulhat).

- Ha a Fold a kidobott anyag Utjaba esik, a foldi magnetoszféranak iitkozve magneses vihart okozhat. A vihar megzavarhatja a navigaciot,
megbolonditva az iranytiiket. Emellett a magneses tér gyors ingadozasa erds koboraramokat indukalhat az elektromos berendezésekben,
ami olykor - els6sorban magas foldrajzi szélességeken, példaul Kanada, Skandinava - nagy teriileteket érinté aramkimaradasokhoz vezet.

- A magnetoszféraban - a Van Allen-ovekben - allanddan jelen levo toltott részecskék a magneses vihar kovetkeztében a sarkvidékeknél
bejuthatnak a Fold felso légkorébe, ott a sarki fény néven ismert fényjelenséget okozva.

- A légkor elvesztheti 6zonrétegének 10-50 %-at, ami a borrakos megbetegedések szamanak novekedéséhez vezet.
- A vilagos éjszakai égbolt megzavarja az allatok életciklusait és felboritja mindennapi életiik rendjét.
- A protonok aramlasa magreakcioba lépne a légkor oxigén és nitrogén atomjaival. Ennek eredménye nagysebességl neutronaramlas jonne

létre, ami elérhetné a foldfelszint is. Ennek kovetkezménye a szamitdgépes rendszerek osszeomlasa, mert a memoériakban lévé aktualis
tartalom feliilirodna.



Naptevékenység, fler, koronakidobédas:

11 éves ciklus
magneses polusvaltas - a csucshoz kozel van a legtobb magneses jelenség is
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Uridéjaras: https://www.swpc.noaa.gov/ National Oceanic and Atmospheric Administration
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SPACE WEATHER CONDITIONS on noaa scales &
24-Hour Observed Maximums Latest Observed Predicted 2024-03-18 UTC
RIRO% g |
. R3-RS | 59 | 9EEr|
minar none none none none none none
Solar Wind Speed: 293 km/sec Solar Wind Magnetic Fields: Bt 4 nT, Bz 4 nT Noon 10.7cm Radio Flux: 191 sfu

v Former Active Region 3590 Detected on the Sun's Far Side

published: Wednesday, March 13, 2024 14:32 UTC

Former Active Region 3590 appears to have been detected in NSO Gong helioseismol

ﬂ Former RGN 3590 Detected Beyond the Limb

Register today for Space Weather Workshop 2024!
published: Monday, March 11, 2024 1849 UTC
The workshop will be held in person along with a virtual component, April 15-19, 2024 in Boulder, CO

POSTPONEMENT of Planned Network Outage

published: Tuesday, March 05, 2024 22:09 UTC

The SWPC MNetwork upgrade originally scheduled for March 6, 2024, has been postponed. We are
working with our engineers to determine the next oppor

1 on the '5l.,||1'~. Far Side

ol ember th \ e ;
n detected by b : tive regior on Release of Experimental Upgrade to the Electric Power Community Dashboard

published: Monday, March 04, 2024 17:24 UTC
Effective February 29, 2024, NOAA/SWPC will deploy an experimental version an updated Electric
Fower

whether the

arth-viey

Space Weather Prediction Center
Bawlder, CO
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SPACE WEATHER CONDITIONS on noAA Scales

Latest Observed

R1-R2 |90%
S1or
R3-R5 |45% greater
minor moderate none =

Predicted 2024-03-24 UTC

99%

Predicted 2024-03-25 UTC

R1-R2 |90%

S1or
greater

70%

R3-R5 |45%

moderate strong

Solar Wind Speed: 570 km/sec

WHAT: Geomagnetic responses increased and G2 levels reached

m KEY MESSAGES Aurora Forecast
What is a moderate geomagnetic storm?

A less common, moderately intense disturbance in

Earth's magnetic field. It often varies intensity
between lower levels and moderate storm conditions
over the course of some hours during the duration of

the event

What you should do?

The general public need not be concerned. Those
under or near the 30-minute predicted auroral extent
may look for the aurora if at night and should weather

conditions permit

Possible Technology Effects E—

Slight risk for some controllable power fluctuations
in elements of the power grid. Generally negligible impacts for short duration events to
spacecraft operations

Space Weather Prediction Center
Boulder, CO

Solar Wind Magnetic Fields: Bt 7 nT, Bz 6 nT

Noon 10.7cm Radio Flux: 209 sfu

G2 (Moderate) Geomagnetic Storm Levels Observed

published: Saturday 1 UTC

G2 (Moderate) geomagnetic storming conditions were observed beginning at approximately 23/2320
UTC in response to negative polarity CH HSS and tran

March 23, 2024 23:5

Geomagnetic Storm Watches Issued for 24-25 March 2024

published: Saturday, March 23, 2024 19:23 UTC

A CME associated with an X1.1 flare observed at 23/0133 UTC is expected to arrive at Earth late on
24 Mar through 25 Mar.

Solar Radiation Storms at $1-52 (Minor-Moderate) Levels - 23 March 2024

published: Saturday, March 23, 2024 15:34 UTC

Halo CME Detected - Associated with X1 Flare on 23 March UTC-Day

published: Saturday, March 23, 2024 07:07 UTC

A halo CME, associated with the X1 flare, was detected in NASA/SOHO coronagraph imagery on the
23 March UTC-day.




Uridéjaras:

https://www.swpc.noaa.gov/ rontgen sugarzas amely zavarja a magas frekvenciaju radiohullamokat

Radio Blackouts
Physical Average Frequenc
Scale Description | Effect y 9 q y
measure (1 cycle = 11 years)

Extreme HF Radio: Complete HF (high frequency) radio blackout on the entire sunlit side of the Earth lasting for a number of hours. This results in | X20 Less than 1 per cycle
no HF radio contact with mariners and en route aviators in this sector. (2x107%)

Navigation: Low-frequency navigation signals used by maritime and general aviation systems experience outages on the sunlit side of the
Earth for many hours, causing loss in positioning. Increased satellite navigation errors in positioning for several hours on the sunlit side of
Earth, which may spread into the night side.

Severe HF Radio: HF radio communication blackout on most of the sunlit side of Earth for one to two hours. HF radio contact lost during this time. | X10 8 per cycle
Navigation: Outages of low-frequency navigation signals cause increased error in positioning for one to two hours. Minor disruptions of (103) (8 days per cycle)
satellite navigation possible on the sunlit side of Earth.

R3 Strong HF Radio: Wide area blackout of HF radio communication, loss of radio contact for about an hour on sunlit side of Earth. X1 175 per cycle
Navigation: Low-frequency navigation signals degraded for about an hour. (10%) (140 days per cycle)

R2 Moderate HF Radio: Limited blackout of HF radio communication on sunlit side, loss of radio contact for tens of minutes. M5 350 per cycle
Navigation: Degradation of low-frequency navigation signals for tens of minutes. (5x107) (300 days per cycle)

R1 Minor HF Radio: Weak or minor degradation of HF radio communication on sunlit side, occasional loss of radio contact. M1 2000 per cycle
Navigation: Low-frequency navigation signals degraded for brief intervals. (10®) (950 days per cycle)

National Oceanic and Atmospheric Administration
National Weather Service

National Centers for Environmental Prediction
Space Weather Prediction Center

325 Broadway, Boulder CO 80305

/ﬁSA.gov

Made Easy

Government

Disclaimer
Privacy Policy

Careers in Weather

About NOAA's National Weather Service




Uridéjaras:

V4

Solar Radiation Storms

https://www.swpc.noaa.gov/ Protonok fluxusa egy geostacionarius muhold (a GOES) mérésében

Satellite operations: None.

Other systems: Minor impacts on HF radio in the polar regions.

Physical
L measure Average Frequency
Scale Description | Effect (Flux level of (1 cycle = 11 years)
== 10 MeV
particles)
Extreme Biological: Unavoidable high radiation hazard to astronauts on EVA (extra-vehicular activity); passengers and crew in high-flying aircraft 10° Fewer than 1 per cycle
at high latitudes may be exposed to radiation risk.
Satellite operations: Satellites may be rendered useless, memory impacts can cause loss of control, may cause serious noise in iImage
data, star-trackers may be unable to locate sources; permanent damage to solar panels possible.
Other systems: Complete blackout of HF (high frequency) communications possible through the polar regions, and position errors make
navigation operations extremely difficult.
Severe Biological: Unavoidable radiation hazard to astronauts on EVA; passengers and crew in high-flying aircraft at high latitudes may be 104 3 per cycle
exposed to radiation risk.
Satellite operations: IMay experience memory device problems and noise on imaging systems; star-tracker problems may cause
orientation problems, and solar panel efficiency can be degraded.
Other systems: Blackout of HF radio communications through the polar regions and increased navigation errars over several days are
likely.
Strong Biological: Radiation hazard avoidance recommended for astronauts on EVA; passengers and crew in high-flying aircraft at high latitudes 103 10 per cycle
may be exposed to radiation risk.
Satellite operations: Single-event upsets, noise in imaging systems, and slight reduction of efficiency in solar panel are likely.
Other systems: Degraded HF radio propagation through the polar regions and navigation position errors likely.
Moderate Biological: Passengers and crew in high-flying aircraft at high latitudes may be exposed to elevated radiation risk. 102 25 per cycle
Satellite operations: Infrequent single-event upsets possible.
Other systems: Small effects on HF propagation through the polar regions and navigation at palar cap locations possibly affected.
51 Minor Biological: None. 10 50 per cycle




Urid6jaras:

https://www.swpc.noaa.gov/ Planetary K index, ez a foldfelszinen mért geomagneses aktivitas

Geomagnetic Storms
Scale Description | Effect Physical Average Frequency
measure (1 cycle = 11 years)

Extreme Power systems: Widespread voltage control problems and protective system problems can occur, some grid systems may experience Kp=9 4 per cycle
complete collapse or blackouts. Transformers may experience damage. (4 days per cycle)
Spacecraft operations: May experience extensive surface charging, problems with orientation, uplink/downlink and tracking satellites.

Other systems: Pipeline currents can reach hundreds of amps, HF (high frequency) radic propagation may be impossible in many areas
for one to two days, satellite navigation may be degraded for days, low-frequency radio navigation can be out for hours, and aurora has
been seen as low as Florida and southern Texas (typically 40° geomagnetic lat.).

Severe Power systems: Possible widespread voltage control problems and some protective systems will mistakenly trip out key assets fromthe | Kp= 8, 100 per cycle
grid. including a 9- | (60 days per cycle)
Spacecraft operations: May experience surface charging and tracking problems, corrections may be needed for orientation problems.

Other systems: Induced pipeline currents affect preventive measures, HF radio propagation sporadic, satellite navigation degraded for
hours, low-frequency radio navigation disrupted, and aurora has been seen as low as Alabama and northern California (typically 45°
geomagnetic lat.).

Strong Power systems: Voltage corrections may be required, false alarms triggered on some protection devices. Kp=7 200 per cycle
Spacecraft operations: Surface charging may occur on satellite components, drag may increase on low-Earth-orbit satellites, and (130 days per cycle)
corrections may be needed for orientation problems.

Other systems: Intermitient satellite navigation and low-frequency radio navigation problems may occur, HF radio may be intermittent,
and aurora has been seen as low as lllinois and Oregon (typically 50° geomagnetic lat.).

Moderate Power systems: High-latitude power systems may experience voltage alarms, long-duration storms may cause transformer damage. Kp=6 600 per cycle
Spacecraft operations: Corrective actions to orientation may be required by ground control; possible changes in drag affect orbit (360 days per cycle)
predictions.

Other systems: HF radio propagation can fade at higher latitudes, and aurora has been seen as low as New York and Idaho (typically 55°
geomagnetic lat.).
G1 Minor Power systems: Weak power grid fluctuations can occur. Kp=5 1700 per cycle

Spacecraft operations: Minor impact on satellite operations possible.

Other systems: Migratory animals are affected at this and higher levels; aurora is commonly visible at high latitudes (northern Michigan
and Maine).

(900 days per cycle)
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