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MIHcmumym Kocmu4eckux uccriedogaHul
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ViccneqoBaHMs COCTOSAHUSA OKOMO3EMHOM KOCMIUYECKOMN CPEbIl, ANS KpaTKO
UMeHyemMoe “KocMMYyeckad noroga’, BbIXOAAT 3@  PaMKM  YKUCTO
akagemu4yeckoro MuHTepeca. Yem wMpe BHeOPSATCA NepeaoBble
TEXHOMNOIMKN, TEM YYBCTBUTENbHEE ONS 9KOHOMUKM CTAHOBATCA MX COOM U
BbIXOdb! U3 CTpPOs. Boamyluatollee Bo3nencTeme akTopoB KOCMUYECKOM
norodbl Ha OKPYXXaloLLy cpedy ABNATCA €CTECTBEHHOW HOPMOW, U WX
HEBO3MOXHO M3bexarb, HO He0OX0AMMO 3HATL M YYUTbLIBATE.



YA3BMMOCTb TEXHOJIOMMYECKUX CUCTEM BO30ENCTBUIO KOCMNYECKOU
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O6BexThI NeKTPOSHEPreTHKM, NoABePXeHHbIe

Geomagnetic Induced Currents (GIC) ReHCTEHIO FeOMarHHTHO-HHAY UMPOBAHHBIX TOKOB
OneKkTpuyeckne Tokn, nHayumpyemole B e . e
NOBEPXHOCTHbIX CMOSIX 3eMNN NpU PE3KNX TOKM B HOHOC(epe !
N3MEHEHUAX MOHOCEPHbIX TOKOB U ‘
reoMarHMTHOro noJsisA, onacHbl ANS:

- NPOTSKEHHbIX TPYDOONPOBOAOB,

- MarucTparnbHbIX KabenbHbIX NMHUNA,

- BbICOKOBOJIbTHbIX JIMHUI 3reKkTponepeaad,
- )Xene3Ho4OopOoXXHOro obopyaoBaHus,

- MOPCKMX KOMMYHUKaLMOHHbIX Kabenewn, | HnnyuuTr:]t;aauuuH
TenedoHHbIX U TenerpadHbIX JTNHUN, |

0CODEHHO eCcnu 3TN CUCTEMbI BbITSHYTbI B

OONrOTHOM HanpasfieHUM.

Hanbonee WHTEHCUBHbIE TOKM (OO COTEH amnep) BO3DyxOalTCcA Ha aBpopasibHbIX
LUMpOTax Mpu MarHUTHLIX Oypax n cybbypsax. Konnyectso aHeprum, BolAensowenca npu
MarHUTHoM Bype cpedHen MHTeHcmBHOCTU ~1400 BT, 4TO nNoyTn BOBOE MNpeEBbIWIAET
MOLLHOCTb Bcex anekTpoctaHumn CLUA.

Bospencteue GIC Ha nuHuM anektponepenay, 0CO6EHHO BbICOKOBOSIbTHbIE U HU3KO-
PE3NCTUBHbIE, 3aBUCUT HE TONbLKO OT BENUYMHbLI BO3MYLLEHUA, HO 1 OT rEOMETPUN CETM.
OueHKa BO3MOXHbIX 3hdeKTOB ANS KaXXJ0W KOHKPETHOM CUCTEMBbI NpeacTaBnseT coboun
OTAENbHYIO 3a4a4y.



i KBa3n-noctosHHble GIC Bbi3biBAOT

HacbILLEHWE, NEPErpeB U Jaxe
NOBPEXAEHNE BbICOKOBOSbTHBIX

IR| TpaHCchopMaToOpOB Ha SNEKTPUYECKUX
@l MOCTaHLMAX.

i Bo Bpems aBapun TpaHcdopmaTopa B
cucteme Hydro Quebec 6 MnH. Yyenosek
OCTanucb NOSIHOCTLIO 6E3 anekTpruyecTBa
bonee 4yem Ha 9 4acos.




Bo3gencTBue KocMU4eckom norogbl Ha PbIHOK

3NEeKTPO3HEeprumn
GIC BbI3blBaeT HachbllleHMe TpaHcopmatopa, W HapyllaeT ynpasrieHue

HanpsbkeHnem. PacTyT n notepu B TpaHcdopmaTope, 1 Neperpysku npu nepeagade.

[Ona npumepa npuBeaemM OoOHY U3 HaMbONbLUMX ANEKTPUYECKUX ceten B mmpe PIM
(CLUA), Bkniovatowen 6onee 8000 munb nepegatowmx nuHmn (500 kB) n 560
reHepaTtopoB (Forbes et al., 2004). Bo Bpemsa marHnTHbIX 0ypb 15-16 mnona 2000 u
31 mapTta 2001 nuMKUT Ha nepegady aHeprum Obin NOHWXeH onepatopamu o 900
MB, T.e. Ha 20%. OgHOBpeMEHHO ynan u akTniyecknn obbeM nepegaBaeMown
SHeprum.
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Dollars Per M¥Wh
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JKOHOMMYECKUMN acnekT

HepgoctaTok SHeprun npuBOOUT K MOBLILWEHUIO TEKYLUUX pPervoHanbHbIX LEH.
[Mfpyyem UeHbl Ha 3aBTpa He MEHSATCS, T.K. BIUSHWE MarHUTHbLIX Oypb He
npegBugenocs. Hanpumep, aonsa Oypu 15-16 wumwona 2000 TeKkywune UeHbl
nognpbirHynn ¢ $18 go $66, 1.e. noyTn B 4 pasa.

XoTtqa Dst nHgekc - oTHIOAb He nydwaa xapaktepuctuka GIC, sKoHOMeTpU4ecKnu
aHanus, y4ymTbiBalOWMA BNUAHME BCEX BO3MOXHbLIX (PAKTOPOB, MOKa3blBaeT, 4To
Oaxe OTHOCUTENbHO Hebonbwne Oypu
aHanuaupyemble 1,5 roga (noHb 2000 - aekabpb 2001) 3KOHOMUYECKOE BIIMAHUE
Kocmu4yeckomn norogbl coctaBun $500 MUIMOHOB.
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—— Standard Deviation In the Real-Time Price Across Zones
Standard Deviatlon In the Day-Ahead Price Across Zonas
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BIINAKOT Ha TeKywunue LueHbl.
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OnacHocTb KOCMMUYeCKOM noroabl Ana TpyoonposoaoBs B

Kocmunyeckass noroga v Bbl3BaHHbIE éﬁﬂﬁé’d’éﬁ&ue 9JIEKTPOMArHUTHbIE BO3MYLLEHUS
nNpeacTaBnsalT onacHOCTb Ans TpybonpoBodoB B ApPKTMKe, T.K. Bonbllasi UX 4YacTb
nMmeeT rnobanbHyl0 MNPOTAXKEHHOCTb B AONrOTHOM HanpaefieHun. GIC Bbi3blBalOT
KYyMYIATUBHbBIN 3 eKT, NPUBOAALLMN K YCKOPEHHOM KOPPO3nn TpybonpoBoaos.

[Ona 3awmutel OT KOPPO3UM WUCMNONb3YeTCA KaToAHad 3alwuuTta, noaaepxusaroLlas
oTpuuaTenbHbln noteHuuan Tpybbl oTHocuTenbHO 3emnu. og gencrtenem TokoB GIC
9TO pacnpegeneHne noTeHuMana CUIbHO WCKaXaeTcd, 4YTO pPes3Ko YyBennymBaer
CKOPOCTb KOPPO3NN BO BPEMSI reOMarHUTHbIX Oypb, 1 NPUBOAUT K COKPaLLEHUIO CpoOKa
aKcnnyataummn Tpydonposoaa.

Cathodic protection system «of the pipeline
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O

Voltage gencrator
KocBeHHO, reomarHUTHble  BO3MYLLEHUE E
MOryT MNOBMIMATb HA U3MEPEHUA KaTOLHOro
noTeHumana 3awutbl, WU TEM CaMblM  Anede e Pipeline
npuBecTn K paboTe npu HeoNnTUMarbHbIX Current
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3anagHble HeTAHbIE U ra30Bble KOMMNAHUKU YYUTLIBAOT MOMEXN,
BHOCUMbIE reOMarHUTHbIMW BO3MYLLLEHUAMU, NPU reoPrU3n4eCcKon
pa3sBenke n bypeHun
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CTtaTucrtunyeckoe
pacnpegeneHune
MarHUTHbIX
BO3MYLLEHUNN U
BapnabernbHOCTU
MarHMUTHOrO Mons
Ha 3eMHOW
NOBEPXHOCTU

NNHTEHCUBHOCTb
oxmnpaembix GIC
PE3KO HEOQHOPOOHA
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MaKCUMaIlbHbIX
MarHUTHbIX

—
N
{1
- -
=} n =) L o
N,
N © - [ - [
o @ @
— —_
HEENR" FEFEEEN EEEEe E
d d
4 N W oA U@ N @ D = Lo | N A O @ Lol | N A O @
N B 2 o &6 6 o

g.cpp.oppp.cpg B &2 5 & 6 o
8 88 88883¢88g 8 g g g 2 g g g

o = M ©w & o o o 2 M @8 & o @ NT o 2 B o & 0 o N
&8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8



Boamywawuwiee sozgencrtesme pmusnvecKkmx npoueccoB B
OKOJI03€MHOM KOCMOCEe Ha CNYyTHUKOBbLIE HaBUrallMoHHbIE
CNCTEMbI
To4yHOCTb cuctem Hasurauum, ncnonbayrwwmx OHY curHanel (LORAN, OMEGA)
3aBUCUT OT 3HAHUNA OENCTBUTENBHOW BbICOTbI HUXKHEN rpaHunLbl MOHOCMepbl. bbICTpble

BepTUKalibHbl€ NSMEHEHUA 9TOU rpaHnubl BO BpeMA COJTHEYHbLIX BCIMbILLUEK N MAarHNTHbIX
6ypb MOryT BHECTU OLLINOKK nopsAaakKa HECKOJIbKUX KM B onpeaereHne MECTOMOMNOXEHUN.

B Bo3myLLeHHOM noHOCepe MOXKET
NpoucxoauTb NOTepPS curHana rnobansHoun
cuctembl MmectoonpepeneHna GPS.




Modulation of GPS signal (TEC) by ULF waves
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Global Pc5 waves during Halloween Storm of 2003
IMAGE magnetometer network 2003-10-31

1 minute averages
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Modulation of GPS signal (TEC) by global Pc5 waves
during Halloween Storm of 2003
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Comparison of Tromso TEC from SAT 11 and ground magnetometer
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Bo3gencrtBme KocMmuyeckoun norogbl Ha padboTy CNyTHUKOBbLIX

O KonunuectBo cboeB B paboTte KA, snfaMiCACM nonHon notepu, Bo3pacTaeT nocrne
COJTHEYHbIX BCIbILIEK 1 BO BPEMSI MArHUTHbIX Oypb, KOraa Ha HECKOJSIbKO NOPSAAKOB
YBENNYMBAIOTCHA NOTOKN YACTUL, pasHbIX SHEPTUN.

U MNpOTOHbI COSMHEYHbIX BCIbILIEK BbI3bIBAKOT pa3pyLLUEHMUE CONHEYHbIX NaHENEN,
HapyLweHusi B paboTe gaTyMKoB OpueHTauunm, cosgatoT oobemHbix 3apsg B KA.

U MNoTokn marHuTocdepHbIX 3NIEKTPOHOB NMPUBOAAT K AndpdbepeHumnanbHon 3apsaake
nosepxHocTn KA, npobosim AN3NEKTPUKOB, NOBpEX4AOT NHTErpanbHble CXEMbI.

O MuHmnaTiopn3saumns afeKTPoOHNKN nogsepraeT onacHOCTU narybHoro BO3gencTauns Ha
ee KOMMOHEHTbI BbICOKO3HEPINYHbIX YacTuL,.

2-6 MeV electrons in the magnetosphere




Solar flare protons as a cause of satellite anomalies

Storm in October 1989
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“Killer” electrons and satellite anomalies
Since 1993 - decline of solar activity, no SPE, but satellite anomalies have not disappeared!?
The main menace - from relativistic electrons! Increases of LANL electrons with E=1.8-3.5 MeV
produce swarms of malfunctions

April 1994
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ULF wave activity — a driver of relativistic electrons?! ULF wave index appears to discriminate
better than Dst or AE between those storms that do and do not produce relativistic electrons.



Superposed SE analysis for solar protons (>2MeV) at different phases of solar activity
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Solar maximum: satellite malfunctions occur even before the peak solar proton intensities
(~3 times higher than during randomly selected days).

Correlation of protons with anomaly probability function P(f): during the solar maximum is
noticeable, ~0.3, but during the declining phase it is below a statistically significant level.



Superposed epoch analysis of “killer” electrons and satellite anomalies

During maximum or increasing solar activity: rather weak impact (anomaly days are only
~20% above randomly selected days).

During decreasing solar activity: electron fluxes for a day of an anomaly exceed ~4.5
times the background level.

Correlation of relativistic electrons with the anomaly probability function P(t): ~0.64 for
declining solar activity, and ~0.3 for solar maximum.

Verification with the noon-reconstructed data: During declining solar activity a satellite
malfunction occurs statistically ~1 day after the peak intensities of relativistic electrons.

GOES electrons E>2MeV LANL noon-proxy electrons E=1.8-3.5 MeV
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3 RELATIONSHIP OF WORLD-WIDE ROCKET
s |  LAUNCH FAILURES
' Wdeseo | WITH GEOPHYSICAL PARAMETERS

Since 1957 >5000 space vehicles were launched world-wide, but ~400 of them failed.
These crashes are commonly attributed to engineering faults in rocket or control systems.

Plesetsk _ : .
Baykonur : | 3 -
Cape Canaveral : .
Vandenberg AFB . . |
Kourou I : :

Kapustin Yar I

Xichang Space Center
Tanegashima Space Center
Naval Missile Facility

Wallops Flight Facility

Jiuquan Space Center

Kagoshima Space Center I

Taiyuan Space Center

Sea Launch, Odyssey platform
Others I
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SEASONAL VARIATIONS OF THE LAUNCH CRASH PROBABILITY
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At Plesetsk in summertime the percentage of launch failures increases about 2 times!

An additional negative factor which operates most significantly during summer?



Plesetsk cosmodrom
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The failure probability for Plesetsk is stable in
time, despite that number of launches has
decreased & system performance improved.

The relative number of “summer” failures
increases with the growth of AE!

(poor statistics: 17 events).

Crashes at Plesetsk
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daKkTopbl KOCMUYECKOU noroabl MNpeaocTaBniAT OMacHOCTbL ANA
Ge3onacHou paboTbl TexHosnorn4yeckux cucrtem B Poccunckonm ApKTuUKe,
T.K. Poccua pacnonaraet cambiMM NMPOTAXEHHbIMU HehTerazonposogamm
n JI19MN. OgHako pasmax oTe4YyeCTBEeHHbIX UCCNeaOBaHUM ABHO OTCTaeT OT
paboT B Apyrux crpaHax.

PacwupeHne BbICOKOBOSMbTHbIX 3HEPreTUYeCKUX ceTen, POCT CBSAA3EeMU
Mexay HUMU, yBenn4yeHne Harpysku, BeAyT K NOBbILWEHNIO BEPOATHOCTHU
aBapUMHbIX CUTyauuh MPU MarHUTHbIX Oypax. OnepaTUBHbLIA MPOrHO3
BO3MOXHOCTN KpuUTUYecKux ypoBHen GIC mMoxeT ObITb MCNOSIb30OBaH
ornepartopaMum ANA CHMXEHUA PUCKA KaTacTpoduyeCKMX nocrieacTBUN:
YMEHbLUEHUA Harpy3Ku, NOAKNM0YeHUA eMKOCTHOM 3aLlinThbl, U T.N.

Pacnonaras pacyetamu OTKNMKa NOTEHLUUANOB U TOKOB BAOJSIb 3aA4aHHOMN
BeTKn TpybonpoBoaa Ha GIC uHXeHepbl CMOryT MOJSIHO NpeaAcTaBUTb
noBeAeHWe KaToAHOM 3aLWMTbI NPU MarHUTHbIX OypSAX.

Hann4ymne 4YncrneHHbIX CUHTETUYECKNX MOAEeNen OCHOBHbIX ANMEeKTPN4eCKunx

oSTEMr A PAGSTR® BERIPVHEGE MR O3RSNEHBFG PA1e WRETAX S#FP YA
By RBRINA DT NS Y B FHH! &1 0 SRHRIME MR BYHocuTenbHoe uncno
KPUTUUYECKUX CUTYaLMin BO BpeMs 3anycka u pa6otbl KA HeBenuko, gaxe
eAUHNYHbIe COBbLITUA CBA3aHbI C rPOMaAHbLIMU (PUHAHCOBLIMU NOTEPAMM.



3apaumn onsa poccunckoro kKocmodunsnyeckoro cooodLlecTna:

» BeposaTHoe npeackasaHne MmarHMTHOU Oypu C
3abnaroBpeMeHHOCTbIo 1-3 AHA Ha OCHOBE CNYTHUKOBbIX
HabnoaeHn 3a akTMBHOCTBLIO COMHUA;

» OnepaTtunBHoOE rnpeackasaHMe MOMeEHTa M UHTEHCUBHOCTU
MarHMTHoOW Bypwu ¢ 3abnarospemeHHOCTbLHO 30-60 MMH Ha oCcHOBE
HabnageHnn B Touke L1;

» Co3gaHme mateMaTuyeckon modenu anga npeackasaHusi YpoBHS
NOTOKOB PENATUBUCTCKNX 3NEKTPOHOB Ha reocTaLoHapHOW
opoure;

» Co3aaHue cTaTUCTUYECKOW MOOENN NCTOYHUKA NePEMEHHOrO
MarHMTHOrO Nons, SN1IEeKTPUYECKMX MOSIEN N TOKOB B MOHOCepe, U
B KOHEYHOM cYeTe - HaBeAeHHbIX 3eMHbIX TOKoB (GIC) ang
Poccuimnckon ApKTUKWU;

> Co3paHune YMcneHHbIX Mogernien OCHOBHbIX 9NIEKTPUYECKUX
ceTen, AOMNONMHEHHbIX MOAENbIO MPOBOAMMOCTN 3EMHOW KOpPbI, A1
pacyeTa Benn4yunHbl GIC B 0TAENbHbIX 3NeMeHTax CeTu.
BbisiBreHne ¢ NoOMOLLbI CUHTETUYECKOW Moaenu criadbix



