The world is full of obvious things which nobody by any chance ever observes.
Arthur Conan Doyle (1859-1930)

Ceemdim e nbAeH ¢ 04esUOHY Heulad, KOUMmo HUKQI HUKo2a He 3abersi3ea.
Apmop Konan Doiir (1859-1930)
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30 rOANHN CMNbTHULN "BBIITAPUA-1300"

Tans UBaHoBa

UHemumym 3a KocMmuyecku uscredsaHusi U mexHonoauu — bbnzapcka akademus Ha Haykume
e-mail: tivanova@space.bas.bg

Knroyoeu dymu: rnpoepama ,MHmMepkocmMoc”, cribmHuk ,JMHmepkocmoc-bbrzapus-1300”

Pe3tome: EOHO om Hal-3Hayumume 6bri2apcku Hay4YHU rnocmuxeHusi 8 obrnacmma Ha KocMudeckama
uscrnedeaHusi bewe npoepamama “bwneapusi-1300”, ocbwecmeeHa npe3 1981 zoduHa e 4Yecm Ha 1300-
eoduwHuUHama om cb30agaHemo Ha Hawama Obpxaea, ek/o4Yysauwja 0ea u3cnedosamersickUu CrbMHUKA.
lMbpeusm cnbmHuk “MIHmepkocmoc-bbreapusi-1300” 6ewe uscmpensH Ha 07.08.1981 2. & moumu ronsipHa
opbuma c¢ suco4uHa okosio 900 km, ¢ komrnekc om 11 6bneapcku Hay4YHU ypeda 3a uamepeaHe Ha rnnasmama u
3a usy4asaHe Ha UOHOCGhepHO-MasHUmocgepHUMe 83aumodelicmausi, Kakmo U om fla3epeH ompaxkamesn 3a
2eo0de3uyHuU usmepsaHusi. Bmopusm crnemHuk “Memeop-llpupoda’ ¢ HayyHa anapamypa 3a OucmaHUUOHHO
usyyaeaHe Ha rpupodHume pecypcu Ha 3emsma, paspabomeHa ¢ yyacmuemo Ha bbreapckume ydYeHu, bewe
uscmpernsH Ha 10.07.1981 e. Ha cnbHYEB0-CUHXPOHHa opbuma 650 km. HayyHume pe3ynmamu, nony4eHu om
obpabomeaHemo Ha crbmMHUKO8ama UH¢hopmayusi ce u3ronssam om Uesusi cesam u ce nybnukysam u 0o OHec.

30 YEARS "BULGARIA-1300" SATELLITES

Tania Ivanova

Space Research and Technology Institute - Bulgarian Academy of Sciences
e-mail: tivanova@space.bas.bg

Keywords: “Intercosmos” Program, “Intercosmos-Bulgaria-1300” Satellites

Abstract: One of the most important Bulgarian scientific achievements in the space research was the
"Bulgaria-1300" Program, realized in 1981 in honor of the 1300" anniversary of the founding of our country,
including two research satellites. The first satellite "Intercosmos-Bulgaria-1300" was launched on 07.08.1981 into
nearly polar orbit with an altitude of about 900 km with a complex of 11 Bulgarian scientific instruments for space
plasma measurement and studying the ionosphere-magnetosphere interactions, as well as the laser reflector for
geodetic measurements. The second satellite "Meteor-Priroda" with scientific instrumentation for remote sensing,
developed with the participation of Bulgarian scientists was launched on 10.07.1981 in 650 km sun-synchronous
orbit. The scientific results from the processed satellite information are world wide used and published up to now.

BbBeneHune

Mpes 1967 roguHa ©Oe cb3gageHa nporpamarta  “UHTepKoCcMOC” 3a  MeXOyHapOLHO
CbTPYOHMYECTBO B M3CreaBaHeTO M M3MNOM3BaHETO HA KOCMUYECKOTO MPOCTPAHCTBO 3@ MUPHMU Lenu,
KOATO [aBalle Bb3MOXHOCT Ha BCUYKM CTpaHM OT OUBLUMS COUManNMCTMYECKU narep Aa ydacteaT B
KOCMWYECKUTE U3CNEeABaHMS B XefaHaTta OT TAX Hay4Ha obnact u cbC CBOsi HAayYHa anapartypa, kaTo
n3nona3sat 6e3Bb3Me3OHO pyckaTa KOCMUYEecKa TEXHUKA U CbOpbXeHusa. AkagemuuumTe JloGomup
KpbcTtaHoB n Kupun CepadmmoB ot 'eopmsmunmns nHcetutyt (FTON) npu BAH, nssbpluinxa orpomHa
Hay4YHO-OpraHmM3aumMoHHa AEWHOCT, ydacTBalku akTMBHO B Cb3[aBaHETO Ha Ta3u nporpama, Kakto u
BKIOYBAHETO Ha bbnrapusi B Hesl.

HayanoTto Ha opraHn3MpaHoTO y4acTue Ha ObrapcknTe y4eHu B KOCMUYECKUTE M3creBaHus
patvpa ot 1.11.1969 r., korato kbm lNpe3vgmyma Ha BAH Gewe cb3gageHa Mpyna no cuanka Ha
Kocmoca, npepacHana B LleHTpanHa nabopatopusa 3a kocMmnyecku nacneasanus (1974 r.), a noKbCHO
B NHCTUTYT 3a kocMunyeckn uscnensanusa (1987 r.). O6bnactrta Ha uscnegBaHe 6e MoHocdepaTa, KakTo
Ce Hapuya HaeneKkTpusnpaHus Nog BNUSHUETO Ha CITbHYEBUTE MbYM CMOK OT aTtMocdepHaTa obBMBKa
Ha 3emsdATa, OT KOATO 3aBWCKU [0 rofiiMa CTeMneH XMBOTa Ha Hawarta nnaHeta. B Ttasm obnact



Obnrapckata Hayka 6e cb3gana CBOs MOLLHA LKona gobwuna CBeTOBHA W3BECTHOCT U CbBCEM
3akoHomepHO Oe m3bpaHa 3a npoyyBaHus n ot Kocmoca ¢ anapatypa, MOHTMpaHa Ha 6opga Ha
CMBbTHULUN N pakeTu.

MbpBMAT ObNrapckm kocmuyeckn ypeq [1-1, npegHasHayeH 3a OUPEKTHO M3MepBaHe Ha
napameTpute Ha WoHocdepHaTa nnasma (TemnepaTypata W KOHUEHTpauusaTa Ha WoHUTE W
€NeKTPOHNTE, KaKTO M MacoBus cbCTas), belwle n3cTpensH Ha 6opaa Ha cnbTHUKa “UIHTepkocMoc-8”
Ha 1.12.1972 r. bbnrapus ce Hapeau Ha 18-T0 MACTO B CNUCBKa Ha "KOCMUYECKUTE AbpXKasu”, KOUTO
NpsKko M3BexaaT CBOsi anapaTtypa B Kocmoca, cbrmacHo patuduvumpaHus M OT HawaTta cTpaHa
[OroBop 3a kKocMmuyeckata genHocT Ha abpxasute (npuet ot OOH npes 1968r.). Taka 3ano4vHa
“kocMuyeckaTa epa” 3a cTpaHaTta HU M npe3 uamuHanuTte 6nm3o 40 rogvHuM ObArapckuTe ydeHu
yyacTBaxa akTMBHO B CTOTMLUM WMHTEPECHM MPOEKTU B MOYTU BCUYKM 0BNAcTM Ha KOCMUYECKUTE
nacnensaHus. Cneg lN-1 6sxa pa3paboTeHn U yCneLwHo U3CTPEnsHN OLLe Uana cepust oT Gbnrapcku
COHJOBM ypean 3a OUPEKTHO u3cneaBaHe Ha oHocdepaTa u BUcokata aTtMocdepa, KouTo neTdaxa Ha
oopaa Ha cnbTHUUUTE “MHTepkocmoc -12,14 n 19", KakTo N Ha reoduanyHUTEe pakeTn “BepTukan -
3,4,6,7n 10"

BbnHyBawo cbbutme B KOCMMYeckaTa akTMBHOCT Ha Bbnrapusa kbm kpast Ha 70-Te roguHu
DOelwe nogroToBkaTa Ha HayyHaTa nporpama W CTapTbT Ha NbpBUs OGbArapckM KOCMOHaBT [eopru
MBaHoB, crnen koeTo bbnrapusi ctaHa wwectata nopes B CBeTa AbpaBa CbC CBOWM KOCMOHABT.
MoneTsbT, ocblyecTBeH Ha 10-12 anpun 1979 rogmHa Ha 6opaa Ha kocmudeckust kopab “Coros-33"
CbBMECTHO C KOCMOHaBTa Hukanai PykaBuLIHMKOB, GeLue U3KMIYUTENHO CITOXEH U ApaMaTUYeH, Tbi
KaTo nopagu noepeda Ha ABuratens He MoXa fa ce ocbliecTBu ckayBaHe ¢ OC ,CantoT-6". BbB
Bpb3ka C noneta Obnrapckute y4eHu paspaboTuxa anapatypa 3a uscneaBaHust B obnactra Ha
KacMmmyeckaTa pumanka, KocMuyeckaTa MeguumMHa u AUCTaHUMOHHUTE METOAM, KOUTO Bsxa N3non3saHn
OT crneaBaLuTe ekmnaxu.

EOHO OT Ham-3Hauumute ObArapckym HaydHM MOCTMKEHWst B obnacTta Ha KocMmudeckata
nacrneaBaHus bewwe nporpamarta “Bwnrapus-1300”, ocbliecTBeHa npe3 1981 rogmnHa B YecT Ha 1300-
roguwHMHaTa OT Cb3aBaHeTO Ha Hawarta Obpxasa. MgesTta 3a nporpamarta e Ha Kornektuesa oOT
obnrapcku yyeHun K. Cepadpumos, [. Muwes, M. lorowes n N. Kytnes, a ocbLLUECTBABAHETO 1 € B
NapTHbOPCTBO C MHCTUTYTa 3a KOCMMYECKU u3creaBaHusa Ha PyckaTa akagemus Ha Haykute (MKW-
PAH). WskniountenHo akTmBHa nogkpena wumaxa ot akag. b. H. [letpos, npegcepaten Ha
“UnTepkocmoc”, kakto n ot MNpencenartens Ha BAH akag. A. banescku.

Llenta Ha kocMuyeckaTa nporpama ,bbnrapms-1300” e noCTUraHeTo Ha CbLUECTBEHN Hay4YHU
pe3yntaTtu B ABe 06nacTty Ha KOCMUYECKUTE N3CNeaABaHns, B KOUTO HallaTa CTpaHa BeYe MMalle CBoU
Tpaguumm: KkocMudeckata ouanka U AUCTAHUMOHHOTO M3cnedBaHe Ha 3emsiTa OT Kocmoca. Taka no
nporpamarta 6sxa u3segeHyn B opbuta ABa ronemy M3KyCTBEHU CNbTHMKA Ha 3emsaAta Tvun ,MeTteop”.
MbpBUAT cNbTHUK “UHTepkocMoc-Brnrapma-1300” (MK-B-1300) 6ewwe n3usano obopyaBaH ¢ KOMMEKC
OT 6bNirapcka Hay4Ha anapartypa 3a nsy4yaBaHe Ha MOHOCHEPHO-MarHMTocepHNTE B3aUMOLENCTBUS,
N3CTpensH Ha opbuTa ¢ BucoudmMHa okorno 900 km. [NporpamaTta Ha BTOpUst CMbTHUK “MeTeop-
Mpupopa” BknoYBalle y4aCcTMETO HWM C HayyHa anapatypa 3a [OUMCTaHUMOHHO u3yyaBaHe Ha
npupoaHnTe obpasdyBaHnsa Ha 3emdarta OT no-Hucka opbuta (650 km).

PvkoBogutenu Ha nporpamarta ,Bwnrapusa-1300" 6sxa akag. K. CepadumosB u akag. A.l.
MocudsiH, cboTBETHO OT Gbnrapcka v pycka cTpaHa. OupektopbT Ha MKWU-PAH akag. P.3. Carpees
Moco4Ynm 3a CBOM 3aMECTHUK U OTroBOPHMK 3a npoekta B.M. BaneGaHoB. [upeKkTopu M Hay4Hu
pbkoBoguTenu 6saxa: 3a “UK-B-1300” - Cr1. YankbHoB, U. KytneB n M. lNorowes/ B. Apacko, a 3a
“MeTeop-Ipupoaa” - npod. A. Muwes/ npod. . BeTtrnos.

CnbTHUKBLT “UHTepkocmoc-Bbnrapua-1300~

OcHoBHaTa 3ajaya Ha nbpBaTta YacT OT nporpamara - B obnactra Ha Kocmudeckata usuka,
€ pasKpuBaHETO Ha MexaHu3Ma Ha NPeHOC Ha eHeprus oT CNbHLUETO KbM 3emsaTa BbB BPEMETO U
NpOCTPaHCTBOTO. 3ajayata Ce YCrNoXHsABa OT HeOoOXOAMMOCTTa OT KOMMJIEKCEH NoAxod KbM
n3yyaBaHeTO Ha sIBMeHudTa, npoTuyawim B MoHOcdepaTa U mMarHutocdeparta. VMHuumatMeBaTa Ha
Obnrapckute y4yeHm e He caMo 3a paspaboTkaTa Ha nporpamata 3a W3crnefBaHus, HO U 3a
Cb3JaBaHETO Ha CaMWUTE Hay4YHWU Npubopu n meToamKaTa 3a N3MepBaHuS.

KomnnekcbT HayyHa anapaTypa Ha cnbTtHuka ,MK-B-1300" (cHumka Ha Qur. 1) e
npegHasHa4yeH 3a M3MepBaHUsA Ha MOHOCepHaTa nnasma U BUCOKOEHEPTMUHUTE MOTOLM 3apeneHu
YacTuuM, MOCTOSIHHM U MPOMEHNMBU E€MNEeKTPUYECKM U MarHUTHW MnoreTta, CBETEHETO Ha BUCOKUTE
crnoese Ha aTMocdpeparta B yNTpaBnoONeToBMS 1 BUANMNUS AManas3oH Ha cnekTbpa [1].
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Ha 3emsaTta ¢ ToyHocT +/-1°, ¢

®ur. 1. CH1MKa Ha cnbTHUKA “UIHTepkocMoc-Benrapumsa-13007, ususano obopyasaH ¢ 6bnrapcka
Hay4Ha anapaTtypa 3a u3cneasaHusi B obnactta Ha KocmmuyeckaTa gpusmka

CnbTHUKkLT ,MK-B-1300" e usBegeH Ha 07.08.1981 r. oT pyckusa kocmogpym ,llneceux”,
ApxaHrencka obnact, Ha no4Ty nonspHa opbuta ¢ HaknoH 81.2°, nepuren 825 km u anorei 906 km.
CnbTHUKBT € ¢ 2 naHerna CribHYeBM GaTepuu, C oOpyeHTauns Ha ocTa My Mo HafnpaBfneHve Ha pagvyca

ocuUrypeHa xepmeTusaumsi U TeMnepupaHe Ha ernekTpoHukaTa,

pasnonoxeHa BbTpe B kopnyca. HayyHusaT komnnekc e cbeTtaBeH oT 12 ypepa - 11 oT Tax 3a
MarHuTocgepHo-NoHoChEPHN MU3CNeaBaHNs U fnasepeH oTpaaTen 3a reogesnyHn mamepBaHus. B
Tabnuua 1 ca gageHW HauMeHOBaHWMETO, NpefHa3Ha4YeHUeTo M 0B03HAYEeHMETO Ha BCEKU OT THX,
BOAELWNTE OBbNrapckn y4eHu - manum N NHXEHEPU, KakTo U OTroBOPHULMTE (KypaTopuTe) OT pycka
CcTpaHa.

Tabnuua 1. KomnnekcbT 6Gbnrapcka HayvyHa anapartypa Ha cnbTHuka ,MK-b-1300"

Ne | Ypeau v npegHa3HayeHue | O6o3HaueHme | Bopgewm y4eHu
1. Mna3meHu uscnedsaHust:
1. | MoHen yrosuTen n6-Un T. MBaHoBa, T. Camapgxues, C. CanyHoBa,
".J1. TmaneBny
- . no-1 1. BaHkos, b. Kupos, M. lNywesa,
2. | VioHen ppeitcp B.I'. W\ctomuH
< T. BaHoBa, K. 'eopruesa, . KocTos,
MoHocdepHa nnasma n7-3n B.b. [y6oKMiA
4. | EnekTpoHHa TemnepaTtypa OVNET B. Mapkos, [. Teogocues, X. brinsHakos
AHanusaTop Ha Macu 1 eHeprumn Ha - M. HeHoBcku, N. CemkoBa, P. Konera,
o AMEN o
NOHU O. Baricbepr, B. CmMupHoB
Il. UsmepeaHe Ha nomouu:
AHanunsaTop Ha HICKOEHEePIUHU L. Oaues, U. Boromnnog, 0. MaTtsenyyk,
6. AHENE
NPOTOHU U eNEKTPOHU M. Tenuos
7. | CnekTpoMeTbp MPOTOHHU NOTOLUM MPOTOH-1 K. Kazakos, W. lNeoprues, H. H1ukonaesa
lll. U3mepeaHe Ha enneKmpuYecKUu U Ma2HUMHU rnosiema
8. | EnekTpoctatuyHu noneta MECH . Crares, [1. Teonocues, M. MeTpyHosa,
B. Ymbipes
9. | MarHuTHO none MMATI A. Boues, U. ApwmHkos, J1. KOcros
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N. Onmu4Hu usmepeaHus
10. YnTpaBronetoBa CNeKTpoMeTpuyHa ®OTOH-1 M. Forowes, b. MeHgesa, C. Cbprowyes,
cucrema J1.MN. CmnpHoBa
CnekTpodoTOoMeTHbp 3a BUanmara M. lNorowes, H. MNeTkos., L. MNorowesa, A.
11. EMO-5
obnact Ky3muH
V. Neode3uYyHu usmMepeaHusi
12 OnTunyecka nasepHa once H. leoprues, An. Xagpxunckn, Bn. ukos I
' | cBeTnooTpaxarenHa cucrtema KpbcTes

KomnnekcbT HayyHa anapaTypa e pasnonoxeH B obbpHataTa kbMm 3emaTa 4acT Ha
KOCMMYECKMst anapaT, OTKbAEeTO C MNOMOLLTa Ha [aTyuMKoBM cucTtemu cbbupa wmHdopmauums 3a
MarHWTHOTO MoJe 1 3a eNeKTPMYECKOTO nore Ha 3emsaTa, napameTpuTe Ha 3aobuvkangawara CibTHMKA
nnasma, KakTto u onTMYHUTE eMmcumn OT MoHocdeparta, Hamupalla ce nog opbutara my. MHoro ot
aTtymunTe ca pasnosioXKeHn Ha pa3rbBalln Cce cnen CctapTa WaHrim ¢ pasnnyHn ObIKMHK, 3a Aa ce
nsberHe BNUAHMETO Ha CMYLLEHMATa OKOMO KOpryca Ha CMbTHWKA BbPXY M3MepBaHUTE napameTpu
(dwr. 2).

3 — ynmpasuonemoeg homomemnp ®OTOH-1

4 — usmepsamen npomoHu NMPOTOH-1

6 — usamepeamen Ha ennekmpocm. nonema WECI]
8 — onmuyeH enekmpogpomomemnbp EMO-5

9 — uamepsamern Ha nocm. mMazH. nonema WECI]
10 — usmepeamen lioHocehepHa nnasma [17-3J1
11 — nazepeH ompaxamen OJICC

12 — usmepsamern KoHyeHmpauus toHu 6-UJl
13 — uamepsamen macHumHu rionema UMAII

14 — usmepsamen enekmpocm. nonema WECI]
15 — usmepsamen enekmp. memnepamypa OVET
16 — usmepseamen Ha dpeltipa M[-1

17 — aHanusmop loHu AMEW

18 — aHanusamop loHu u enekmpoHu AHETE

dur. 2. PasnonoxeHne Ha gatymumuTe Ha ypeaute BbpXy Kopryca M Ha LWaHrv Ha cnbTHuka ,MK-B-1300"

OnucaHuve Ha KOMMJIeKca Hay4Ha anapartypa Ha ,,MK-B-1300”

1. WoHHusaT ynosuten M6-UN” e 3a wnsvmepBaHe Ha WOHHATa KOHLUEHTpauus,
HeegHOPOOHOCTM B Hes W MOHHaTa Temnepatypa B okonosemHata nnasma [2]. CbcTtom ce ot
MOHTUpaH B Kopnyca Brnok enekTpoHuka, ynpasnsealy paboTaTta Ha ypeaa no 3agageHa umknorpama
M YacTuyHo o06paboTBaly, Mony4YeHWTe BONMT-aMNEPHM XapakTEPUCTMKM W OBa Jatyvka —
TPUENEKTPOaEeH M YeTUpuenekTpoaeH cdepuyHn WOHHWU ynosutenu (dur. 3). [OuanasoHuTe Ha
n3mMepBaHUTE NapameTpu ca: NoHHaTa KoHueHTpauus N; - 10% — 10° sm™; iioHHaTa Temnepatypa T; -
500 -5000 K n macosusi cbetaB M, - HY, He*, O'. OtaoenHo ce n3paboTBa KbM BCEKM OT ypeauTe
KoHTponHo-usnutateneH nynt (KM B-1300), umutnpaw, namepsaHuTe napameTpu U CryxebHute
CUCTEMU Ha CMbTHUKA MO BPEME Ha U3NUTaHUATA.

2. Ypen 3a namepBaHe Ha WOHHUA apend ,,UO-1" - noHHaATa koHUEeHTpauusa N; - 10% - 10°
sm, iioHHaTa Temnepatypa T; - 500 -5000 K u HagnbXHaTa KOMMOHEHTa Ha WOHHUA Apend ce
onpegenaT ¢ MNomoLluTa Ha nnocka coHaa Ha Jlenrmioop [3]. LpehdoBata CKOPOCT Ha NMOHUTE B
NnoHocdepaTta HanmpeyHo Ha nocokaTa Ha ABWXEeHWe Ha ChbTHMKa B guanas3oHa 0,1 - 4,5 km/s ce
onpegens c Nrnocka coHda Ha CerMeHTUpaH KonekTop.
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dur. 3. KomnnekcbT HayyHa anapaTypa Ha noHHus yrnosuTen 16-UI1 sBknoysa briok enekTpoHuka,
ABa chepuyHM gaTynka MOHTUPaHM Ha WwaHrn u3sbH kopnyca n KM B-1300 3a npuemo-npegaBaTtesiHm
N3NUTaHns

3. Ypep ,,M17-311” 3a uamepBaHe Ha NoHocchepHaTa nnasma: enekTpoHHaTa TemnepaTypa -
Te — 1000 — 10 000 K 1 enekTpoHHaTa KOHUeHTpauus Ne - 5.10%° - 3.10° sm'3, KaKTO U MacoBuS CbCTaB
Ha noHute M; - H', He", O" [4]. CwbcTom ce oT gatumk (LMnMHOPWYHA coHAa Ha JleHrmiop) u 610k
€IeKTPoHMKa, B KOWTO ce u3paboTBaT M MnogaBaT KbM JaTyvka TPUOHOODPa3HU HamnpexeHust C
noaxodsiia Npoab/IKUTENHOCT U amnnutyaa. bnokbT ocurypsia pabota Ha ypeda no onpegerneHa
LmKnorpama c uern ga ce Hamanu B3auMOoBIIUAHNETO MeXay eKCnepyMeHTUTe.

4. Ypen ,,AUET” 3a gupeKTHO M3MepBaHe Ha efieKTpoHHaTa Temnepartypa T, - 1000 —
6000 K 1 KoHueHTpaumsTa Ha enektpoHute N, - 5.10° — 10° sm™ B ioHochepHaTa nnasma.
[aTtumkoBata cuctema npeacTaBnsBa ABe WOAEHTUYHW no3nateHun cdepudHu coHam Ha JleHrmiop ¢
anameTtbp 80 sm. PaboTu Ha MogynaLMoHeH NpUHLUMA.

5. AHanM3aTop Ha Macu U eHeprum Ha MoHu ,, AMEWN” - LMNUHAPWUYHN eneKTPOCTaTUYHY
aHanusaTopu OCbLLECTBSBAT €HEeprumHua aHanms, a NoCTOSHEeH MarHUT - MacoBOTO pasfensiHe C
npeaBapuUTeNiHO ycKkopeHue Ha noHuTe o 1 keV [5]. lnanasoH Ha uamepBaHe Ha eHeprum: 1-30 eV un
0,2 - 8 keV/3apsa; auanasoH no macu: 1 - 64 A.M.U. ¢ paspelueHue - no eHeprua AE/E = 11% n 7%
n no macu M/AM = 20.

6. AHanM3aTop Ha HUCKOEHepPrumHu NPoToHn u enekTponm ,,AHENE” - 3a nscnegBaHe Ha
L,fopeLa” MmarHuTocdepHa nnasma B eHeprneH gnanasoH 0,2-15 keV 1 mexaHuamm Ha ycKopsiBaHe Ha
3apegeHuTe vactuum [6]. OeBeTkaHaneH aHanmM3aTop Ha HUCKOEHEPTMWHW MOTOLU EMEeKTPOHN U
NPOTOHM OT TpWU B3aUMHOMEPNEHOUKYNSAPHU MNOcokn. CbCTOM Cce OT KOoNMMMauMoOHHa cucTema,
enekTpocTaTnyeH LUMnmMHapuYeH aHanusaTtop, KaHaneH €NeKTPOHEH YMHOXUTEN,
3apagodyBCTBUTENEH ycunBaTen, OUCKPUMMHATOP, opMupoBaTen Ha formyecku umnync, 6nok
fiorvka 3a 3ajaBaHe Ha pasfuMYHU pexmnmm Ha paboTa, BUCOKOBOMTOB reHepaTop Ha CTbMNanoBUAHO
HamnpeXeHWe U BUCOKO HamnpeXeHve 3a 3axpaHBaHe Ha KaHanHu yMHOXUTenu. YyBCTBUTENHOCT Ha
notok: 10%-10° yact/cm?.ster.s.keV, paspeluaBalla cnocobHocT no eHeprus: E = 22-40%, anepTypeH
brbn: 10°x 20° n ONHaMU4eH gnanasoH: 10°.

7. CnektpomeTbp MPOTOH-1 - 3a n3amepBaHe Ha NPOCTPAHCTBEHW N BPEMEHHW Bapualuun
Ha MPOTOHHWM noTouuM B 4 cnekTpanHu auanasoHa (90 keV - 1 MeV) [7].Cbcton ce ot 6Gnok
erneKkTpoHnka 1 6ok gaTtyuk, opopMeH Ha OCHOBaTa Ha NOBBPXHOCTHOGapMepeH NonynpoBOAHUKOB
cunuumes getektop. KonumatopHata cuctema e ¢ brbn 20°, a MarHUTHaTa cuctema OTKIOHSBa
enekTpoHuTe ¢ eHeprum o 500 keV.

8. UsmepuTten Ha enekTpoctatuyHute noneta ,,MECI” - namepsa enekrpuyHuTe noneta
(EMM) no wmeToga Ha pfBOMHaTa COHAA, KaTo 4yBCTBUTENHUTE enemeHTM ca 4 cdepu cbC
CTBKNOBBLINEPOOHO MNOKpUTUE, a MarHuTHUTe noneta (M) ¢ 2 cdeposoHaoBu MarHutomeTpa [8].
CdheprTe 1 MarHUTOMETPUTE Ca Pa3nofoXeHW Ha OTBapsLUM ce LWaHrM Ha pasctosiHue 4,5 m ot
cnbTHUKA. /IamepBa: BekTOpa Ha kBasnnoctosiHHoTo ElN B gnanasoHa +/- 500 mV/m ¢ paspeluuntenHa
cnocobHocTt 0,6 mV/m un YecTtoTa Ha 3anuTBaHe 12,5 Hz; Bektopa Ha EIN B yecTtoTHUSA gmana3soH 0,2-8
Hz B ananasoHa +/-100 mV/m c paspewmtenHa cnocodHoct 0,1 mV/m 1 YyectoTa Ha 3anuTBaHeTo 17
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Hz; Bektopa Ha MI1 B 4ecToTHMs guanasoH 0,2-8 Hz B amanasoHa +/-170 nT u +/- 17 nT c
paspelwmTenHa cnocobHocT 0,2 nT n 0,02 nT 1 YecToTa Ha 3anUTBaHeTo 17 Hz; cnekTpuTe Ha edHa
KomnoHeHTa Ha MM n El ¢ nomowTa Ha 8-kaHaneH MNTPOB CreKTpoaHanmMsaTop C 4YecToTa Ha
3anutBaHeTo 12,5 Hz; aBTOKOpEenaunmoHHUTE PYHKLUMM Ha CbLUMTE KOMMOHEeHTU Ha MIT n EIll, kato
BCSIKO OT TAX ce uaumcnsaea 3a 0,63 s.

9. MaruutomeTbp ,,MMAI” n3amepsa Tpute KOMNOHEHTU Ha UHTEH3UTEeTa Ha Ml Ha 3emsTa
C LUen m3yvyaBaHe Ha enekTpuyeckuTe TOKOBEe, Teyaluym no cunoBute nuHuu Ha MM (HagnbXKHK
TOKOBE), KOUTO MrpasT BaXkHa pons BbB B3auMOBpbB3KaTa Mexay MarHutoccepaTa um noHocdepaTa
[9]. BnokbT enekTpoHUKa € pasnonoXeH B XepMEeTUYHUS OTCeK Ha ChbTHWKA, AaTdynumte ca
MOHTMPaHM Ha LWaHra c gbiknHa 1.2 m. PaspaboTeH Ha npuHMuMna Ha epo30oHOoBUTE
MarHMToMeTpu C KOMMeHcupalla HamoTka C AuMana3oH Ha mamepBaHe: +/- 64 000 nT B 4yecTOTHUA
ovanasoH (3 g6) 0-1 Hz, pasgenutenHa cnocobHocT 2,5 nT, ToyHocT 0.025 % u 4yectoTa Ha
3anuTtBaHe 12,5 Hz.

10. YntpaBuonetoBa cnekrpomeTpuyHa cuctema PDOTOH-1 - 3a wu3cnegBaHe Ha
BaKyyMHUS1 ynTpaBuomneT B AvanasoHa 115-259 nm mn n3amepBa: cnekrbpa B paboTHMS guanasoH B
3aBMCUMOCT OT reorpadckata M reomarHutHaTa LUPWHA, MECTHOTO Bpeme, CrnbH4YeBaTa W
reMmarHuTHaTa akTMBHOCT, pasnpefeneHMeTo Ha KOHLUEHTpauusi Ha enemMeHTU B Makcumyma Ha F
crnos; pasnpefeneHneTo Ha aToMapHUs BOAOPO4 W CMEKTpanHOTO  pasnpegenieHve  Ha
YNTPaBMONETOBUTE EMUCUM B MOMSIPHUTE CUsiHUA. Bpeme 3a nbneH uuMkbn Ha ckaHupade: 290 s,
AMHAMUYEH AnanasoH Ha MHTeH3nBHocT: 100 R - 50 000 kR v brbn Ha nonespeHue 9°.

11. CnektpocdpoTomeTbp EMO-5 - 3a mscnegsaHe Ha BpEMEHHUTE U MPOCTPAHCTBEHUTE
XapaKTepPUCTUKM Ha ONTUYHM eMUCUMM OT BuAMMATa YacT Ha cnektbpa [10]. N3amepBa MHTEH3UBHOCTTA
Ha crnegHuTe cnekTpanHu nuHun: 732, 630, 557,7 n 486,1 nm B nogcnbTHMKOBaATa Touka. Cbabpxka
OBe (OTOMETPUYHN cCUCTEMU: cucTeMa UNTPU 3a NepuoanvyHoO U3MepBaHe Ha chnekTbpa 16 s,
CYyBCTBUTENHOCT 5 R, AWHaMun4yeH guanasoH 1.10* n cuctema NPOCTPaAHCTBEHO CKaHuWpaHe 2 S,
yyBCTBUTENHOCT 50 R 1 AnHaMuyeH ananasoH 0,5.10%

12. OnTtuyecka nasepHa cBeTno-oTpaxarternHa cuctema (OJICC) - 3a u3BbpLIBaHe Ha
nasepHa rokauus n ce CbCTou OT 84 oTpaxaTerHuM TPUBIbITHW NPU3MKU, 3aKpeneHn Ha ObHOTO U Ha
YeTUpUTE CTpaHM Ha MpaBuUSiHa nNpecevYeHa YeTUpUbIbiHA Nupamuga ¢ Terno camo 4.5 kg n manku
rabaputn. Jlokaumata Ha cnbTHUKA Ge ocbllecTBeHa OT 14 nasepHW CTaHuuW, PasnoriokeHu Mo
uenuna ceat n ¢ Hag 2000 namepBaHns Ha PasTOSHUS 0 Hero.

Ot naptHbopuTe HM B IKN-PAH ca npegoctaBenn obwo 750 ceaHca ¢ f4aHHM OT ypeanTe Ha
KOMIreKkca Hay4Ha anaparypa, nofny4yeHu no TenemMeTpuyHaTa cuctema Ha cnbTHuka ,MK-B-1300” no
BpeMe Ha 18-meceyHata my paboTa - nbpBu ceaHc 91 (13.08.1981) n nocnegeH 7893 (16.02.1983).
Te ca obpabotenn B LJIKU (MKN) - BAH un ca 3anoxeHun B baHkaTta 3a gaHHW OT CMbTHMKOBU
eKCrnepuMeHTH, 06BbpP3aHN C HAaBUraUMOHHUTE NapaMeTpu 3a CbOTBETHOTO YHMBEpPCarHo Bpeme. Kbm
2000 r. ca npexBbpneHn B undpos Bug Ha CD 3a no-gobpo cbxpaHsaBaHe obwo 395 ceaHca: 189 3a
1981r.,1913a21982r. 14 3a 1983 .

BTopmaT cnbTHUK Ha nporpamarta “bbnrapna-1300”

BTopuaTt cnbTHUMK Ha nporpamata “bBwnrapmna-1300” - ,Meteop-lpupoga” 3a gUCTaHLUMOHHO
n3yyaBaHe Ha npupogHuTe pecypcu Ha 3emsaTa, 6e mnactpensH Ha 10.07.1981 r. BcMykn MOHTaXHU
OEVHOCTU M M3NUTaHUSA Ha anapaTypuTe Ha CNbTHUKa BsXa U3BbPLUEHM C HEMOCPEACTBEHO yyacTue
Ha Obnrapckute ydeHu M cneumanuctTu Ha kocmoapyma “lnuceuk”, cnep KoeTo CMbTHUKBLT 6e
npeHeceH A0 “BalkoHyp” U U3BEAEH B CITbHYEBO-CMHXPOHHA OpbUTa Ha BUCOYMHA 650 KM; brbn Ha
paBHUHaTa Ha opbuTtarta cnpsimo Exksatopa — 97°; nepuog — 98 + 1 MUH; TOYHOCT Ha OpUEHTaLMs No
TpuTe ocm - 1°[11].

KomnnekcbT HayyHa anapatypa “TaHrpa” MOHTMpaH Ha 6opaa Ha CNbTHUKA, BKIHOYBaLLE
KakTo Obnrapckute 32-kaHaneH cnektpoMeTbp CMIM32 n CBY-pagmometep PM1, Taka n pyckuTe
CBY-pagnometsbp PM2 1 ckaHep cbC cpedHo paspeweHne MCY-C (Tabnuua 2). KomnnekcoT ce
pasrnexgalle kaTo eguHHa WMHOPMaLUMOHHO-U3MepBaTenHa CMCTeMa B CbCTaBa Ha KOATO BNu3ar
MbpBUYHUTE M3MepBaTenHu npubopu, cuctemata 3a €AMHHO YMNpaBfieHWe Ha aBTOHOMHOTO
YHKLMOHUPaHe 1 3axpaHBaLLmTe yCTPOMUCTBA.

Tabnvua 2. Benrapcka Hay4yHa anapaTypa Ha cnbTHuka ,MeTeop-lprpoaa”

Ne Mpubop 0O603HaveHue OCHOBHM XapaKTepUCTUKU
CnekTpaneH guanasoH: 450 — 900 nm
MHorokaHaneH cnekTpomMeTsbp, Bbpown kaHanu: 32
1. BbB BuauMmaTa un bnmskarta CMIM-32 LUnpuHa Ha cnekTbpa Ha kaHan: 14 nm
WHpavepBeHa obnact CkaHupaHe Mo CneKkTbp: eNeKTPOHHO
EnemeHT Ha paspelueHune: 280 x 280 m
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PaboTHa obmkuHa Ha BbnHaTa: 4 cm
YyBCTBUTENHOCT NPU BPEMEKOHCTaHTa
1sec:0.7K

OunHamnyeH amanasoH: 140 — 340 K
BpemekoHcTaHTK: 0.5; 1.0; 2.0 sec
‘brnoBo paspelleHue Ha aHTeHaTa: 3 deg
[aHHu: 8 paspsga

ApnpecHa maructpana: 16 paspsiga
EnemeHTapeH umkbn (TakT): 2 psec
OnepatusHa nameT: 8 kbanTa

2. MwuKpOBBLITHOB pagnomMeTbp PM-1

Bnok ynpaenexuve - bopgosu
3. KOMMIOTBP Ha 6asaTa Ha 53%
Mukponpouecop CM600

CreuuanHo e npoektnpaH 6opgosu kommioTep (BY) ¢ 6bnrapcko ydactme, KOMTO ynpaBnsea
paboTata Ha HaydHuTe npubopu, cbbupaHeTo, obpaboTkata W perucTpauusiTa Ha MacusuTe OT
faHHu. Tosu BUCOKOHagexaeH BY nogabpka BCUYKM KOMyHMKaUMM C YCTpOMCTBATa Ha camus
KOCMMYECKM anapaT KaTo ynpaBnsdsallM KOMaHgwu, CcurHanm 3a edvHHo 6opaoBo  Bpeme,
NPEBKITOYBaHE Ha paamno-KOMYHUKaALNOHHM kKaHanu, n3bop Ha 3axpaHBallm yCTpoucTBa v ap.

OcHoBHaTa Len Ha uscnefBaHuaTa ¢ KOMMNekca anapartypa Ha cnbTHuKa ,MeTteop-lMpupoaa”
0e pa ce yctaHoBM Bpb3KaTa Mexay pasfnuyHu NpupogHu obpasyBaHUs U TEXHUTE CbCTOSIHUS C
OTPa3eHOTO M U3MBbYEHO ENIEKTPOMArHUTHO NMbYeHUEe BbB BUAMMUS U Onuskus nHgppadepseH n CBY
OuanasoHuM Ha enekTPOMarHUTHUS cnekTbp. KbMm Teau m3cneaBaHus umalle U3KMUYUTENHO ronsm
WHTEpeC, 3alloTO AaBaxa HOB BWA OMUCAHWE Ha NPUPOOHWUTE 0Opa3yBaHWst U TEXHUTE CbCTOSAHUS
ype3 06EKTUBHU (PU3NYECKN XapaKTEPUCTUKM.

HayyHata nporpama crnomorHa 3a pelaBaHe Ha 3ajayu B obnactrta Ha ekonorusaTa,
KnumaronoruaTa, kopabonnaBaHeTo, ONas3BaHETO Ha MPUPOOHMTE Pecypcu U MHoro apyru. Ha
TOraBallHUSA eTan OT pa3BMTUETO Ha KOCMWYECKNTE CUCTEMW 3a M3y4YaBaHe Ha OKOnHaTa cpeda Hau-
akTyanHu 6axa npobnemuTte ¢ ngeHTUdmrKaumsaTa Ha pasnuMYHMTE NPUMpPogHN OBeKTn 1 oueHkaTa Ha
TSIXHOTO CbCTOSIHME C HeobxogumaTa 3a noTpedbuTenuTe OOCTOBEPHOCT, KakTo M oTpaboTkarta Ha
METOAM 3a AMCTaHUMOHHO U3MepBaHe Ha napamMeTpuTe Ha 3eMHaTa MOBBbPXHOCT U aTmocdepara.
MHorokaHanHusa cnektpomeTbp CMI32, ¢ OTHOCMTENHO BMCOKA MNPOCTPAHCTBEHA pasdenutenHa
cnocobHocT, 6e n3nonseaH B eKCNepmMMeHTN HENOCPEACTBEHO CBbP3aHM ¢ obpaboTkaTa 1 aHanusa Ha
MHOrOKaHarHu crekTpanHu BUAEO4aHHM 3a Pa3NINYHN eTanoHHW NpUpogHn 06ekTu. MiamepBaHusaTa Ha
MUWKPOBBITHOBOTO M3nbyBaHe B M3OpaHu 4 cnekTpanHu nHTepsana Ha CBY paguomeTtpute PM1 n
PM2 nossonu ga ce m3cnegBa C BMCOKa TOYHOCT AMHaMuMKata Ha TemnepaTypata Ha MopckaTta
MOBBPXHOCT, MbMHOTO BNaroCbAbpXaHWe Ha aTmocdeparta, BOOHOTO CbAbpXaHue Ha obravHaTa
MoKpMBKa Hag MopeTaTta U OKeaHWUTe, ONpedensHe Ha 30HaTa Ha BanexuTe, CBONCTBaTa Ha negeHata
N CHeXXHaTa MOKpMBKa.

BaxHa cbcTaBHa yacT oT paboTata no npoekta Gelle Cb3gaBaHETO Ha Ha3eMHU MyHKTOBE B
Codmsi 1 MockBa 3a npuemaHe, NbpBUYHaA 006paboTKa M pernmcrpauus Ha KOCMUYECKUTE [OaHHW,
obopyaBaHe CbC CbBPEMEHHA W3YUCNUTENHA W pPEerucTpaLMoHHa TeXHMKa 3a CbXpaHsiBaHe Ha
CNEKTPOMETPUYHUN, PALNOMETPUYHN N TENEMETPUYHN AaHHM HA MAarHUTO-CbBMECTUMM HocuTenu. 3a
nepmoga Ha pabota Ha cnbTHuKa, oT 1981 r. go 1983 r. 6e HaTpynaH orpomeH obem Hay4yHa
nHcopmaums. EkcnepumeHTanHuTe pesyntatn 6sixa o6oblweHn B COOPHMK C HaydHu Joknagu
~ANCTAaHUMOHHO coHaupaHe Ha 3emsAta cbc cnbTHUK “MeTeop-lMpupoga”. Pycko-Obnrapcku
ekcnepumeHT (B-1300-I1)".

Mpe3 nammHanute 30 roamMHu pesyntatute oT obpaboTeHaTa Hay4YHa MHOpMaLus, nonyveHa
OoT Obnrapckata anapaTypa no TenemeTpudta Ha [BaTa CMbTHMKA, Ca [AOKNaBaHM Ha MHOrO
HaUMOHaNHM N MexXayHapo4HU Hay4yHu opyMn M uma Jobpo cbBnageHue ¢ U3MepBaHus OT Apyru
cnbTHUUM [12, 13]. MNo cny4yar YyectBaHeTo Ha 10-roguwHMHaTa Ha nporpamara ,bbnrapma-1300” e
cbeTaBeH ,bubnunorpadcku katanor - 1981-1991 r.” ot konerute K. Neoprmnesa, A. bouyeB u J1. MaTtees
nog pegakumsaTta Ha akag. [. Muwes, B KOWTO ca ycnanu ga cbbepaT 236 HayyHM TpyaoBe Mo Tasu
Tema. ToBa ca MoHorpaduun, nybnmkauuun, Ooknagu, aBTOPCKU CBUOETENCTBa, OTpassiBally Hay4HO-
uscnegosaTenckata AeNHOCT Mo npoekTta, nposegeHa B LKW, UKW, UJIC3B, T®dU, kakto u
N3MUNPAH n NUKW-PAH - oT pycka cTpaHa. He Moxaxme Aa M3ACHWM TOYHO KOMKO Ca HayvyHuTe
nyonukauum no pesyntatute OT U3cnegBaHuATa gocera, HO Mpy 3anMTBaHe C KMO4YoBa Ayma
.bbnrapna-1300" Ha cuctemata ADS Ha HACA u Xapsapg vanusat 187 nybnvkaumm u 222 yutarta,
KOETO onpefens pa3no3HaBaemMocT Ha paboTaTa HM Mo TO3M NPOEKT 1 B CBETOBEH MaLlab. KaTto nspas
Ha Npu3HaHWe Ha 3acnyrmTe KbM YecTBaHeTo Ha 1300-rogunHMHaTa OT Cb34aBaHETO Ha ObnrapckaTa
ObpxaBa, BOAelWnTe y4YeHn Ha nporpamarta ,bbnrapua-1300” nonydmxa npe3 1981 r. wo6unenHu
Medanu ¢ rpamoTu, a npe3 1984 r. Han-BUCOKUTE ObpXKaBHU OTNnuns - opaeHun ,Ctapa nnaHuHa” m
~Kvpun n Metoguin”.

MocturHatuTe B anores Ha pas3BUMTMETO Ha KOCMMYEecKaTa Hayka y Hac pesyntatm ce
BHeApsiBaxa W B MpakTukata. Tasu TeHaeHums npoabikaBa U ce pas3BMBa OCOOEHO CUMHO B
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nocnegHWTe roouHW Ha Kpu3a, B KOUTO MPOEKTHOTO (OUHAHCKMpaHE € OCHOBHUSIT WM3TOYHMK Ha
cpefcTBa 3a Haykata. Hanpuvmep BK/OYBAHETO HM B CUCTEMA 3a AUCTAHLUMOHHM U3CreaBaHus Ha
3emsaTa ype3 npoektn pmHaHcmpanu ot EC, 3a rmobaneH MOHUTOPWHT Ha OKONHaTa cpefa v 3awuTa
OT NpupoaHu 6efCcTBMSA, € MPUOPUTET 3a Pa3BUTUE HA KOCMUYECKUTE U3CneaBaHus y Hac.

M3kasBam cbpaeyHa bnarogapHOCT 3a npegocTaBeHuTe martepuanuy Ha konernte ot MKUT-

BAH, yyacTHMUmM B nporpamata ,Bbnrapna-1300": . Cemkosa, M. MNywesa, L. Jaues, [. MNeTkos, T.
CraHeB u J1. baHkoB, Ha Be4ve neHcuoHupanute ce WN. Kytues, A. bodyes, H. baHkos, Ha . Oumntpos
ot HUITT-BAH 3a ypepa OJICC, kakto n Ha [1. bopucosa u W. [laHoonoeB 3a TexHU4YeckaTa NnomolLL
npu cebupaHeTo Ha nHdopmaumsTa.
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¢hasoeasi NIOCKOCMb, HEJMUHEUHOe ypagHeHuUe, 3axgam Yacmuy, 60JIHO80U rnakem, persimueucmcKul UMnysibc

Ab6cmpakm: Ha ocHoee uucrieHHo20 aHanu3a uccriedoeaHa cmpykmypa ¢haszoeoli rrockocmu rpu
CEPEHOMPOHHOM  YCKOPeHUU  Cr1abopenisimueuCcmCKUX — 3/1EKMPOHO8  MPOCMPAHCMBEHHO  JTOKaUu308aHHbIM
raKkemom 3/1eKMPOMacHUMHbLIX 80J/IH C JIOPeHUoscKol oaubaroweli amnaumyObl 6 KOCMU4YecKoU riasme.
UccnedosaH 3axeam yacmuy 60SIHOBbIM MaKEMOM 8 PEXUM YfbmpapessmueucmcKko2o CepgOmMpPOHHOZ0
YCKOPEHUs1 C ysefludeHUeM sHepauu 3apsi0oe Ha mpu nopsioka eefuyquHbl U 6oriee ucronb3ysi HesuHelHoe
ypasHeHue Onisi ¢ha3bl nakema Ha Hecywel 4yacmome 8 Mecme HaxoxOeHusi yckopsiemol yacmuubl. Ans
crabopensmusucmcKux 3apsidoe 3axeam Yyacmul 8 PEXUM cepghuHaa B03MOXEH U NPU HEBLIMOTHEHUU yCo8uUsl
4YepeHKOBCKO20 pe3oHaHca Ha HavalbHOM 3mare ux esaumodelicmeusi ¢ nakemom. M3yvyeHa epeMeHHasi
AuHamuka fpoyeccos 3axeama U nocredyroweao yabmpapesmueUuCmCKo20 YCKOPEHUST Yacmuy, C y4emom ux
UUKITOMPOHHO20 8paueHusi, paccMompeHa cmpykmypa ¢a3oeol Mniaockocmu uccredyemMozo HenuHelHo20
ypasHeHus1. [MokazaHo, ymo 0nsi 3axeavyeHHoU Yacmuubl ¢ha3oeasi MiocKocmb umeem 0Cobyr0 MOYKy muna
ycmolivuebili ¢pokyc. [Mpu cunbHOM ycKopeHuu Habrdaemcsi cyulecmeeHHas iokanusayusi mpaekmopull Ha
¢haszoeol nnockocmu 8 oKpecmHocmu ¢hokyca (KoHOeHcauusi yckopsieMbix 3apsidoe Ha OHO aghchekmueHOoU
rnomeHyuanbHol siMbl). U3yyeHa epemeHHasi, OuHaMuka KOMIMOHEHM UMIyfbCa 3ax8a4yeHHbIX 371eKMPOHO8.
@opmynupytomcsi  onmumaribHble ycrosusi Ons  peanusayuu  MakCUMaibHO20  yibmpapesissmusucmcKoeo
cepOMPOHHOZ0 YCKOPEHUSI Yacmuly, MPOCMpPaHCMEEHHO JTIOKanu308aHHbIM 80/THO8bLIM TAKemoM 8 KOCMUYeCKoU
nnasve.

ON THE PHASE PLANE STRUCTURE FOR SURFATRON ACCELERATION OF
ELECTRONS BY THE WAVE PACKET IN SPACE PLASMAS

Nikolay Erokhin?!, Ludmila Mikhailovskayal, Nadezhda Zolnikoval, Rumen Skevov?2

1space Research Institute — Russian Academy of Sciences

2Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: nerokhin@mx.iki.rssi.ru, shkevov@space.bas.bg

Key words: Space plasma, electromagnetic waves, surfatron acceleration of electrons, phase plane,
nonlinear equation, trapping of particles, relativistic impulse

Abstract: By numerical analysis it is investigated the phase plane structure for surfatron acceleration of
weakly relativistic electrons in space plasmas by the electromagnetic waves packet having the Lorentz envelope
of its amplitude. It is studied the particles capture by wave packet to the highly relativistic acceleration regime
with their energy growth by thousand times and more on the usage of nonlinear equation for the wave packet
phase at its central frequency on charge trajectory. In the case of weakly relativistic particles their trapping by
wave packet is occurred even in situation when initially the condition of Cherenkov resonance isn't fulfilled. The
temporal dynamics both of particles capture by wave packet and their following highly relativistic acceleration is
studied taking into account the charge cyclotron rotation at initial times. The structure of phase plane for nonlinear
equation considered is investigated. It has been shown that for trapped particles the phase plane has a special
point like the stable focus. For the strong charges acceleration it is observed the significant localization of
trajectories on phase plane near this point (the particles condensation to the bottom of effective potential). The
temporal dynamics of trapped electrons impulse components has been studied. The optimal conditions to realize
the maximum of electrons surfatron acceleration by the spatially localized wave packet in space plasmas are
formulated.
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BBeneHune

WccnepoBaHve MexaHM3MOB (hOPMMPOBAHWUS MOTOKOB YrbTPAPENATUBUCTCKUX 4YacTul B
KOCMMYECKOM nnasMe BXOAWUT B YWUCMO akTyamnbHbIX 3adavy acTpodusvky W, B YACTHOCTW, OHO
npeacTaBnseT MHTepec Ans Npobnembl reHepaLum KOCMUYECKUX Nyvet. MNpy 3TOM OAHUM K3 rNaBHbIX
MexaHM3MOB (DOPMMPOBAHMS MOTOKOB YIbTPAPENATUBUCTCKUX YaCTUL SBNSIETCS cepdUHT 3apsiaoB Ha
3MEKTPOMarHUTHbIX BofHax ( cM., Hanpumep, paboTtbl [1-16]). COOTBETCTBEHHO AJI9 OLIEHOK
BO3MOXXHOIO KOMMYECTBA YCKOPEHHBIX YacTUL, UX MaKCUMaribHOM SHEPTrUKU, SHEPTETUYECKMX CMEKTPOB
HeobXxoaMM AeTarbHbI aHann3 onTUMarnbHbIX YCNOBUIA Arsi 3axBaTa 3apshKeHHbIX YacTuL, BOSTHOBbLIM
naketom B 3(PEKTUBHYID NOTEHUMANbHYO sIMy C MOCMeaylwuMm YynbTpapensTUBUCTCKUM
YCKOPEHNEM, a Takke 3¢pEKTUBHOCTUN YCKOPEHNS B 3aBUCUMOCTU OT MCXOAHbIX NapamMeTpoB 3a4auu.

B HacToswem [fOoknage  M3NOoXeHbl  pe3ynbTaTbl  YWUCMEHHBIX pacyeToB  3axBaTa
crnabopensaTMBUCTCKMX 3apsioB U UX MOCNEAYIOLLEro CUMbHOrO CeptOTPOHHOrO YCKOpPEHMsT B
MarHUTOAKTUBHOMW KOCMUYECKOM Mna3mMe Mpu YEpPeHKOBCKOM pe30HaHCe C MNPOCTPaHCTBEHHO
1oKanu3oBaHHbIM  MAKETOM SMNEKTPOMArHUTHbIX ~ BOJMH, WMEKLWMM  [0CTaTOMHO  MraBHYHO
NOPEHLOBCKYt0 ornbatowyto  amnnutygbl. C  y4eTOM WHTErpanoB [OBWKEHWUSI PENATUBUCTCKUX
YPaBHEHUI AN 3apshkeHHbIX YacTuy 3ajadya cBefeHa K UCCNedoBaHUK  HecTauMOHapHOTo,
HENWHENHOrO ypaBHEHMST BTOPOro mnopsiika AMCCUMMNATUBHOIrO Tuna Ans ¢asbl naketa (Ha Hecyluen
YacToTe) Ha TpaekTopuu YacTuubl. [onaraeTcs 4TO BOJSIHOBOMW NakeT pacnpoCTpaHsieTcs Monepek
OOCTaTOYHO Crnaboro BHELUHEro MarHWTHOTO MOMsi C MaKCMManbHOW aMMnuTYAON 3MEeKTPUYECKOro
Mons Bbille HEKOTOPOro MOPOroBOro 3HaudeHus, 4To obecneumBaeT peanu3aumio cepdOTPOHHOro
MexaHu3Ma yckopeHusi Yactuu. OTMEeTUM, YTO AaHHbIi MexaHu3M paboTaeT M Mpu HaKMOHHOM (K
BHELLUHEMY MarHMTHOMY MOJ0) PacnpOCTPaHEHNN BOJSIHOBOMO NakeTa.

MpoBefAeHHbIE paHEe YMCIEHHbIE pacyeTbl Mokasanu, YTO MMeEeTCs [O0CTaTOYHO LUMPOKUIA
AvanasoH OnaronpuaTHbIX Anst peanu3auun cepduHra HadvanbHbiX (a3 BOMHOBOrO Naketa Ha
HecyLlel YacToTe, B KOTOPOM MpPU BO3HUKHOBEHUWN YE€PEHKOBCKOrO pe3oHaHca BOJSHa-vacTuua umeroT
MEeCTO 3axBaT W MNocneaywllee ynbTPapensTMBUCTCKOE YyckopeHue 3apsgoB. lMpu aTom Habop
3HEpPrMn 3axBayvyeHHOW YacTuuel BO3pacTaeT C YBENIMYEHMEM XapaKTePHOW TOMLWMHbI obnacTu
BOMTHOBOrO nNakeTa, B KOTOPOW 3neKTpUyeckoe Mosie nakeTa BOSH Bbile MOPOrOBOro 3HaYeHus.
COOTBETCTBEHHO 3TOMY Ans YNbTPaPENATUBUCTCKOrO YCKOPEHUST SMEKTPOHOB, HavasnbHas
KMHETMYECKas 3Heprusi KoTopbix Oblna nopsgka me €7, B pacyetax noraraetcsl BbIMOSIHEHHbLIM
YCINOBWE [OCTATOYHO MMABHOMO M3MEHEHWSI aMnnuUTyAbl BOMIHOBOrO MakeTa B MPOCTPAHCTBE T.e.
BBELEHHLIN HUXe Ge3pa3MepHbI napamMeTp XapakTepHOWM TOMWMWHBLI BONIHOBOrO NakeTa p CYUTaeTcs
[0CTaTO4HO GonbLUMM p > 10% |, YTO BMOMHE PearcTUYHO, HaNPUMeEP, AMNs CONHEYHOI rennocdepsbl.

[nsa 3axBavyeHHbIX BOJSIHOBbLIM MakeTOM YacTWUL, UCCNefyeTca CTPYKTypa ha3oBOW MIOCKOCTH
AN HENMHENHOTO YPaBHEHUS, B YACTHOCTU, NP YNbTPapensaTMBUCTCKOM YCKOPEHUN BO3HWKHOBEHME
Ha Hel OCOOOM TOYKM TWMa YCTOMYMBOrO (OoKyca. YucrieHHble pacyeTbl MOKasbiBalT, YTO Npwu
[0CTaToO4YHO CUITbHOM YCKOPEHWUM 3apsiaoB Ha ha3oBOM NIOCKOCTM TPAEKTOPUS N306paatoLwen TOUKM
no cnupanu npubnuxaetcs K yctondmBomy ¢okycy. dusmyeckn 3TO COOTBETCTBYET KOHAEHcaUuu
CryCTKa YCKOpPSieMbIX YacTul Ha OHO 3deKTUBHOW MNoTeHuuanbHoW siMbl. locne nepeceyeHus
BOSTHOBOrO NakeTa 3TW TPaeKTopuM packpy4vmBarloTcs ypanssack oT ¢okyca. lMocne Bbineta us
3P EKTUBHON NOTEHLMANBHON AMbl aMMNMTyAa SNEKTPUYECKOro Nors BOTHOBOIO NakeTa CTaHOBUTCSA
HWXe MOpOroBoro Ans cepdmHra 3HayYeHus M HabngaeTcss LUMKIOTPOHHOE BpalleHWe 4acTuy, BO
BHELUHEM MarHUTHOM rore.

Kpome TOro uncneHHo uccrnefoBaHa AMHAMUKA KOMMOHEHT MMMyrbCa M CKOPOCTU YCKOpSi-
€MbIX 3apsPKEHHBIX YacTuL, UX TPAeKTOpPUM C YY4ETOM FMpOBpPALLEHUS BO BHELUHEM MarHMTHOM Morne
[0 3axBaTa 3apsA0B BOSHOM M Nocre BbineTa U3 adeKTUBHOM NOTEHUMANBHON SIMbI, @ TAKKe 3aBU-
CMMOCTb 3(PEKTUBHOCTN YCKOPEHMSA OT UCXOAHLIX MapameTpoB 3aJayu, B YACTHOCTM, OT ¢ha3oBoWn
CKOPOCTM BOMHbI. 34eck criegyeT OTMETUTb, YTO AN1S Ha4anbHOW KMHETUYECKOW SHEPTMU 3NEKTPOHOB
nopsifka M, C> Mepros UX LMKMOTPOHHOMO BPALLEHWUS! Man MO CPAaBHEHMIO C XapaKTepHbIM BpEMEHEM
ycKkopeHusi. [oaToMy pa3bpoc Mo 3HEPTMM YCKOPEHHBIX YacTuL, A4S pasHbIX HayarbHbIX AaHHbIX, HO
NPV HEN3MEHHbIX NapamMeTpax BOSTHOBOIO NakeTa OKa3blBAeTCH CPaBHUTENBHO HEBENVK.

Mockonbky npu 06paboTke AaHHbIX HAONOAEHUI NOTOKOB YNbTPapPENATUBUCTCKUX 3apsaoB B
KOCMWYECKOM MpPOCTPAHCTBE Oblf BbISIBNIEH 3aBUCALLUA OT KOCMMYECKOW norodbl M3ObLITOK 4vucna
4YacTuL B HEKOTOPOM AuanasoHe UX 3Heprui (B CONHEYHOW renuvocdepe 3TO 3HEpruv nopsaka
OEeCATKOB-COTEH [9B) 0OCyxagaeTcs BOMPOC O BO3MOXHBLIX MPUYMHAX OTKMOHEHMs1 Habniogaemoro
CreKkTpa KOCMUYECKMX Jydel OT CTaHOApTHOrO CTEMNEHHOro 3akoHa. V3 pe3ynbTaToB BbIMOSIHEHHbIX
YNCNEHHbIX pacyeToB Takke criegyeT, YTO ONTUMaribHbIM YCIMOBMEM CYLLECTBEHHOIO MOBbLILLEHMS
MaKCUMarnbHOW 3Heprum npu cepdOTPOHHOM YCKOPEHUM 3apsiKEHHbIX YacTul saBnsieTcss 6nm3ocTb
has3oBOM M rpynnoBoVi CKOPOCTENW Ha HeCylleW 4vacToTe MakeTa, a Takke COrnacoBaHWe 3HAaKoB
nonepeyYHbIX K BHELUHEMY MarHMTHOMY MOS0 KOMMOHEHT uMMynbca 4YacTuu. B npoTuBHOM cnyyae
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yacTuua OCTaBasiCb 3axBa4YeHHOW nepenaet 3HEepPrn BOJIHE U MEHAEeT COOTHOLUeHMe 3HaKoB
nonepeYyHbIX KOMMNOHEHT nMnyrnbca.

npOBe,lJ,eHHbIIZ aHanma Cepd’.)OTpOHHOFO MeXaHu3Ma YCKOpeHUd npencraBndeTr UHTepec ansa
MHTEpPNnpeTaunn 3KCnepmMeHTallbHbIX OaHHbIX MO perncrpauun noToKoB PEeNATUBUCTCKUX YacTul, B
KOCMUYECKNX YCnoBUAX BKIo4Yaa renmocd)epy, a Takke BaxeH Ans obbsiCHeHMs1 Habnwaaemblx B
SKCNnepumMeHTe 0cobeHHoCTEN B CneKTpax KOCMN4YeCKnxX nyqe|7|.

OCHOBHbIe YpaBHEHUS U pe3yrbTaTbl YUCNEHHbIX pac4yeToB

PaccmoTpymM yckopeHue crabopensiTuBUCTCKUX 3MEKTPOHOB 3MEKTPOMAarHUTHOW BONHOMW p-
nonspv3aumn ¢ NnaBHOW JIOPEHLIOBCKOM ornbarollen ee amMnnuTyabl, pacnpoCcTpaHsaoLWencs BOOb
OCM X B MarHUTOAKTMBHOWN Mra3mMe nonepek BHELHEro MarHUTHoro nonst Hg , koTopoe napannensHo
ocn z. Yactota BOMHbI COOTBETCTBYET BEPXHEMY TIMOpPMAHOMY pe3oHaHcy. COOTBETCTBEHHO
nonaraem, 4to @asoBas CKOpOCTb ® / CKy MEHbLle CKOpPOCTM CBETa B BaKyyme W BO3MOXEH
YEPEHKOBCKUIA PE30HaHC BOSHbI C YCKOPSEMbIMM 4YacTuuamu, 4To Heobxoammo Ans peanusauuun
cepoTpoHHOro yckopeHus. CornacHo MpoBeAeHHbIM paHee pacyeTaM Afs MCNOoNb3yeMbIX B
YNCNEHHOM MOZENVPOBAHUN 3HAYEHW MapameTpoB 3aJayn  AneKTpuyeckoe Mnorne BOSHbl MOXHO
cunTaTb anekTpocTaTudeckum T.e. Ex(x,t) = A cos W, rae W = wo t — Ko X, 9 HECYLLAA YacToTa NakeTa,
ko = k( @o ), a pyHKuma A(X,t) onpeaensieT NnaBHyO NOPEHLIOBCKYLO ormbaroLLyto amnnuTtyasl. Beegem
BespasmepHble NepemMeHHble U napameTpbl: B = V / C - CKOPOCTb 3MeKTpoHa, o = e Eg / m ¢ oy —
DOe3pasmepHas amnnMTyga BOMIHOBOMO naketa, T= wot, § = ko x ,y=1/(1 - [32 )l/2 - PEnATUBUCTCKNN
dakTop Yactuupbl, U = ®pe / @ , ®ye = € Hy / MC HepenaTMBUCTCKas UMKINOTPOHHas 4vactoTa
ANEKTPOHOB, Eg - amnnuTyda anekTpuyecKkoro nomns B LEHTpe BOMHOBOMO naketa, p = e A/ m ¢ o.
3ameTum, 4To By = Bp [1 — (d¥/dt )], By = w0 / Cko , @ UMNYNLC 3NEKTPOHa paBeH p=m cy B.

C TOYKM 3peHus npeHebpexeHus HenMHenHbIMU 3ddekTamMmn AN yCKopsLwmux BonH dyaem
nonarate, 4YTO WX amnAWTydbl CYLWECTBEHHO HWXE XapaKTepHOro Mofsi pensiTuBMCTCKOW
HENWHENHOCTM T.e. BLINOMHEHO ycrnoBne o = € Eg / m ¢ oy << 1. 3axeBaT 4yactuy B PeEXUM

1/2
CepOTPOHHOTO YCKOPEHUSI MPOUCXOAUT B Criydae ¢ > oc=Uyp =u/ (1 - ﬁpz ) T.e. Npu am-
NNUTyAaX BOMHbI BbilLE NOPOroBoro Ans cepduHra sHadeHus. Mmeem cesisb d W/ dt=1—(B,/B,),

N = ¢ k / ® nokasaTtenb NpenomneH1s nnasmMbl 1 COOTBETCTBEHHO Po=1 /' N.
3anuwiem pensaTMBUCTCKUE yPaBHEHUS OBMKEHNS NS UMMYbca YCKOPSEMOro 3f1eKTpoHa

d(yBx)/dt=-Acos¥-ufy
Q) vy B,=const=h

d(vBy)/dr=upx
dy/dt=-ABscos¥

roeA=c/[1+{(t-¥)/p ¥ | nopeHLoBCcKasi ornbaioLLas aMnIuTyAbl BOIHOBOIO MakeTa,
napameTp p B [AaHHOW 3ajade cuuTaeTcs gocTatoyHo OGombwmm  Ans  peanu3auuu
YNbTPapPenATUBUCTCKOrO YCKOPEHUS 3axBadeHHbIX YacTuly p = oy L / ¢ ~ ( 10* + 106), 3gech 2L
XapakTtepHas TomnwmHa BonHoBoro naketa. Mcnonb3ys (1) Haxogum wHTerpan OBWXEHUs Ans
yckopsiemoro anektpoHa J =y By, + u B, ( ¥ - t) = const. C y4yeToM BblpaxeHusa Ana uHrerpana J
nonyyaem hopmyrnbl Ans PenAaTUBUCTCKOro haktopa y U KOMMOHEHTbl CKOPOCTU 3apsaa (2) BAonb
BOJIHOBOTO (PpoHTa Py :

(2 y={1+h+[I+uB (t-¥) PP I(1-BE) A By =3+ uBy (T-W) ]

AHanus yckopeHus 3apsioB C y4eTOM NOPEHLOBCKON ornbaroLLein amnnuTyasl NpoBOAMTCS Ha
OCHOBe BbiTeKawowero u3 (1) HeNMHENHOro HecTauMOHAPHOro ypaBHeHUs1 Anst dasbl BOnHbl ¥ Ha
TPaeKTopuM 3MIEKTPOHA

3) d*W/dt2—[A(1-B)/yBplcos¥-(uBy /yBy)=0.
HavanbHble gaHHble onsi peweHnst ypaBHeHus (3) 6epem B criegytowem Buge ¥ (0) = Yo ,

Y1(0) = a npuyem 1 — N < a < 1 + N. CootBerctBeHHO umeemM B,(0) = B, ( 1 — a ). Beeaem
KOMMOHEeHTbI 6e3pa3MepHOro nMnynbca 4actuubl gx = v By, gy = v By . OTMETUM, 4TO ycrnosme o = O¢
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onpegensieT o6nacTtb, B KOTOPOW MPOMCXOAUT 3axXBaT 3apAXXEHHOWN YacTuLbl B PEXUM CePdOTPOHHOro
YCKOpEHWs.

HenuHeliHoe ypaBHeHWe (3) pewanocb YUCNEHHO C YKasaHHbIMWM Bblle HavanbHbIMU
AaHHbIMKU. [nA OOCTaTOYHO OOMbLUMX BPEMEH YCKOPEHWs, KOrda 3Heprusi 4YacTuy, Bo3pacTaeT Ha
nopsigkM BENUYMH, YUCMEHHOE pelleHue AOMMKHO BbIXOAMTb Ha cnegyowme acuMnToTUKA ANng
KOMIMOHEHT CKOPOCTM U penaTuBucTckoro dakropa 3apsaaa y(t) = U Bevp T, Bx(t) = Bp ., By=-1/7,, B
— 0. 3ameTum, 4YTO ANA SMNEKTPOHOB B ACMMNTOTUKE 3HAKM MOMEPEeYHbIX KOMMOHEHT CKOPOCTU
pasnuyHble By By < 0. OgHako Ana no3UTPOHOB OHKM ByayT OAHOTO 3HakKa By By > 0.

Ona HaxoxgeHus Amana3oHoB HadvanbHbiX a3 P(0), npu KOTOpbLIX MPOUCXOAUT 3axBaT
3apsifa B pexvm cepOTPOHHOIO YCKOPEeHUs BONHOW, dmKcmpoBanacb asoBasi CKOPOCTb BOSHbI By
n3 nHtepsana (0, 1). AMNNUTYAa BOSHbI G BblOMpanacb HECKONbKO Bbille NOPOroBOro 3HavyeHus o , a
UMeHHO ¢ = 1.51 o.. 3aTeM YMCNEeHHbIMW pacYeTamMn Ha OTHOCUMTENbHO MarblX BpeMeHax t ~ 20000
onpefenanca AuanasoH HavanbHbIX a3, B KOTOPOM WMen MecCTO 3axBaT 3apaja B pexum
CephOTPOHHOTO YCKOPEHUsi BONHOBLIM nakeToM. Mpyu BeiGope napameTtpa p = 5-10° uHTepBan cuyeta
6pancs pasHbIM (0, 9-10%) NockomnbKy BbINET 3aXBayeHHON YacTULLl M3 0BnacTy, rae none BOMHbI
ObIN0 BbILLE MOPOroBOro Ans cepuHra 3HavYeHns, MPOUCXOAMNIT Ha BpeMeHax T nopsaka 810",

PaccMoTpum pesynbTaThl pacyeToB A criegylolero BapmaHTa Bolbopa napameTpoB 3agadu
h=0.37,9y(0)=0.93,Bp=0.71,u=0.21,6 =151 o, p = 5.10* , a = 0.1 cooTBeTCTBYHOLLErO Crabo-
pPenAaTMBUCTCKMM HayanbHbIM 3HEpPrnsiM 3apsbkeHHonm uvactuubl y(0) = 2.009. B T1abnuue 1
npeactaBneH psg 3HadeHun HadanbHbix a3 3W(0) ¥ COOTBETCTBYIOLMX UM 3HAYEHUIN BPEMEHMN T,
NpY KOTOPbIX MPOUCXOAUT 3axBaT YacTULbl NAKETOM B PEXUM CepOTPOHHOrO ycKopeHus. HavanbHoe
MoMnoXeHne YacTuubl COOTBETCTBOBANO NeBOW rpaHuue obnactu, B KOTOPOMW MNOfe BOSMHbl Bbille
MOpPOroBOro 3HayeHusi. 3aMeTUM, YTO B HayarnbHbIi MOMEHT BpPEMEHW UMeeTCs Manasi OTCTpomka
YacTuLpbl OT YepeHKOBCKOro pesoHaHca. [locne 3axBaTta vacTuua € pasoBoil CKopocTblo fp
rnepeceKkaeT BOMTHOBOM NakeT, ABWXYLUMIACS C BECbMa Marion rpyrnnoBon CKOpPOCTbIO. JleBas rpaHuua
obnactu 3axsata ¥, oueHuBaetcs no copmyne W, = {[(c/o.)—-1]1/p} 2 C y4eToM 3HayeHwii

McxofHbIX NapameTpoB nonaranock P(0) = ¢ + 8¥(0), |8¥(0) | < 2:n, rae nonaranock ¢ = 27-5400. C

y4eTOM 3Ha4YeHUn ncxodHulx napameTpos nonaranoce YW(0) = ¢ + 5¥(0), |6‘P(0) | <2.%, To = 90000, [0}
= 2n-5400.

Tabnuua 1.
5%o -4.467 -41 -4.0 -3.5 -3.0 -25 -20 -15 -1
Tc 0 0 0 0 >Tg >Tg > Tp > 1o > Tp
Tabnuua 1la.
3% -05 0 0.5 1 15 2 3 35 4
Te > Tg > Tg > T > T 623.75 0 > Tp 13124 > Tp

Kak BugHo u3 1abnuy 1 n la, 30HbI 3Ha4eHun 3W(0), COOTBETCTBYIOLMX 3axBave€HHbIM Y
NPOneTHbIM YacTuuam YepeayrTes, YTO CBUAETENbCTBYET O CNOXHON CTPYKTYpe HEeCTauMOHApHOro
adhhekTMBHOrO NoTeHUuana anga HenuHenHoro ocuunnaTopa W(t). MNMpu oTCcyTCTBMM 3axBaTa YacTuubl
BONMHOBbIM nakeTtom W¥(tr) umes manble BapuaumvM B CpedHeM Bo3pacTaeT MpOonopLMOHanbHO
BPEMEHU, a YacTuua UCMbITbIBAET LMKINOTPOHHOE BpalleHMe B NIEBOW 4acTu nakeTta. Paccmotpum
nogpobHee pacyeTbl AN BapyaHTa Bbibopa dasbl §W(0) = 3.5. Npu 310 3axBaT 3apsiga MMeeT MecTo
Ha BpemeHax t. = 13214, a BbINeT nocrne nepecedeHnss naketa npu tg = 84335. lNocne 3axBaTta
YacTuubl NakeToMm HabnogatlTca Bapuauuy asbl B OKPECTHOCTU AHa 3 (eKTUBHOM NOTEHLManbLHON
aMbl. Hactuua konebnetcs B 0611acTu YyCKOPSAOLWMNX 3HAYEHWUIA 3NEKTPUYECKOro Nons BOMHbI. [puyem
cpegHee 3HadeHue pasbl MO Mepe CMelleHus 3apsga BAOMb BOMHOBOrO MakeTa MeHsieTcs B
COOTBETCTBUM C amMnnUTyaon ormbaroLlen Tak, YTo CPeAHUN TeMN YCKOPEHUs YacTulbl COXpaHSAeTCs.
HadvanbHoe nonoxeHune 3apsaa cootsetcteoBano &(0) = - 2.409-10" .
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[o 3axBaTta 4acTuubl NAKeToOM 3aps cosepLuan LUMKIOTPOHHOE BpalleHe Kak 3TO BUOHO U3
rpadukoB Ha puc. 2 1 puc. 3, 3gecb 1(t) CMeLLeHNe YacTuLbl BAOSb BONHOBOIO OpoHTa (OChb V).

Puc. 1. AnHamuka ¢pasbl BONTHOBOrO naketa Ha TpaekTopum YacTuubl.

3amMeTum, YTO COrmacHo puc. 2 U puc. 3 Ans He3axBa4YeHHOW YacTulbl TPaeKTopusi Ha
nnockoctn (&, m), NEPNEHAMKYNSPHON BHELUHEMY MarHWTHOMY MO0, CYLLECTBEHHO OTNMYaeTcs OT
OKPY)XHOCTU. BuaHbI 3HaUMTENbHbIE U3MEHEHUS aMNNUTYAbl KonebaHuii &, n.

Puc. 2. CBoGoaHbIN 3apsaa A0 3axXBaTa CoBepLUaeT LMKMOTPOHHOE BpalleHue.

Puc. 3. CmelleHMe YacTuLbl BOOSb BOMTHOBOIO (PpOHTa MO OCU Y.

OT0 03Ha4aeT, YTo nMetTCs CylleCTBEeHHbIE JTOKallbHbl€ N3MEHEHUA SHEPTNN He3axBa4yeHHOM
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YacTuubl, NpeacTaBneHHble Ha puc. 4 rpadvkomMm pensTUBMCTCKOro daktopa y(t) Ans mHTepsana
BpemMeHu t < 3000.

Puc. 4. JlokanbHble U3MeHeHUs QHEeprun He3axBa4yeHHOWN YacTuLbl.

MpuBeaeM rpadumk pensaTMBMCTCKOro haktopa YyacTuubl Ans uHTepsana spemenn T go 90000.
Ha puc. 5 nokasaH rpaduk y(t) n ero aHanutTnyeckon annpokcumauun M(t). Puc. 5 cBngetenscreyet
O TOM, YTO POCT SHEPIrMN YacTULbl COOTBETCTBYET NOCTOSSHHOMY TEMITY YCKOPEHMWS MakeToM.

Puc. 5. 'paduk y(t) n ero aHanutu4eckon annpokcumauumn M(t).

BpemeHHas guHamuka yckopeHus 3apsga onpefensietcs gyHkumen cos W(t). CornacHo
pacyeTam 3axBa4yeHHasi YacTvua HaxoguTcs B obnacTu yCKOPSIIOWMX MOrfen, Npu4eM B LIEHTpe
BONTHOBOrO NakeTa, rge amnnuTyaa nons MakcumarbHa 3HavyeHne pyHkumm cos W(t) MeHbLue.

CTpykTypa asoBOM MMOCKOCTM HenuHenHoro ocumnnatopa W(r) gaHa Ha puc. 6 Ans
MHTEpBana BpeMeHn 2:10* < 1 < 6.9.10%. M3obpaxatowas Touka BpallasCb Mo 4acoBOW CTpeske
OBWXETCS cnpaBa HaneBo K ocobor To4Ke Tvna ycTtonudmBbii bokyc. B yacTHocTw, onsa uHTepBana
310 < 1 < 7.02-10" cTpykTypa ha30BOI MNOCKOCTM TakoBa. [0 Mepe MPUBAVKEHUS K MOMEHTY
BblfieTa 4Yactuubl M3 3(EKTMBHON MOTEHLUMANBHON SIMbl TPAEKTOpUs K3o0paXaroen TOYKU
CMellaeTcs  Hanpaso, HabnogaTca BecbMa Marble 3HavYeHuss npov3BogHon dasbl, 4TO
obycrnoBneHo OonbWMM POCTOM MacChbl 4YacTuubl NPU  YNbTPapensaTUBUCTCKOM YCKOPEHUN ee
BOJTHOBbLIM NMaKETOM.

OTMeTMM AMHaMWUKY MONepeyHbIX KOMMOHEHT WMMynbca YacTuubl nNpu  CcepOTPOHHOM
YCKOpPEHUM [N MHTepBana BpemeHW, Korga 4vactuua ewe He Obina 3axeBadeHa nakeTom. OHu
COOTBETCTBYIOT LMKMOTPOHHOMY [nHamuka npogonbHOW (K BHELUHEMY MarHUTHOMY  MOS0)
KOMMOHEHTbl CKOPOCTU 3apsija TakoBa : MO Mepe YCKOPEeHWs 4acTuubl NpPoaoribHasi KOMMOHEHTa
3HAYUTENBHO YMEHbLUIAETCS B BMAY COXpPaHEHWUs MPOLOSIbHOMO MMMyfbca, OAHaKo HabnwopatTes u
3HauMTEmNbHbIE Bapmaumm B, . HakoHel OTMETMM, YTO CTPYKTYpa TPaeKkTopuu 3apsifa Ha nonepeyHon
MMOCKOCTU CYLLECTBEHHO OTNMYAeTCA OT apMOPOBCKON OKPY>KHOCTU.BPALLEHUIO C 3aMeTHbIMU
BapvaumsiMn 3Heprum 3apsga.
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Puc. 6. ®a3oBas NNOCKOCTb HENUHeHoro ocumnnsaTopa ¥(t).

3aknoyeHne

B pabGoTe n3noxeHbl pe3ynbTaTbl YNCIIEHHbIX pacyeToB AMHAMUKM 3axBaTa W MocreayoLero
yNbTPapEnATUBUCTCKOrO CEPPOTPOHHOTO YCKOPEHUSI 3MIEKTPOHOB B MarHUTOAKTMBHOW Niasme npu ux
B3aMMOAENCTBMM C  MPOCTPAHCTBEHHO  JIOKaNM30BaHHbIM ~ BOJSIHOBbIM  NAakeToM, MUMELWUM
NOPEHLIOBCKYI0 orvbatolyto amMniuTydbl arnekTpudeckoro nomns. [lonarasi 4Mcno  YCKOPEHHbIX
3MEeKTPOHOB MarbIM 1 NpeHebperasi 3aTyxaHnem 3reKTPOMarHUTHbIX BOSTH 3adadYa cBefeHa K aHanuay
HeCTaUMOHapHOro, HENMUHENHOro ypaBHEHUs BTOPOro Mopsidka AWCCUMMNaTMBHOrO Tuna Ans dasbl
nakeTa Ha Hecyllel YyacToTe B MeCTe HaxoXaeHusi YacTuubl. BonHoBoi nakeT pacnpocTpaHsieTcst
nonepek BHELHEro MarHUTHOro Mors.

M3yyeHa BpemeHHasi AMHaMMKa XapakTepUCTUK YCKOPSIEMbIX 4acTuu, BKMYasi MX 3axBaT U
nocnegywrouiee AnvTenbHoe yaep)kaHve B 06MacTy YCKOPSIIOWMX HamnpsiKeHHOCTEeW 3NEKTPUYECKOro
nonsi BOJIHOBOrO nakeTa. [lokazaHo, 4YTO Npu HeOGNaronpuSTHbIX YCMOBUSAX, COOTBETCTBYHOLLUX
OTCTPOMKE YacTuLbl OT YEPEHKOBCKOrO pe3oHaHca C BOJIHOW, HeGnaronpusiTHOM HadanbHol dase
nakeTa Ha Hecyllei yactoTe Ans cnabopensaTMBUCTCKUX YacTuL, UX 3axBaT B PeXxum cepduHra Ha
MHTepBare BPEMEHU YNCMEHHbIX PacYeTOB MOXET ObiTb LUMPOKOrO AManasoHa HayarbHbIX YCroBUiA
Mo MPOLUECTBUM HEKOTOPOro BpeMeHW. MOCKONbKy HauarnbHbIA LMKIOTPOHHBIA Nepuod YacTuupbl BO
BHELLHEM MarHWTHOM rofle OTHOCUTESIbHO Marn 3apsig COBepLluvMB psf rMMpoobopoToB nonagaeT B
GnaronpusiTHyl0 Ons 3axBaTa BOSHOW hasy Npu OOHOBPEMEHHOM BbINOSIHEHUM YeprEeHKOBCKOro
pe3oHaHca. Mocne 3axeBaTa MPOUCXOAUT YNbTPapensaTUBUCTCKOE YCKOPEHWE 4acTuL, C POCTOM WX
3Heprum Ha 3+4 nopsaka BenuuuHbl UM Gornee, ecnv BpeMsl 3axBaTa He CIIMLLKOM BENMKO.
CnepnoBaTenbHO, YMCNO YCKOPEHHBIX BONTHOBLIM MaKeTOM YacTul, MOXeT GbiTb JOCTAaTOYHO 6OMbLLIMM
BCMEeACTBME YBENUYEHNUA B MPOCTPAHCTBE HayanbHbIX MMMYNbCOB O6MacTi, U3 KOTOpPOi 3apsdbl
nonagaroT B pexum 3dpdeKTUBHOTrO cepdOTPOHHOro yckopeHus. MokasaHo, YTo BO BPEMS CUIBHOIO
YCKOPEHUSI KOMMOHEHTbI UMMyNbca U PenATMBUCTCKUIA (hakTop 3axBayeHHOMW 4acTulbl Bo3pacTaioT
NPaKTUYECKN C MOCTOSAHHLIM TeMNoM. [Mpy OTCYTCTBUM 3axBaTa NPOUCXOOUT LIMKIMOTPOHHOE BpalleHue
4yacTuL U TeM He MeHee B 9TOM MNpoLIecce BO3MOXHO JOYCKOPEHME YacTuL, C YBEeNUYeHne X aHeprum,
Hanpumep, Ha NOPAOOK.

PaccmoTpeHa cTpykTypa ¢pa3oBoi NNockocTy AN HENMMHENHOro ypaBHEHWs!, ONUChIBaIOLLLEro
CEPBOTPOHHOE YCKOpeHWe 3apsaoB. MNoka3zaHo, YTo Ha ha3oBOW NIOCKOCTU M306paxarowas Touka
[OBWXETCS N0 CXXUMaIOLLENC TpaeKTopun BOKpYr 0coboii ToUkM Tuna yctoinumneoro dokyca. Mpu aTom
nepvon koneGaHuin 4acTuubl B 3MEKTUBHOW MOTEHUManbLHOW sMe Bo3pacTaeT, amnnutyaa
OCLMNMALMIA CHIKaeTcs.

CornacHo npoBefdeHHbIM pacyeTam Ans peanus3auuy onTUManbHoro cepduHra 3apsifoB C
yNbTPapenATUBUCTCKAM YCKOPEHNEM HeobXoaMMO BbINOMHUTL Criedylolume YCroBus : a) Ansa 3axsaTa
YyacTuubl BOMHOW ee amnnuTyga [OoMmkHa ObiTb Bbille TMOPOroBOro 3HayeHus; 6) [OOrmKeH
peanu3oBaTbCA YEepPEeHKOBCKUIA pe3oHaHC BoNHa-yacTvua; B) dpasa BONHbl HAa TpaekTopuu 3apsaa
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[OMKHa ObITb GraronpuATHOM AN 3axBaTa YacTul; ) 3HaKM MOMNEPEYHbIX K BHELHEMY MarHUTHOMY
MOS0 KOMMOHEHT MMMNYIbCca 3apsAaa AOMKHbI ObITb COrnacoBaHsbl.

3aBuMCNMOCTb 3W(PEKTUBHOCTU YCKOPEHUS YaCcTUL, OT BENUYMHbI (pa30BON CKOPOCTU BOMHbI
TakoBa. Npu BbIbOpe pensaTUBUCTCKUX 3HAYEHU (DA30BOWM CKOPOCTU BOJSIHLI HanbosbLlee YCKOpeHue
noeT Mo HanpaBlEHMIO PacnpOCTPaAHEHMST BOMHbI, TEMM YCKOPEHWS 4acTul, Haubonbluvi, a npu
3a[j@aHHOM TOJLUMHE NakeTa 3HEPrUst YCKOPEHHLIX 3MIEKTPOHOB MakcuMMarnbHa. B o6paTHoM cnydvae —
HU3KMUX 3Ha4YeHUI (pa3oBON CKOPOCTU OCHOBHOE YCKOpEHUEe MpoucxXxoamuT BOOSb BOSIHOBOrO (PpoHTAa, a
TEMMN YCKOPEHWUS 3HAUYUTENbHO CHWXaeTcd, Hanpumep, Ha nopsgok. Mpu 3agaHHOM MonyLIMpUHe
BOMHOBOrO MakeTa 3TO O3HayaeT CYyLLEeCTBEHHOE YMEHbLUEeHNEe MakCUMarlbHON 3HEepPrum yCKOPEeHHbIX
3MNEKTPOHOB.

[MpoBeaeHHbIN  YMCNEHHBIM  aHanu3  cepduHra  pensiTUBUCTCKUX  3apsgoB  Ha
ANEeKTPOMarHUTHbIX BOMHAxX MpeacTaBnseT WHTepec Ans (pU3MKM KOCMUYEecKoW nnasmbl (CM.,
Hanpumep, [10-15]), B 4acTHOCTK, ANS MHTepnpeTaumm aKCnepmuMeHTanbHbIX AaHHbIX N0 perucrpaumm
NMOTOKOB PENATUBUCTCKUX YaCTUL, B KOCMUYECKUX YCMOBUSAX BKMOYas OKONO3EMHOE MPOCTPaHCTBO.
Kpome TOro, Kak yxe YykasblBanoCb paHee OOHUM U3 BO3MOXHbIX MEXaHW3MOB reHepaluu
KOCMMUYECKNX NyYen aBnseTcs cepdUHr 3apsbKeHHbIX YacTuUL Ha SNEKTPOMarHUTHbIX BOMHaX.

Heobxooumo oTMETUTb, YTO reHepaLms MOTOKOB YbTPapensaTUBUCTCKUX 3aPSHKEHHBIX YacTuLy
B KOCMWYECKOW Nria3me xapaktepuayeTcs Gonbluon (B Macwtabe nepuopa BOSHbI) ANIMTENbHOCTLIO
B3aVMOJENCTBUSA U COOTBETCTBEHHO MNOSyYaloTCs BECbMa BbICOKME 3HEPruM YCKOPEHHbIX YacTuy. B
YaCTHOCTU, B CONHEYHON renuocgepe xapakTepHble aHeprum npu cepdoTPOHHOM YCKOPEHUN 3apsaoB
MOryT focturaTtb AecaTkoB-coTeH 9B [11]. Bnarogaps cepduHry 3apsaoB Ha 9MneKTpoMarHUTHbIX
BOMHaxX B OTHOCUTENBHO CMOKOMHbLIX YCIOBUSAX B KOCMUYECKOW Nnasme BO3MOXHa reHepaunsa noToKoB
YNbTPapenaTUBUCTCKNX 3apsiKeHHbIX 4acTuL, B OKPECTHOCTM CPaBHUTENbHO CMOKOWHbLIX 3Be3[ U
BO3HUKHOBEHNE OCOBEHHOCTEN B WX SHEPreTUYEeCKMX CMekTpax, CBSA3aHHbIX C CYLLEeCTBEHHbLIM
OTKINOHEHMEM OT CTaHAAPTHbIX CTENEHHbIX 3aBucumocTen [11].

JNnTtepaTtypa:

1. Katsouleas, N., Dawson J.M. Physical Review Letters, 1983, v.51, 15, p.392.

2. Joshi, C. Radiationin plasmas, 1984, v.1, No 4, pp.514.

3.N'puboer, 6.9.,P.3.Carpgees,B.A.Wlanupo,B.N.WeBYeHKkO.TncoemaXITO,
1985, 1.42, BbIN.2, ¢.54.

4. BynaHnos, C.B., A.C.CaxaposB. lNucemaB XKOTOD, 1986, 1.44, BbIN.9, c.421.

5, CutHoB, M.W. MNucbma B XT®, 1988, 1.14, BhIN.1, C.89.

6. EpoxmnH, H.C., A.A.NaszapeB, C.C.Mouceen, P.3.Carpgees.[JAH CCCP,
1987, 1.295, Ne 4, ¢.849.

7. Epoxun, H.C., C.C. Mouceen, P.3. CarpgeeB. [lucbma B ACTpOHOMUYECKUN
XypHan, 1989, 1.15, Ne 1,c.3.

8 EpoxuH, H.C., H.H.3onbHunkosa, A.l. XavyaTtpsaH. ®usmka nnasmel, 1990, T1.16,
BbIN.8, ¢.945.

9. Kuynruu, . H. X3To, 1995, 1.108, BbIN.10, c.1342.

10. Kuyunuruu, . H. X3To, 2001, 1.119, BbIN.6, c.1038.

11. NTo3HukoB, B.M., H.C.EpoxwuH. Bonpocbl aTOMHOW Haykum K TexHuku, cep.lnasmeHHas
anekTpoHuka, 2010, Ne 4 (68), c.121.

12. EpoxuH, H.C. H . H.83onbHukosa,E.Kysneuyos, JI.A. MuxannoBckas.
Bonpocbl aToMHOM Hayku 1 TexHUKK, cep.lMnasmeHHast anekTpoHuka, 2010, Ne 4 (68), ¢.116.

13. Dieckmann, M.E., P.K.Shukl. Plasma Physics and Controlled Fusion, 2006, v.48, Issue
10, p.1515.

14. Wang De-Yu., Lu Quan-Ming.Advancesin Space Research, 2007, v.39, Issue 9, p.1471.

15. HenwTtapnt, A.N., A.B.AptembeB, J. M.3eneHbini, O.J1. BanHWTENH.
Mucbma B XKOT®, 2009, 1.89, BbIN.9, €.528.

16. Kichigin, G.N., N.A. Strokin.Geomagnetismand Aeronomy, 2007, v.47, No.6, p.704.

26



S ES 2011
Seventh Scientific Conference with International Participation
SPACE, ECOLOGY, SAFETY
29 November — 1 December 2011, Sofia, Bulgaria

HENWHENHASA ANHAMWKA PETMOHAINBbHOIO LUMKNOIEHE3A
C YYETOM BAPUALIUUN TEMIMEPATYPbl NOBEPXHOCTH
OKEAHA N CKOPOCTWU BETPA

Hukonan Epoxunl, Hapgexaa 3onbHukosal: Mliogmuna Muxannosckasl, PymeH LLikeBoB2

1ytHecmumym kocmuyeckux uccnedosaHuti — Poccutickas akademusi Hayk
2l iHcmumym kocmuyeckux uccriedosaHuli u mexHonoauli — Boneapckas akademusi Hayk
e-mail: nerokhin@mx.iki.rssi.ru, shkevov@space.bas.bg

Knrouyeenie cnoea: HenuHelHasi Marioriapamempu4yecKas mooerb, peeu0Haanb/ﬁ UUKJ10ceHes,
mporiudyeckue ypacaHbl, memriepamypa rnoeepxHoCcmu oKeaHa, aKmMuUuBHbIL CEe30H.

Ab6cmpakm: B pamkax cucmembl HenuHelHbIX ypasHeHuli Ons cpedHeli ckopocmu eempa u
memnepamypbl MO8ePXHOCMU OKeaHa 8 obsiacmu mpornu4yeckoao YukrioHa (TL|), onucbigarouux 8pemMeHHYH
OuHaMuKy MOWHO20 ammocghepHo20 8UXps, [POOOKEH YUCIIEHHbIU aHalu3  camMocoeriacog8aHHoU
manonapamempudyeckoli modenu  (MFIM) peauoHanbHO20 KpynHoMacwmabHoz2o yukiozeHesa (PKL),
nossonsoweli uccriedosames pasfiuyHble cuyeHapuu epemeHHol OuHamuku PKL|. YucneHHbiMu pacdemamu
rnokasaHo, 4mo 8blI6opoM UCXOOHbIX mnapamempos MIIM 803MOXHO nony4umb Ce30HHbIU x00 PKL c
¢hopmuposaHUEM 8 aKMUBHOM Ce30He 3adaHHO20 4qucrna ypazaHos. Modenb onucbieaem makxe eapuayuu
ckopocmu eempa 6 TL|. Takum obpa3om 8 pamkax HenuHelUHOU Manonapamempuyeckoli Modesnu MOXHO
u3y4amb OCO6EHHOCMU 8peMeHHOU QUHaMUKU peauoHaribHbIX KpyrnHoMacwmabHbIX UUKIo2eHe308 8 rnepuod
aKmugHO20 ce30Ha, uccriedosamb 3a8UCUMOCTMb UX XapakKmepucmuK om pasfuyHbiX 8HEWHUX ¢hakmopos, 8
YacmHocmu, KOCMU4YecKoU rno2o0bl.

NONLINEAR DYNAMICS OF REGIONAL CYCLOGENESIS TAKING
INTO ACCOUNT OCEAN SURFACE TEMPERATURE
AND WIND VELOCITY VARIATIONS
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Abstract: A variant of small parametric model (SPM) of regional large scale cyclogenesis (RLSC) is
considered. Numerical analysis of self-consistent small parametric model SPM of regional large scale
cyclogenesis RLSC was done within system of connected nonlinear equations for average wind velocity and
ocean surface temperature in the tropical cyclone (TC) area, allowing different scenarios of RLSC and temporal
dynamics of the powerful atmospheric whirlwind analysis based on SPM to be studied. Our calculations show that
a suitable choice of the initial parameters of the SMP allows receiving the seasonal behavior of RLSC with
hurricane cyclogenesis number in active season. This model also describes wind velocity variations in TC.
Thereby, within the framework of nonlinear small parametric model, it becomes possible to study the temporal
dynamics particularities of regional large-scale cyclogenesis in the active season, to investigate the dependency
of their features from different external factors, for example, the space weather influence.

BBeneHune

OpHoM 13 BaxkHbIX 3a4a4 B COBPEMEHHbIX UCCNEeAOBaHNAX KPU3NCHBIX SABNEHU B aTMocdepe
ABMSAETCA BONPOC O MPOrHo3e NpOCTPaHCTBEHHO-BPEMEHHOW AVHAMUKA MOLLHBIX KPYMHOMAacLITabHbIX
BMXPEW TuNa TPOMUYECKUX yparaHoB, TaudyHOB U BHETPOMUYECKUX LMKIOHOB C YYETOM BRMSHMWSA
CONMHEYHOW paguaumn, COMHEYHO-3eMHbIX CBs3e u  apyrux daktopos [1-6]. [Ana onucaHus
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BPEMEHHOW AMHaMMKM TPOMUYECKOrO LMKIIOHA paHee Obina npeanoxeHa manonapametpuyeckast
HenuHenHas mogens (MINM) Buxps B BUAE CUCTEMbI YPaBHEHUIN ANSt MAaKCMMaribHOW CKOPOCTU BeTpa
U TemnepaTypbl MOBEPXHOCTU OKeaHa B 30He TandyHa, KoTopas [AOCTaTOMHO peanucTUyHO
onucbiBaeT hopMMpoBaHMe KpynHomacLTabHoro Buxps us criabon tponunyeckon genpeccum (TL), ero
WHTEHCUMKaUMIo [0 ypoBHA TandyHa W KBasucTauuoHapHyto d¢asy [5,6]. [NosgHee Obino
npeanoxeHol 0606weHns MMM, nossonswowmMe udydatb MOMHbLIA XU3HEHHbIA LUK TPOMUYECKMX
uuknoHoB (TL) Bknovas ctaguio 3aTyxaHus BUXPS MpW ero Bbixoge Ha cywy nubo BcneacTeune
cMmeleHnss B obnacte 6Gonee xonogHow Bogbl [2], a Takke WcCcneaoBaTb BO3MOXHOCTb
O[HOBPEMEHHOIO CYLLLECTBOBaHWS B 3aaHHOM pernoHe AByx TLL 1 nx KoHKypeHumm [6]

HanbHevwee pasButve ManonapameTpudeckon mogenu [1] Oblno CBA3aHO C  y4eToM
HecTauMoHapHOCTU (OHOBOW OOCTaHOBKW, Hanpumep, TemrepaTypbl MOBEPXHOCTU OKeaHa,
BO3MOXHOCTWM MHOrOKpaTHOW reHepaummn TL| B 3agaHHOM pervoHe, a Takke BBeAEHVMEM B 3agady
3(PPHEKTUBHBIX UCTOYHUKOB aTMOCHEPHBIX BO3MYLLEHWUA, B YACTHOCTU, OOYCINOBMEHHbLIX COJTHEYHO-
3eMHbIMM CBA3AMW, BapuauuMsaMu NOTOKa CONHEYHoW pagvauum u ap. B atom mogenwn nocne
reHepaumm KpynHomacwTabHoOro MoOLHOro Buxps (BCrieacTBMe  pas3BUTUS  HEYCTOMYMBOCTYU
aTtMmocdpepbl) M nocneaywoowero 3atyxaHua TL, (N0 MCTeYEeHUM HEKOTOPOro BPEMEHW) BO3MOXHA
NoAaroToBka CUCTEMbl OKeaH-aTMocdepa K MNOBTOPHOW reHepauuMn TPOMUYECKUX LUKIOHOB MO
OOCTUXEHUN ee NnapameTpamMu NoporoBbIX AN 3anycka HeYyCTONYMBOCTM 3HAYEHUN.

Ob6o6LleHHas HenuHerHas Modernb CoAepXUT cBOOOAHble napameTpbl UM BblBOpPOM UX
BENMYMH MOXHO B OMpedeneHHOW CTeneHu YnpaBnsaTb BpPeMEHHOW AWMHAaMWKOW pernoHarbHOro
UMKIoreHesa, Hanpumep, MOXHO MEHATb KONMMYeCTBO 0Opa3syoLmMXcs B 3a4aHHOM pernoHe TangyHoB
B Mepuo akTUBHOrO Ce30Ha, WX XapaKTepuCTUKU BKYas MakCcMMaribHYl CKOpOCTb BeTpa,
NPOAOIPKUTENBHOCTb XM3HEHHOMO UuKNa Kaxgoro TL, AnuTenbHOCTM MHTEHCMdUKauuM BUXPEN OO
YPOBHSI TandyHa M Mocrnegywwero wx 3aTyxaHus.Takmm o0pa3oMm BMOMHE O4YEBUOHO, 4TO
pasBuBaembli Ha ocHoBe MIIM nogxog C ydeToM  [aHHbIX HabOMwAeHUn Mo napameTpam
KpynHomacwTabHblx Bo3MyLleHu Tuna TLL mos3sonsieT nonyynts AOCTaToOMHO MPOCTYH MoAesnb
onucaHus ce3oHHoro xopga PKLl B Kaxgom permoHe, 4to npenctaBnseTr OOonblIOM HayYHbIA U
NpakTU4eCcKUn MHTepec, Hanpumep, And pas3paboTku COBPEMEHHbIX METOAMK MPOrHO3a KPU3UCHbIX
aTtMocepHbIX ABMEHUIN, UX ONUTENBHOCTU U UHTEHCUBHOCTU. OTO BaXXHO WU ANS aHanu3a BhAUsHUSA
TU, HanpuMmep, Ha KpynHoMacwTabHyo LUMpKynaumio atmocdepsl 1 np.

B HacToswen pabote Ha ocHoBe 0606LIEHHBIX YpaBHEHWM ManonapameTpu4eckon
HENVHeNHOW MoAenu onucaHbl pesynbTaTbl NPOBEAEHHbIX YMCNEHHbLIX Pac4YeToB CE30HHOro Xxoda
KpynHoMaclITabHOro pernoHarnbHOro LMKIoreHesa C Y4eTOM HecTauMoHapHOCTM  (DOHOBOM
06CTaHOBKM, NPUBOASLLEN K Bapuaumusim ckopocTu BeTpa B TLl. [ina atoro B ypaBHeHus MMM BBegeH
Manbii napameTp, ONpeaensowmn aMnanTyay Bapvauum ckopoctu BeTpa. [pyM 3ToOM MOXHO Takke
MEHSITb Ha4yano WM KOHEL, aKTMBHOIO CEe30Ha, YUCIO BO3HMKAKOLWMX TandyHOB WM LUTOPMOB B 3TOT
nepuoa, ux xapaktepuctuku. IHTepecHo 1 1o, YTo NpoBefEHHbIN YACIIEHHbIN aHanu3 pewseHnin MMM
BbISIBMIT 3aMETHYH YyBCTBUTENbHOCTb CUEHapusi OUHAMWKU pEernoHanbHOro  LMKIoreHesa K
M3MEHEHUIO BEMWYMH UCXOAHbIX napameTpoB. CregoBaTenbHO, pasBMBaeMbI  MOAXo4 K
NCCNefoBaHUI0  KPyNnHOMAcCLUITabHOro perMoHanbHOro UMKIoreHesa no3BofseT OnTUMU3NPOBaThb
BbIOOp napameTpoB Mogenu Ans 3adaHHOro rodoBOro  WHTepBana, 4Tobbl onucatb  YKUCNo
obpaszoBasLlmxcs TLL, BpemeHa nx cywecTtBoBaHMS, MakCMarbHble CKOPOCTM BETPOB U MNp., KOTOpble
OOMKHbI COOTBETCTBOBaTh NapameTpam TLL B nmetowwmxcsa 6a3ax gaHHbIM HabnogeHun [4].

OCHOBHble YypaBHEHUsi HeNMHEWHOW MarionapaMmeTpuyeckon Mogenu M YUCIIeHHbIN
aHanus3 nx peLueHnm

Ona onucaHua cesoHHoro xoga PKLL ¢ yyeToM HectaumoHapHoCcTU hOHOBOW OBCTaHOBKU U
BHELLUHMX BO3OENCTBUN, KaK 3(EKTUBHBIX UCTOYHUKOB BO3MYLLEHWUA, MOXHO UCMOMb3oBaTb creqy-
owwme ypasHeHus MMM [1-3]:

dV/idt = y-(T=T¢ )V - p-V2 + y(t),
(1) dT/dt=-b(T-T)V2+(T,-T) /1,
dT, /dt = f(t) - v-( T, — To).

B chopmynax (1) ckopocTb V(t) namepsercs B m/cek, Temnepatypa T(t) 8 OC, Bpems t B cyTkax.
HanomHum, 4TO WHTEeHcudmkauma cnabblX CUMHOMTUYECKMX BO3MYLLEHUM HadMHaeTcs npu
TemnepaTypax noBepxHOCTM okeaHa T(t) BblLLe HEKOTOPOro NOPOroBoro 3HaveHuns T.. B cooTBeTCcTBUE

c pekoMeHaauusMmn paboTsl [5] Hwke Bygem nonarate T, = 26.5 OC, a ana TemnepaTypbl XONoaHOI
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BOAbI, MOAHMMAIOLENCH K MOBEPXHOCTW oOkeaHa, Oepem 3HadeHve T, = 23 0C. Heobxogumo

OTMETUTb, YTO 3HaYeHne T, BoobLLe roBops 3aBuUcUT oT pernoHa (LLapkos, MNokposckas, 2009).

B ypaBHeHusax (1) ncrtouHuk f(t) onucbiBaeT BNUSIHWE BHELIHUX (hakTOpoB Ha Temnepartypy
NMOBEpPXHOCTM OkeaHa, a yHkuusa y(t) Bo3HMKHOBeHMe cnaboro BeTpa (Npu OTCYTCTBMM TandyHa)
ManbiM BHEWHUM BO3MyLleHueM. B kayecTBe BHeWHUX (akToOpoB MOryT BbICTynaTb Bapuauuu
COIHEYHOWN aKTUBHOCTW, XapakTepusyemble, Hanpumep, Yucnamu Bonbda, ssneHme 3nb-HuHbo 1 ap.

YTob6bl yyecTb nameHeHne (HOHOBbLIX yCcriosuii B (1) Ana nepemeHHon Temnepatypbl T, npu

pacyeTtax AnHamuku TC ncnonb3osanack crieaytowas dyHkums T(t) = T, 4+ 5T(t), rae
2 dT() =8T, [1+ths (1) ]8T, [1+ths,(t)].

3aeck BBefeHbl 06osHaveHnsa s () = (t—t ) /1, ,s,() =(t-t,)/1,,ar1, , 1, XapakrepHble
BpEMeHa u3MeHeHusi Temnepatypbl 8T(t), npuyem nonaraetcs t; < t, . OTMeTMm, 4TO B 30He
3apoxaeHus TandyHa Temnepatypa T (t) BHa4ane Bo3pactaeTt Ha BeNuUUuHy 2-3T, ¥ NPy NpeBbILLIEHNN
NMOPOroBOro 3HAYEeHUs1 HaYMHaEeTCst KpynHoMaclTabHasi HeyCTOMYMBOCTbL C reHepaumen TC. B koHue
XunsHeHHoro uukna TC oHa ymeHbluaeTcst Ha 2:8T, (cMelleHune TandyHa B obnactb 6ornee xonogHou
BOAbl), UTO BeeT Kk 3aTyxaHuto TLL. B cnyyae onvcaHusa BpeMeHHOW AUHAMUKN HECKOMbKNX TandgyHOB
opmyna ana dyHkummn ST(t) AOMKHa COAEepXaTb HECKOSIbKO CriaraembiX Tuna ykasaHHbIX B
BblpaxeHumn (2) ¢ napametpamu ST, | 6T, , 7, , T, , ta, the ANS N-ro TandyHa. 3aecb cneayet
ykasaTb, 4TO npefcrtasneHne (2) ans dyHKumMn ST(t) ABnNsAeTcs He edMHCTBEHHbIM. B vacTHocTy,
COMMNacHoO BbINOMHEHHLIM pacyeTaMm BMOSIHE MNOAXOAUT 3aMeHa MCMNOMb30BaHHbIX B (2) dyHKUURA
paambiToro nepexopa [1 + th s (t) ] Ha cneayoulee Bblpaxerne { 1+ (t—t ) /[t 2 + (t—t )2 ]l/2 }c
Temu xe napametpamu t. 1. . PaccmoTpum noapobHee mpouecc reHepauum B aKTUBHOM CE30He
pernoHansHoro uuknoreHesa 6 <t < 103 yetbipex TL, B cnyyae y(t) = 0, f(t) = 0, v = 0. Anga onucaHuns
AMHaMUKKM LuKIoreHesa B coopmyne (2) ana 3T(t) ncnonbsyem npeacrasneHne

) OT{t) = G(t)-2n { 0Tan [+ th Sin(t) ] - 8Ton [ L +thsn(t) ]},
G(t)=1+o-sin(2nt/6.1).

Hwxe 6y,u,yT npmneeaeHbl Fpa(bVIKVI CKOpPOCTHK BETpPa N TeMnepartypbl MNOBEPXHOCTU OKeaHa O5iA
cnepgylolwero BapuaHta Bblbopa napameTpoB B (3) MpW YMCMNEHHBIX pacyeTax PELUEHUs CUCTEMbI
ypasHeHui (1): y=1, p=310% b=910",t=0.25 T, =26.5, T, = 23, V(0) = 0.3, T(0) = 26, 5T, =
1,8T, =1.4,8T,,=18,0T,,=18,8T,=2,8T,,=1.4,8T,,=26,08T,,=26, 11n=12n=1,t11 = 4, tn
= 20, t12 = 27, t22 = 47, t13 = 53, t23 = 65, t14 = 73, t24 = 96.

Puc.1. CkopocTb BeTpa B TandyHax V(t).

Ona napameTpa o, onpegensiowero amnnMTygy Bapuauum ckopocTtu Betpa B TL, npumem
3HayeHve o = 0.008. Ha puc.1 gaH rpacuk ckopocTy BeTpa B TandyHax V(t).

CornacHo puc.l gns BbIOpaHHOro 3Ha4YeHuUs napameTpa ¢ Bapuauuv BENUYMHbI CKOPOCTU
BeTpa HabnogalTcs Ha KBasucTauMoHapHOW cTaauu TandyHoB 1 nopsigka 2.9 m / ¢. AnutenbHocTb
XWU3HEHHOro uukna Tpetbero TL| HeBenuvka n Takue Bapuaumun V() Ha rpaduvke He MPOSABIAIOTCS.
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OTtmeTum, 4TO B cpegHeM ans nepsoro TLL ckopocTb BeTpa Obina 6nu3ka k 41.7 m / ¢, a gns
YeTBEPTOro oHa 6nmska K BenmunHe 63.4 M/ c.

Puc. 2. AnHamuka TemMnepaTtypbl NOBEPXHOCTN OKeaHa B 30HE LIMKITOHA.

OuHamuka TemnepaTypbl NOBEPXHOCTM OKeaHa T B 30He TL| nokasaHa Ha puc. 2. BugHo, 4to
Ha KBasucTauuoHapHow ctagum TL, Bapuauum T BecbMa Marbl, nopsigka 0.1° C. Npadukmn doHoBOM
Temnepatypbl ST(t) npu o = 0.008 (kpueas 1) u ana ¢ = 0 (kpuBaa 2) npeacTasneHsl Ha puc. 3.

AmnnuTyna 6bicTpbix Bapuaumin 3T (t) npu ¢ = 0.008 nopsaka 0.2° C.

Puc. 3. doHoBas Temnepatypa ST(t) Npu pasHbiX 3HAYEHUI BapyaLy BeNIMHYMHbBI CKOPOCTY BeTpa.

[nsa cpaBHEHUs pacCMOTpUM pe3ynbTaThl pacyeToB ang cnyyvas ¢ = 0.015 npy HEU3MEHHbIX
npoymx napametpax 3agadun. paduk ckopoctu V(t) nokasaH Ha puc. 4. CornacHo puc. 4 B AaHHOM
BapuaHTe aMnnuTyga BapuaLui CKOPOCTW BETpa Ha kBasucTaumoHapHon ctagum TL cywiectBeHHO
bonblwe — nopsgka 5.5 m / c. Ans amMnnuTyadbl Bapuauuvin TeMnepaTtypbl MOBEPXHOCTN OKeaHa B 30HE
TandyHOB Ha KBasucTaumMoHapHon ctagum TL, nonydaem 0.19° C, 4yTo B 2 pa3a MeHbLle amnnnTyabl
GbICTpbIX Bapuauuin ST(t).

Taknm oOpa3om BbIMOMHEHHBIA B HAcTosILEN paboTe UYMCNEHHbI aHanu3 OUHaAMWUKK
CE30HHOI0 xoga KpyrnHOMacaliTabHOro pervoHanbHOro Tponunyeckoro umknoreHesa (PKL)
NOATBEPAWS, YTO B paMKax manonapameTpuyeckon, HENMHENHOW MogEeNn nytem nogdbopa UCXOAHbIX
napamMeTpoB 3adayn, yyeTa HecTaumoHapHOCTM hOHOBOM OBCTAHOBKM, MOXHO MONyYaTb pasfnyHble
CLEeHapuM reHepauuMnm TPOMUYECKMX LMKIMOHOB W MOMSIPHbIX yparaHoB B aKTUBHOM Ce30He C
CYLLECTBEHHbIMW BapuaLMsaMM CKOPOCTU BETpa Ha KBasucTauuoHapHow ctagum TL u otcyTtcTBue
KPU3UCHBIX CODbITUI B OcTanbHoe BpeMsi roga. BrnonHe o4eBMAHO, YTO MpPUM COOTBETCTBYHOLLEM
nogbope napaMeTpoOB MOLENU pacyeTHble Xxapaktepuctuku TL| GyayT cooTBeTCTBOBaTb AaHHLIM
HabnoaeHUn KpynHOMacLUTabHOro LMKIoreHesa B UCCregyemMom permoHe.
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Puc. 4. paguk ckopoCTM BeTpa B TPONMUYECKOM LIMKIIOHE.

OanHble Habnogenun PKL, B 4acTHOCTW, CNyTHMKOBOW amnnapaTypon Heobxooumbl Ans
00OCHOBAHHOIO BbIOOpa MCXOAHbLIX MApamMeTpoB B HENWHENHOW MarnonapameTpuyeckon MOZenu,
peLueHnst KoTopow OyayT COOTBETCTBOBaTb XapaKTepUCTUKaM CHOPMUPOBABLUMXCS B KOHKPETHOM
permoHe TLI, a Takke AN nNpPaBUNBHOTO OMUCAHWUS BMWSHWUS BHELUHWX WCTOYHMKOB Ha
KpyNHOMacLUTaOHbIN TPOMUYECKUIA LIMKIOreHe3 C NMomoLLblo 3hPEKTUBHBIX CXEM NapameTpusaumm B
YUCNEHHOM MCCregoBaHUN MNPOCTPAHCTBEHHO-BPEMeEHHON AuHamukn TL. lNpegcraBnseT mHTepec
yyeT B MOCnefyLwmx WUCCNeAoBaHUAX KpyrnHOMAcLITabHOro UMKNoreHesa CyLweCTBEHHON ponu
3apsPKEHHbIX MOACUCTEM MOLUHBbIX aTMOCKEPHbIX BUXPEN, CAMpanbHOCTU BETPOBLIX MOTOKOB,
BblOeNeHns CKpbIToM TennoTbl ha3oBbIxX NpeobpasoBaHnii aTMOCdepHOn Braru.

3akntovyeHue

PesynbTaTbl NpoBeAEHHOrO MCCneoBaHMsA MOXHO CHOPMYnUpoBaThb CReaylowmm obpasoMm.
lMpoBeneHo ganbHenwee o0b6obweHne MMM gns onncaHna BO3MOXHOCTM Bapuaumii CKOPOCTU BETpa
B TadyHHax Ha KBa3WCTaLMOHApPHOW CTaauMM WX >XU3HEHHOro uukna. [loka3aHo, 4YTO Ha OCHOBe
0600LeHHON ManonapameTpu4eckon, HEeNMHENHOW MOAEeNM MOXHO WccrneaoBaTb OCOBGEHHOCTU
OVHaMWKN pervoHarnbHblX KPYMHOMAacLITabHbIX LMKIOreHe30B B Mepuos akTUBHOMO Ce3oHa, u3yyaTb
MX 3aBUCUMOCTb OT pasnuyHbIX BHELUHUX (PakTOpoB, HanpuMmep, BapuaLuin KOCMUYECKOW norodbl u
Op., KOTopble paHee paccMaTpmBanuCb Ha OCHOBE MeToda KOPPEnsuMOHHOro aHanusa.
lMpeonaraembln nogxod K wuccrnegosaHutoo avHamvkn PKL Ha ocHoBe MMM ¢ yyeTom
SKCMEepUMEHTamnbHbIX AaHHbIX MO XapakTepucTukaM KpynHOMacLUTabHbIX TPOMUYECKMX BO3MYLLIEHWN
TMNa TandyHOB MNO3BOMAET MONYYUTb aHaNUTUYECKYd MoAernb CEe30HHOro Xoda WHTEHCMBHOCTU
LMKIoreHesa B KOHKPETHOM pervoHe, 4YTo npeacraenset 60nbLION HAayYHbIN 1 NPaKTUYECKUA MHTEpec
B TOM uucne Ans pa3paboTky COBPEMEHHbIX METOAO0B MPOrHO3a KPynHOMAacLUTaBHbIX KPU3UCHBLIX
aTMocdepHbIX SBNEHUN 1 MOAENUPOBaHNS UX CBA3EN C OPYrMMK NpoLeccamu.

MoxHo nonaratb, YTO B JaHHOM MOAXOAE ydacTcs Nony4uTb obbscHeHue Habnogaembix
TPEHO0B MHTEHCMBHOCTU KpyNHOMAacLITabHOro LuKnoreHesa Ha BpEMEHHbIX MHTepBanax nopsgka 11-
NETHUX UMKIOB COSTHEYHOW aKTUBHOCTU. Kak W3BEeCTHO, KOpPEensuMOHHbIE CBS3N MeXOy COMHEYHON
aKTUBHOCTbIO M KPU3WUCHBbIMW MpoLeccaMn B HWXKHen aTmocdepe Obina 3amedeHbl CPaBHUTENbHO
AasHo. OpgHako nosgHee, 6onee pgeTarnbHble MCCMeaoBaHUMSA Ha BPEMEHHbIX MHTepBanax Gonbluer
ONUTENbHOCTU BbISIBUNM UX W3MEHYMBOCTb. B 4acTHOCTW, BBISICHMMOCH, 4TO 3TU CBHA3W MOryT
ocnabesaTb, ucuyesaTb WM [axe MeHATb 3Hak. Hanpumep, ocnabume B MCXOOHbIX AaHHbIX
HabnogeHun BnusHUe sBMneHns Ofb-HWHBO Ha TPOMMYECKM LMKIoreHes yaanochb BbissBUTb 11-
NETHIO LUMKIMYHOCTb B TPOMUYECKOM LIMKIOreHese Ans ceBepo—3anafHon 4Yactu TUXoro okeaHa u
nokasaTtb, YTO OHa HaxoAuTCs B NPOTMBOMA3e C COMHEYHOW aKTMBHOCTLIO. MccrnenosaHne gaHHOro
BOMpOCa Ha OCHOBE MaronapameTpuyeckon MoAenu UMKIoreHesa nnaHupyeTcs BbINOMHUTL B
nocnegyLmx pabortax.

HacTtoswasa pabota BbinonHeHa npu noggepxke Poccuickoro doHaa dyHAamMeHTanbHbIX
uccnegosaHun (npoekt Ne 07-05-00060) n nporpammbl OPH-11 PAH.
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Abstract: Since 2000 scientists from Space and Solar-Terrestrial Research Institute at the Bulgarian
Academy of Sciences contributed with Bulgarian build instruments in number of experiments for measurements of
the incoming space radiation fluxes and dose rates from Earth Surface to the Moon Orbit. This paper summarizes
the results obtained by different instruments on the ground and in aircraft, balloon, rocket, and on Earth, and
Moon spacecraft. Data from these experiments are analyzed, compared and plotted to reveal harmonized picture
how the different ionizing radiation sources contribute and build the space radiation altitudinal profile from the
earth surface to the moon orbit.

NMPO®UIT HA KOCMUYECKATA PAOUALNA MEXAY 3EMHATA NOBBPXHOCT
N OKOJIONTYHHA OPBUTA

LiBeTtaH JaueB

UHcmumym 3a KkocMmudecku uscredsaHusi U mexHonoauu — bbreapcka akademusi Ha Haykume
e-mail: tdachev@bas.bg

Knrovyoeu dymu: Kocmuyecka paduauyusi, Kocmudecko epeme, [Josumempusi, Criekmpomempusi

A6cmpakm: YuyeHume om MWHCcmumyma 3a KOCMUYECKU U C/TbHYe80-3eMHU u3criedeaHusi Ha
bwvneapckama akademusi Ha Haykume cred 2000 e. ywyacmeaxa ¢ O6wbrizapcku npubopu e cepus om
eKcriepuMeHmu 3a usmMepeaHe Ha dosama u romoka KocMudyecka paduayus om noebpxHocmma Ha 3emsama 00
OKoJ101yHHa opbuma. Tasu cmamus cymupa pe3ynmamume fosfyYeHuU ¢ pa3nuyHu npubopu, Kakmo Ha 3eMHama
M08BLPXHOCM U 8 ammocghepama CbC camonemu, banoHu U Ha cribmHuyu Ha 3emama u Jlyrama. NonydeHume
om me3u eKcriepuMeHmu OaHHU ca aHanu3upaHu, cpasHeHU U rpedcmaseHu Kamo eOUHEeH, CUHmMe3upaH,
8UCOYUHEH rpochun Ha pasnpedenieHuemo Ha 0Oo3ama U MOMoKa KocMuyecka paduayuss om 3eMHama
rnoebpxHocm A0 OKorlo/lyHHa opbuma.

1. Introduction

The radiation field around the ISS is complex, composed by galactic cosmic rays (GCR),
trapped radiation of the Earth radiation belts, solar energetic particles, albedo particles from Earth’s
atmosphere and secondary radiation produced in the shielding materials of the spacecraft and in
biological objects.

1.1. Galactic cosmic rays

The dominant radiation component in near Earth and Moon space environment are the
galactic cosmic rays (GCR) modulated by the solar activity. The GCR are charged particles that
originate from sources beyond our solar system. They are thought be accelerated at the highly
energetic sources like neutron star, black holes and supernovae within our Galaxy. GCR are the most
penetrating of the major types of ionizing radiation. The distribution of GCR is believed to be isotropic
throughout interstellar space. The energies of GCR particles range from several tens up to 10" MeV
nucleon™. The GCR spectrum consists of 98% protons and heavier ions (baryon component) and 2%
electrons and positrons (lepton component). The baryon component is composed of 87% protons,
12% helium ions (alpha particles) and 1% heavy ions (Simpson, 1983). Highly energetic particles in
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the heavy ion component, typically referred to as high Z and energy (HZE) particles, play a particularly
important role in space dosimetry (Benton and Benton, 2001). HZE particles, especially iron, possess
high-LET and are highly penetrating, giving them a large potential for radiobiological damage (Kim et
al., 2010). Up to 1 GeV, the flux and spectra of GCR particles are strongly influenced by the solar
activity and hence shows modulation which is anti-correlated with solar activity.

1.2. Trapped radiation belts

Radiation belts are the regions of high concentration of the energetic electrons and protons
trapped within the Earth’s magnetosphere. There are two distinct belts of toroidal shape surrounding
Earth where the high energy charged particles get trapped in the Earth’s magnetic field. Energetic ions
and electrons within the Earth’s radiation belts pose a hazard to both astronauts and spacecraft. The
inner radiation belt, located between about 0.1 to 2 Earth radii, consists of both electrons with energies
up to 10 MeV and protons with energies up to ~ 100 MeV. The outer radiation belt (ORB) starts from
about 4 Earth radii and extends to about 9-10 Earth radii in the anti-sun direction. The outer belt
mostly consists of electrons whose energy is not larger than 10 MeV. The electron flux may cause
problems for components located outside a spacecraft (e.g. solar cell degradation). They do not have
enough energy to penetrate a heavily shielded spacecraft such as the ISS wall, but may deliver large
additional doses to astronauts during extra vehicular activity (Dachev et al., 2009). The main absorbed
dose inside the ISS is contributed by the protons of the inner radiation belt. The South-Atlantic
Anomaly (SAA) is an area where the radiation belt comes closer to the Earth surface owing to a
displacement of the magnetic dipole axes from the Earth’s center. The daily average SAA doses
reported by Reitz et al.(2005) inside of the ISS vary in the range 74-215 uGy d* for the absorbed dose
rates and in the range 130-258 uSv d™ for the averaged equivalent daily dose rates.

1.3. Solar Energetic Particles (SEP)

The SEP are mainly produced by solar flares, sudden sporadic eruptions of the chromosphere
of the Sun. High fluxes of charged particles (mostly protons, some electrons and helium and heavier
ions) with energies up to several GeV are emitted by processes of acceleration outside the Sun. The
time profile of a typical SEP starts off with a rapid exponential increase in flux, reaching a peak in
minutes to hours. The energy emitted lies between 15 and 500 MeV nucleon™ and the intensity can
reach 104 cm™ s sr’’. Electrons with energies of ~0.5 to 1 MeV arrive at Moon, usually traveling along
interplanetary field lines, within tens of minutes to tens of hours. Protons with energies of 20 to 80
MeV arrive within a few to ~10 hours, although some high energy protons can arrive in as little as 20
minutes. SEP are relatively rare and occur most often during the solar maximum phase of the 11-year
solar cycle. In the years of maximum solar activity up to 10 flares can occur, during the years of
minimum solar activity only one event can be observed on average (Lantos, 1993).

1.4. Lunar albedo radiation

The lunar albedo radiation (principally neutrons) (De Angelis et al., 2005) is produced by the
interactions of GCRs and SEPs in the surface. The neutron albedo can contribute as much as ~20%
to the effective dose when the radiation environment is dominated by GCRs, whereas when SEPs
dominate, the neutrons contribute ~2% to the effective dose (Kim et al., 2010).

2. Instruments description

The main purpose of Liulin type Deposited Energy Spectrometer (DES) is to measure the
spectrum (in 256 channels) of the deposited energy in the silicon detector from primary and secondary
particles at the aircraft altitudes, at Low Earth Orbits (LEO), outside of the Earth magnetosphere on
the route and on the surface of the planets of Solar system. The DES is a Liulin type (Dachev et al.
2002) miniature spectrometer-dosimeter containing: one semiconductor detector, one charge-sensitive
preamplifier, 2 or more microcontrollers and a flash memory. Pulse analysis technique is used for the
obtaining of the deposited energy spectrum, which further is used for the calculation of the absorbed
dose and flux in the silicon detector. The unit is managed by the microcontrollers through specially
developed firmware. Plug-in links provide the transmission of the stored on the flash memory data
toward the standard Personal Computer (PC) or toward the telemetry system of the carrier. DES
sensitivity was proved against neutrons and gamma radiation (Spurny and Dachev, 2002, 2009),
which allows monitoring of the natural background radiation also.

For the analysis of altitudinal profile of the space radiation since 2000 following Liulin type
spectrometers were used in near Earth and Moon radiation environment on different carriers:

e Liulin-MDU1 launched on 14™ of June 2000 at ESA balloon flight up to 29 km over the Gap town,
France;
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e Mobile Dosimetry Unit MDU#1 of Liulin-4U instrunent was used on the Deep Space Test Bed
(DSTB) during the 8 June 2005 certification flight from Ft. Sumner, New Mexico up to 37.3 km
altitude (Benton, 2005). It was a part of the NASA Space Radiation Shielding Program, Marshall
Space Flight Center;

e Mobile Dosimetry Unit MDU-5 was used between 5" of June and 29" of July 2005 on aircraft of
Czech Airlines (CSA) at different routes. The experiments and data analysis were managed by
Prof. F. Spurny (Spurny and Dachev, 2009);

e Radiation Risks Radiometer-Dosimeter (R3D) for Biopan (R3D-B) with 256 channels ionizing
radiation monitoring spectrometer and 4 channels UV spectrometer known as R3D-B2 was
successfully flown 31 May — 16 June 2005 inside of the ESA Biopan 5 facilities on Foton M2
satellite. The operation time of the instrument was about 20 days for fulfilling of the total 1.0 MB
flash memory with 60 sec resolution (Hader et al., 2009);

e RADOM instrument was launched successfully on Indian Chandrayaan-1 satellite on 22nd of
October 2008. It starts working 2 hours after the launch with 10 seconds resolution behind about
0.45 g.cm'2 shielding. The instrument sends data for number of crossings of the Earth radiation
belts and continues to work on 100 and 200 km circular lunar orbit measuring mainly the GCR
environment (Dachev et al., 2009, 2011).

3. Scientific results

3.1. Example for the space radiation distribution from Earth to orbit of Foton M2 satellite

The doses of ionizing
radiation were measured
continuously from 24 May to 12
June 2005 on Foton M2 satellite
with the R3D-B2 instrument
(Hader et al., 2009). Figure 1
shows three important periods
recorded at 1-min resolution in
the time interval 25 May-3 June
2005. Moving averages curves
over 30 points for dose rate
(heavy dashed line) and dose to
flux ratio were plotted on the
figure. The lowest doses in the
left part of the figure were
obtained after 16:00 UT on 24 of -
ggé_é%oagr:ﬁg g}gpn;gu;;gg”?; 25/05 26/05 27/05 28/05 29/05 30/05 31/05 01/06 02/06 03/06

occurred. These few different Time (dd/mm)

values obtained in Nederland, Fig. 1. Variations of the average deposited dose rate for transatlantic flights
Russia and Kazakhstan of about at altitude 10.6 km.

0.08 Gy h™ are comparable with the natural background radiation with a world mean value about
0.0585 uGy h™ (Ghiassi-nejad, 2002). Two maxima occur during the two aircraft flights from
Amsterdam to Samara, Russia and from Samara to Baikonur. The highest dose rate values obtained
during the flights were about 3.2 uGy h™ for the first flight and 2.3 pGy h™ for the second flight. The
difference is produced most probably by different altitudes of the flights.

The doses in the central part of the figure are obtained after the integration of the Biopan 5
facility on the Foton M2 satellite. The increase of the doses up to 0.196 uGy h™ in this part of the
recording is the result of additional radiation produced by a gamma ray source on the Foton M2
capsule used for the determination of automatic rocket fire before the touchdown of the capsule. Right
side data are from the flight of the satellite in orbit.

The recorded maxima in the right side part of Figure 1 are obtained in space during the
crossing of the South-Atlantics magnetic anomaly (SAA) region where the inner radiation belt
populated with high-energy protons is encountered and from the outer radiation belt populated by
relativistic electrons (Dachev et al., 2009).

The values of the dose rate to flux curve (D/F) gives some information of the type of
predominant radiation sources measured by the instrument This methodology is based on the
experimental formulas published by Heffner (Heffner, 1971) and recently described for the Liulin type
dosimeters (Dachev, 2009). The experimental formulas (Heffner, 1971) shows that protons in the
range 10-300 MeV as in the inner radiation belt can delivery specific doses per particle always above
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1 nGy cm? particle™, while the specific doses by electrons in the range 1-10 MeV are less than 1 nGy
cm particle™. Same is truth for muons and all kind of electromagnetic radiation as roentgen and
gamma. It is seen that the D/F value in left part of the figure is stable with values around 0.5 nGy cm™
particle™. These low values are indicator of small energy depositing events in the instrument which are
generated mainly by muons and gamma rays. The D/F values fall down to about 0.42 nGy cm™
particle™ when the doses start to be built by gamma radiation source on the board of the capsule.

After the launch on 31* of May about noon the D/F mean values increase and stay at about
0.9 nGy cm™ particle™ in most of the time in orbit. These values are interpreted as caused by the GCR
particles (Dachev, 2009). Crossings of the regions of SAA increase these values above 1 nGy cm?
particle™, where protons are predominating and decrease below it during the crossings of the other
radiation belt regions populated mainly by relativistic electrons. This behavior is repeatedly seen on
2" and 3" of June when before and after noon SAA crossings occur and inner belt crossings are
about 10-11 hour in the morning.

The conclusion from this section of the paper is that in the simplest case with same instrument
in all around Earth radiation sources.

3.2 Altitudinal profile of the space radiation between earth surface and moon orbit

Chandrayan-1 1E+6 [ = Free space
RADOM, 04/11- /,/ GCR (100%)
06/11/2008, Aver. | ]
Aver. (5.3°S, 3°E) 1.E+5 sailll Outer radiation belt
103000-252000 km R === s : Y maximum
1-10 MeV electrons
Chandrayan-1 3
s\_‘- = | i
RADOM 1.E+4 == £ Inner radiation belt
26/10/2008 5 i N LT maxiim
Aver. (11°N, 178°E) i i \,_J >"’ 30-100 MeV protons
Alt. 380-91000 km ;1-?'_,_ -]
TR ;:. T-1= - Flux Photzer maximum
X g s ose rate ~“] GCR +secondary
[ ,/
8 Civil aircraft flight
g 1R | level =35000 feet
= L GCR + secondary
NASA DSTB <
Balloon flight 1.E41 Solar proton event
Liulin-4U MDU#1 : 15.04.2001
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=H0 . - 1.E+0 GCR + secondary
Aircraft flights
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Liulin-MDU5 A s
22/03-07/05/2001 TR il e e s SR SRR radlag%rkcl(?g;;ate
Aver. (50°N, 30°W) 159 1FA 1F+0 1F41 1F42 1F42 1F44 1.E+5 2
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Dose rate (uGy h-1); Flux (cm-2 s)

D/F (nGy sm2 part.-1)
Fig. 2. Variations of the absorbed dose rate flux and dose to flux for synthetic altitudinal profile from 0.1 to more
than 250000 km.

Figure 2 presents the synthesized altitudinal profiles of the moving averages (over 4 points) of
3 parameters: absorbed dose rate in !{le h™ (heavy line), flux in cm? s™ (long dashed line) and dose
rate to flux ratio in nGy cm™ particle™ (short dashed line). In the left side of the figure are listed the
carriers, instruments, time, averaged geographic coordinates of the measured values and their
altitudinal range in km. On the right side are listed the conditions and predominant radiation sources
for the places pointed with the strikes.

3.2.1. Ground natural radiation dose rate

The lowest point in Figure 2 represents the values of the mentioned above 3 parameters
obtained by averaging of 2431 points with 10 minutes resolution obtained during the measurements in
the airports at altitude above the see level (a.s.l.) between zero and 500 meters, which we accept as
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average value of 100 m a.s.l. The exact average value is 0.073 uGy h™. Other parameters values and
their ranges are given in Table 1. Different airports shows different dose rate mean values being
maximal in Prague airport - D=0.075 uGy h™* and minimal in the Dubai airport D=0.058 uGy h™. These
values are in good agreement with the world average natural background radiation dose rate, which is
0.0585l uGy h™ (Ghiassi-nejad et al., 2002) with minimum dose rate of 0.018 and maximum of 0.095
uGy h.

Table 1. Averaged data concerning points of interest on Fig. 2.

Point description, number of the Averaged |Averaged Averaged |Averaged |Averaged D/F
measurements used, altitude, |geographic |dose rate flux and and range
time [dd/mm/yyyy] range coordinates |and range [range [nGy cm?
[km] flong, lat]  |[uGy h] [cm?s™] |particle™]
Ground, 2431, 22/03-07/05/2001 0.1 2°W, 48°N 0.073 0.059 0.346
0.026-0.212 |0.0028-0.111]0.213-1.15
Flux minimum, 10, 22/03-04/05/2001 |1.6 51°W, 45°N |0.073 0.052 0.386
1.56-1.7 0.049-0.114 |0.04-0.072 |0.325-0645
Civil aircraft flight level between 10.5457 |31°W, 52°N |1.62 0.921 0.4881
34000 and 36000 feet (10.668 km), |10.3632- 0.85-2.33 0.534-1.068 |0.4032-0.6365
559 points, 22/03/2001-05/05/2001  |10.668
Photzer maximum GCR + 19 (dose) [107°W, 44°N |3.2 0.6
secondary, 2, 08/06/2005 16.4-29.1
15 (flux) 1.54 0.56
12-21
Inner radiation belt maximum 3007 165°E,15.3°S |37280 3127 3.31
30-100 MeV protons, 2 2984-3031
26/10/2008 01:58:15
Outer radiation belt maximum 21386 149°W,15.8°S|46335 14473 0.89
1-10 MeV electrons, 6
26/10/2008 03:03:04
Free space 229000 12.77 3.16 1.13
GCR (100%), 8314 200000-
251000

3.2.2. Flux minimum at 1.6 km altitude

Next interesting point on Figure 1 was the flux minimum observed at altitudes around 1.6 km.
This is the point where the terrestrial component of the background radiation can be neglected but the
cosmic radiation component is still at very low levels. The observed by us averaged value of the
altitude of 1.6 km which was equal to the calculated value by the GEANT-4 model (Bazilevskaya et al.,
2009). Our flux value was 0.052 cm™ s™, while the predicted by the GEANT-4 model is 0.025 cm™ s™.
From other hand the measured average value for 1976 by (Bazilevskaya et al., 2009) is 0.052 cm™ s™.
The dose rate at these altitudes observed by us also shows some time well seen minimum as
published on figure 10 of (Dachev et al., 2002) but in the case of Figure 1 it is not well formed. Exact
values for this point and their ranges are seen at Table 1.

3.2.3. Civil aircraft flight level at 35000 feet

At altitudes above the point of minimal flux the dose rate and flux start to increase rapidly
because of the domination of the cosmic radiation component. We obtain polynomial fitting
approximations by factor of 2 of the dose rate and flux in dependence of altitude:

1) Flux[cm s]Dose rate[uGy h™=0.0111*alt’[km]-0.0369*alt[km]+0.0774
2) Dose rate[uGy h™']= 0.0221*alt’[km]-0.00951*alt[km]+0.01579
where “alt” is the altitude in km.

As seen in Figure 2 the plotting of the dose rate and flux in the altitudinal range 0.1-12 km
gives strong variations of the measured values. The R-squared value for the flux is R*=0.9115, while
for the dose rate the obtained during process of polynomial approximation is R?=0.8301, which is
relatively low value. The average values of dose rate and flux at flight levels between 34000 and
36000 feet) (10.668 km) is obtained to be Dose=1.62 pGy h™ and Flux=0.921 cm™ s™ by averaging of
559 measurements in the time interval 22/03/2001-05/05/2001. The ranges for the values of the dose
rate is as seen from Table 1 between 0.85 and 2.33 uGy h™. The reason is that large amount of data
are obtained at standard nominal altitudes, measured in thousands of feet at different latitudes and
longitudes.
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3.2.4. Geographic map of 60—
dose rate at flight level at 35000 a i
feet

Figure 3 aims to answer the

question how the large ranges in the
values of dose rate are distributed in
latitudes and longitudes for a period
between 6" of May and 28" of June
2002. Data obtained mainly during
flights from Prague to New York and
Montreal and back are used. Some
amount of data covers the east low
latitudes by flights from Prague to
Dubai and back. The Prague airport
is on the following coordinates:
Latitude=50.15°N,Longitude=14.37°
E, Altitude=1123 m above the sea ] - : e
level. The dose rate data obtained at -5 -50 -25 0 25 50
standard nominal altitude of 35000 Longitude (Deg)
feet (10.67 km) are plotted in the Fig. 3. 2D variations of the absorbed dose rate for region in Northern
figure in dependence of the hemisphere between 75°W and 50°E longitude at altitude around
geographic latitude and longitude. 35000 feet (10.67 km).
The grid was obtained from 1043 measurements by the method of minimum curvature, which was with
5° and 10° spacing in latitude and longitude respectively. The linear gray level scale in the left side of
the figure is with minimal and maximal values of 0.7 and 2.1 uGy h™. It is well seen that the minimum
dose rate values are obtained at low latitudes in the longitudinal range 25°-50° East longitude. The
maximum dose rates are in the high latitudes in the longitudinal range 25°W-75°W. The reason for this
distribution is seen in the upper panel of Figure 2 where the vertical cosmic ray cut-off rigidity at 20 km
altitude for the geomagnetic conditions in 1990 in GV is plotted (Shea and Smart, 2001). As expected
following the shape of geomagnetic field lines the cut-off rigidity has its maximal values where the
dose rates has minimums and in reverse at the places with minimal rigidity the maximal dose rates are
observed. The higher cut-off rigidity means that the particles from the GCR and their secondary have
to have higher energy to penetrate to the atmosphere. That is why at the areas with low cut-off rigidity
larger flux and respectively larger dose rate is observed.

Latitude (Deg)

Vertical Cosmic Ray
Cut-off Rigidity in GV

—————— . L 1.9
1.7
1.5
1.3
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Latitude (Deg)

0.9

Dose rate (uGy h')

0.7

3.2.5. Photzer maximum

The interaction of the primary cosmic radiation with the atoms and molecules of the
atmosphere produces a broad spectrum of different secondary particles with varying energy and linear
energy transfer (LET): protons, neutrons, electrons, muons, pions, gamma-quanta and
bremsstrahlung. With increasing depth in the atmosphere, the primary cosmic radiation component
decreases, whereas the secondary radiation component increases. This complex situation results in a
maximum of the dose rate at an altitude of 18 to 25 km where the zone of the so called Pfotzer
maximum exists.

On Figure 3 it is seen that at the altitudes around 19 km the dose rate reach local maximums.
These data were obtained with a Liulin battery operated MDU during the 8 June 2005 certification
flight of the NASA Deep Space Test Bed (DSTB) balloon at Ft. Sumner (34.47°N 104.24°W), New
Mexico, USA (Benton, 2007; Adams et al., 2007). Because the relatively lower latitude (34.47°N) the
observed fluxes in the Pfotzer maximum is about 1.5-1.6 cm™ s™, which value is smaller the presented
by (Stozhkov et al., 2011).

3.2.6. Inner radiation belt maximum

As seen in Figure 2 upper than Photzer maximum the dose rates and fluxes decreased and
stay at almost fixed levels up to the bottom side of the inner radiation belt (IRB) maximum at about
1700 km altitude. This behavior was adequate for the RADOM instrument measurements at the Indian
Chandrayaan-1 satellite in October 2008 at low latitudes (Dachev et al., 2011). Measurements on the
HotPay2 rocket from Andoya Rocket Range (69.29°N, 16.03°E), Norway in January 2008 (Tomov et
al., 2008) shows much higher dose rates and fluxes even at 300 km altitude because larger Earth
magnetic field latitude and respectively lower geomagnetic cutoff rigidity (Shea and Smart, 2001),
which allowed larger GCR fluxes.

Starting from about 1700 km altitude the dose rates and fluxes increased sharply by more than
4 orders on magnitude and reached the maximums at the position of the IRB maximum at about 3000
km altitude. The major radiation source in the lower part of the IRB was high energy protons (Dachev
et al.,, 2011). At altitudes above the IRB maximum the dose rates and fluxes decrease and reach
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minimum values at about 11000 km altitude in the slot region. The D/F values raised inside of the IRB
and reached values of about 5 nGy cm™ particle™ at 9000 km altitude which correspond to energies of
about 25 MeV (Heffner, 1971, Dachev, 2009).

3.2.7. Outer radiation belt maximum

Up than the slot region at 11000 km altitude the dose rates and fluxes raised again to reach
new maximum in the region of outer radiation belt (ORB) maximum. Figure 2 shows that the ORB
starts from ~14000 km and extends up to ~54000 km. Maximum patrticle flux in the outer belt were
observed at ~22500 km. This maximum was populated mainly by 1-10 MeV electrons and it was
confirmed by the values of the D/F ratio, which was below 5 nGy cm™ particle™ inside of the ORB. The
comparison of our RADOM ORB flux data with the predicted by the models AE-8MIN and
CRESS/ELE/PRO (SPENVIS (http://www.spenvis.oma.be/) shows relatively large discrepancies. The
differences between the observed data and the models data can be explained by the fact that the
RADOM observations are made in relatively very low solar activity and quiet geomagnetic conditions,
which was never observed before (Dachev et al., 2011).

3.2.8. Free space

The average dose rate from 8314 measurements in the altitudinal range between 200000 and
251000 km from the Earth was ~12.77 uGy h™. The range of the real measured dose rates is between
3.34 and 41.34 pGy h™ with a standard deviation of 4.25 uGy h™. The average flux is 3.16 particles
cm-2 cm? s, while the real flux range is between 1.71 and 4.82 particles cm™ s with a standard
deviation of 0.41 cm™? s™. These values of the dose rate and flux may be used as referee values for
the “free space” radiation conditions at this very low level of solar activity.

3. Summary

The paper analyzed the obtained results in the different radiation environments of Galactic
Cosmic Rays at aircraft and balloon altitudes, inner radiation belt trapped protons, outer radiation belt
relativistic electrons and in free space during different missions performed with Bulgarian build
instruments. Data from these experiments are compared and plotted to reveal harmonized picture how
the different ionizing radiation sources contribute and build the space radiation altitudinal profile from
the earth surface to the free space close to moon orbhit.
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Abstract: The paper presents observations of relativistic electron precipitations (REP) on the
International Space Station (ISS) obtained by Bulgarian build R3DR instrument in the period March 2009-August
2010. R3DR is a Liulin type spectrometer-dosimeter with a single Si PIN detector 2 cm® of area and 0.3 mm thick.
The total external and internal shielding before the detector of R3DR device is 0.41 g cm™. The calculated
stopping energy of normally incident particles to the detector is 0.78 MeV for electrons and 15.8 MeV for protons.
Electrons with energy higher than 0.78 MeV play important role for the formation of the space radiation doses of
the astronauts during Extra Vehicular Activity (EVA). The global distribution of the REP generated fluxes and
absorbed doses at the orbit of ISS are analyzed. The REP in April 2010 being the second largest in GOES history
>2 MeV electron fluence event is specially studied and compared with models and data from other satellites.
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A6cmpakm: [IpeOcmaseHu ca pe3ynimamume om HabmwodeHusma Ha u3cuneaHus Ha
penamusucmu4Hu enekmpoHu (MPE) Ha MexdyHapoOHama kocmudyecka cmaruyuss (MKC), nonydeHu cbc
cb3dadeHus 8 bwrneapus npubop R3DR & nepuoda mapm 2009-aszycm 2010 e. R3DR e criekmpomemubp-
dosumemnbp om muna JlronuH* ¢ eduHuveH cunuyues Si PIN demekmop ¢ nnow om 2 cm? u debenuHa om 0.3
mm. TomanHama ebmpewHa U ebHWHa 3awuma Ha demekmopa e 0.41 g cm™. M3qyucneHama eHepausi Ha
criupaHe Ha eniekmpoHume e 0.78 MeV, a Ha npomoHume e 15.8 MeV. EneKmpOHume C eHepaus ro-eosnsima om
0.75 MeV uepasim saxHa possi 3a hopmupaHemo Ha do3ama om KocMu4ecka paduayusi Ha KOCMoHasmume o
8peme Ha OelIHOCM U38bH KOCMUYeCKUs Kopab. AHanu3upaHo e 2rnobanHomo pasnpedenieHue Ha eeHepupaHume
rno epeme Ha UPE nomouu u abcopbupaHu 0o3u Ha MKC. EkcnepumeHmanHume UPE daHHu 3a m. anpun 2010
2., Koumo ca emopume 10 20/IeMUHa Ha ¢b/IloeHca Om efieKmpPOHU C eHepaus nogeye om 2 MeV 8 ucmopusima
Ha HabmodeHusima Ha cnbmHuyume om cepusima GOES, ca uscnedgaHu nodpobHo u ca cpasHeHU ¢ 0aHHU om
meopemuyHu modenu u dpyau crbmMHUUU.

41



1. Introduction

Relativistic electron precipitations (REP) have been observed for many years. First reports are
by (Brown and Stone, 1986) and (Imhof et al. 1986, 1991). The most comprehensive study of long-
term observations of REP was made by Zheng et al. 2006), using the 2—6 MeV electron data from the
SAMPEX satellite during 1992-2004.

Relativistic electrons enhancements in the outer radiation belt are one of the major
manifestations of space weather (Zheng et al., 2006; Wrenn, 2009) near the Earth’'s orbit. Their
understanding is of significant importance from both a practical and space radiation physics point of
view. Electrons with energies of a few MeV can penetrate the spacecraft shielding and can deposit
significant charge in the dielectric materials, which after electrostatic breakdown can damage sensitive
electronic preamplifiers and whole systems of the spacecraft. A similar event happened with the
Galaxy 15 spacecraft (Green et al., 2010), which stopped responding to ground commands at the
beginning of the period studied by us on 5" of April at 09:48 UTC.

Relativistic electrons were observed by us outside the Foton M2/M3 spacecraft in the periods
31 May-16 June 2005 and 14-29 September 2007 and outside the European Columbus module of
the ISS in 2008 (Dachev et al., 2009). The relativistic electrons observed on ISS in 2008 were
connected with the geomagnetic field disturbances in the period 27/02/2008-07/05/2008.

Now we present the full range of data obtained by R3DR instrument in the period between
January and August 2010. The main idea of the analysis of more than 150 daily fluences is to
underline that the REP events are common on ISS. Never the less that the obtained doses do not
pose extreme risks for the astronauts being on EVA they have to be considered as permanently
observed source, which require additional comprehensive investigations.

2. Instrument description

The R3DR instrument is a successor of the Liulin-E094 instrument, which was part of the
experiment Dosimetric Mapping-E094 headed by Dr. G. Reitz that was placed in the US Laboratory
Module of the ISS as a part of Human Research Facility of Expedition Two Mission 5A.1 in May-
August, 2001 (Reitz et al., 2005, Dachev et al., 2006, Wilson et al., 2007, Nealy et al., 2007, Slaba et
al., 2011).

The experiments with the R3DR spectrometer were performed after successful participations
in ESA Announcements of Opportunities, led by German colleagues Dr. Gerda Horneck and Prof.
Donat-P. Hader (Horneck et al., 1998). The spectrometers were mutually developed with the
colleagues from the University of Erlangen, Germany (Streb et al., 2002, Hader et al., 2009).

The R3DR spectrometer was launched inside the EXPOSE-R facility (Please see Figure 1) at
the outside platform of Russian Zvezda module at the ISS in December 2008. The first data were
received on March 11, 2009. Till 27" of January 2011 the instrument was working almost permanently
with 10 seconds resolution in a very similar way as the R3DE instrument on the Columbus module
(Dachev, 2009). R3DR instrument is a low mass, small-dimensioned automatic device that measures
solar radiation in 4 channels and ionizing radiation in 256 channels. It is Liulin type energy deposition
spectrometer. The size of the aluminum box of the R3DR instrument is 76 x 76 x 34 mm.

The ionizing radiation is monitored using a semiconductor PIN diode detector (2 cm? in area,
0.3 mm thick). Its signal is digitized by a 12 bit fast A/D converter after passing a charge-sensitive
preamplifier. The deposited
energies (doses) are determined by
a pulse height analysis technique
and then passed to a discriminator.

The amplitudes of the pulses AV]
are transformed into digital signals,
which are sorted into 256 channels
by a multi-channel analyzer. At
every exposition time interval one
energy deposition spectrum is
collected. The energy channel
number 256 accumulates all pulses
with amplitudes higher than the
maximal level of the spectrometer
of 20.83 MeV. The methods for
characterization of the type of ¥ .
incoming space radiation are  Figure 1. External view of the EXPOSE-R facility. The R3DR
described by (Dachev, 2009). instrument is situated inside the red oval.
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System international (Sl) determination of the dose is used, in order to calculate the detector
doses absorbed in the silicon. Sl determines that the dose is the energy in Joules deposited in one

kilogram. The following equation is used:
256

D[Gy] =K _(ELii)[J]/MD[kg]
®

where K is a coefficient, MD - the mass of the solid state detector in [kg] and EL; is the energy
loss in Joules in channel i. The energy in MeV is proportional to the amplitude A of the pulse

EL[MeV]= AV]/0.24]V / MeV]_ 0.24]V [ MeV ]
preamplifier and sensitivity of it used.

is a coefficient depending on the used

The construction of the R3DR box consists of 1.0 mm thick aluminum shielding before the
detector. The total shielding of the detector is formed by additional internal constructive shielding of
0.1 mm copper and 0.2 mm plastic materlal The total external and internal shielding before the
detector of R3DR device is 0.41 g cm?, respectively. The calculated stopping energy of normally
incident particles to the detector is 0.78 MeV for electrons and 15.8 MeV for protons (Berger et al.,
2010). This means that only protons and electrons with energies higher than the above mentioned
could reach the detector.

3. R3DR data analysis

The available R3DR data covered 2 main periods: March-June 2009 and December 2009-
August 2010. Except the large data gap between July and January 2009 there are two smaller periods
in January-February 2010 and in the middle of March 2010.

The selection procedure, which allows us to distinguish between 3 different radiation sources
(GCR, SAA and ORB) seen by the R3DE instrument, is based on the analysis of the dose to fluxes
values (Dachev, 2009) and on the methodology described in Bankov et al. (2010).

Figure 3 accumulates in the bottom panel all available R3DR relativistic electrons daily
fluences (ISS Flu) and daily absorbed dose rates (ISS AD) data. These measurements were
compared with the GOES-11 daily fluence data for energies above 2 MeV and the daily global Ap
index (upper panel). All curves represent the moving average over 2 points of the raw data.

The most interesting period in Figure 4 began on 1% of April 2010 and covered all data till 20"
of August. The R3DR and GOES-

11 daily relativistic electron fluences 50

almost explosively increased on 6" -

and 7" of April as seen on Figs. 4 3 %

and 5. The consequences of the G-

space weather processes, which gé. 20

provoked this increase can be g '

described as follows (Space 10 |

Weather Highlights, 05-11  April i Wit | | —w—w\‘w

2010, SWO PRF 1806, 13 April =~ 1E+10 I ——

2010, (http://www.swpc.noaa.gov/): E1.E+09 —MA (ISS AD) r k |

1) Solar activity was at very low = 6.1-E+08 ——MaA (ISS Flu) ‘ \fﬁ%r
levels with isolated low-level B- & S 1E+07 hn —MA GOES (Y Lk
class flares; 2) a halo coronal mass %—-'-E““s ™ %a W

ejection (CME) is observed on 3 g'"E*05 71 LM ™}
03/0954 UTC; 3) About 2 days later ~ E« =" T : i !
a shock was observed at ACE at “’-”31902 il T Bl O B | N
05/0756 UTC, which led to a &2, c.00 |4 _ ] Mw
sudden impulse on Earth at © 3. c..0 l\'ﬁl y | T

05/0826 UTC (38 nT was observed o " -

at the Boulder magnetometer); 4) 2] 2 ‘}@ S B PP P qp" .@ "g@ S S S e
the ACE satellite observed wind Q\\Q“\\ “\\ \\Q‘ '\\B '\\Q’ '\\Q '\\\ \\\ A.\\ g\\ \\QQ\\ “\\Q’ '\\Q -\\B WS
speeds between 720-800 km s* Time (dd/mmiyy)

behind the shock, with Bz reaching  Fig. 2. Results for the daily >0.78 MeV fluence measured with the
values around -15 nT; 5) the activity ~ R3DE instrument on 1SS (ISS flu???) and the dose rate (1SS AD)
continued on 06 April with  deposited by it for the whole operational time between February
predominantly active to minor storm 2008 and September 2009. These data are compared with the

levels, as well as an interval of  gayly GOES-11 satellite >2 MeV (GOES) fluence and the daily
minor to major storm levels  global Ap index.
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observed between 06/0000-0600
UTC; 6) Wind speeds at ACE
decreased to about 550 km/s at
06/2100 UTC.

Nevertheless  that the
created magnetic storm on 6" of
April was moderate (daily Ap=49, -50- _ - =
minimal Dst=-72 nT at about noon), -180 -150 -120 -90 -60 -30 0 30 60 90
the second largest in history of Longitude (deg)
GOES fluences of electrons with  Figure 3. 3D geographic distribution of the dose rate data. The
energies >2 MeV were measured.  white (white blue) curves represent equal L-parameter values.

The increase in the GOES-11  South and north ORB regions are situated at 4.5<L<3.5.

fluence of electrons with energies

more than 2 MeV was by 4.5 orders of magnitude, while the R3DR > 0.78 MeV fluences increased
less than 4 orders of magnitude. Till the end of measurements with the R3DR instrument at 20™ of
August 2010, a few smaller Ap maxima were observed and they were followed by very similar
responses on the GOES satellite, while the ISS data correlation was much smaller.

Fig. 3 aims to present the geographic distribution of the data for the period 1% of April-7th of
May 2010. Geographic longitude and latitude are on the X and Y axes, respectively. The white (white
blue) curves represent equal Mcllwain's — L-parameter values (Mcllwain, 1961; Heynderickx et al.,
1996) at the altitude of the station. The closed line in the eastern Hemisphere represents L=1. Other
open lines rise with values 1.5, 2.5, 3.5 and 4.5 from the equator toward the poles. The dose rate is in
the 3" dimension and the values are colour coded by the logarithmic scale bar shown at the right side
of the graphic. The dose rate values presented are obtained by averaging of the rough data in
longitude/latitude squares with 1° size. The regions ORB and SAA regions are labelled.

The SAA region is well seen in Fig. 3. The coordinates of its central location are remarkable,
which are at -50° west longitude and -32° south latitude for the dose rate. The flux maximum location
is at the same longitude but at -30° south latitude. These values are in comparison with AP-8 MIN
model (SPENVIS (http://www.spenvis.oma.be/); (Vette, 1991) epoch 1970 moved with -12° to the west
and the flux maximum with 2° moved to the north (Wilson et al. 2007). The calculated rate of the flux
maximum movement is 0.3° yr™* to the west and 0.05° yr' to the north. These drift rate values are in
good agreement with (Badhwar et al., 1994) and with (First et al., 2009), but slightly disagree with our
previous findings (Wilson et al. 2007) of 0.19° yr™* westward drift.

The Relativistic electron precipitations (REP) regions are parts of the outer radiation belts
(ORB) and are seen in both Hemispheres as bands of high dose rate values in the range 3.5<L<4.5.
The Northern Hemisphere REP dose rate values have a single area situated between 50°W and
130°W with a maximum at 90°W. In the Southern Hemisphere the REP is a wide area between 20°E
and 170°W. A well-defined maximum is formed at about 70°E. Further high values dose rates are
randomly distributed in the whole area up to 180°E. The Northern Hemisphere REP maximum lies
above 45°N rising toward the maximum inclination of ISS at 51.8°. In the Southern Hemisphere the
maximum is wider, starting from 42°S. There is a well seen maximum at about 48°S. The presentation
of REP data in the L value coordinates shows a maximum at about L=3.9 in both Hemispheres. Due to
the Earth magnetic field asymmetries the maximal L value in Northern Hemisphere is L=4.64, while for
the Southern Hemisphere the maximal value is L=6.14. This asymmetry is probably the reason for the
maximal dose rate values in the Northern Hemisphere to be about 6000 pGy h™, while the Southern
Hemisphere maximal dose rate values are more than 3 times larger and reach 22,000 pGy h™.

The GCR dose rate values are also well seen in Figure 4 as enhanced bands with values
between 0.5 and 10 pGy h™ equatorwards from the REP bands.

The averaged L value distributions of the dose rates of the three major radiation sources look
as follows: (1) GCR minimal average dose rate value is about 1 pGy h™ at L=1. It rises up to 10-11
uGy h™ at L=4 and stays further at this value up to L=6.14; (2) IRB (SAA) dose rates are about 22 uGy
h™ at L=1.1. They rise sharply to a value of 600 uGy h™ at L=1.4 and then slowly decrease to a value
of 20 uGy h™ at L=2.8; (3) ORB dose rates are at a value of 18 uGy h™ at L=3.15, rise up to a value of
500 uGy h™ at L=4 and then decrease down to a value of 80 pGy h™ at L=6.14.

Latitude (deg)

Dose rate (0Gy h™')

120 150 180
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4. Comparison of R3DR data with model and other data

4.1. Comparison with Earth radiation models

In order to answer the question about the R3DR flux data representativeness, we prepared
Fig. 4, which compares the fluxes measured by the R3DR instrument with those predicted by
SPENVIS models: AE-8 MIN model ((http://www.spenvis.oma.be/); Vette, 1991), CRRES/ELE model
((http://www.spenvis.oma.be/); Meffert and Gussenhoven, 1994; Brautigam and Bell, 1995) and ESA-
SEE1 model ((http://www.spenvis.oma.be/); Vampola, 1996). The model conditions are as follows:
Alt.=359 km; Lat.=48°S; UT=00:00; 0<Long.<180°; Step=2°; Low solar activity; Ap<15; Internal
magnetic field model: (Jensen & Cain 1962) updated to 1996.8.

Figure 4 presents the flux longitudinal profile in the range 0°-180° as predicted by the models
and measured by R3DR in the Southern Hemisphere at the conditions mentioned above. The Y axis
presents the integral flux data in 5 orders of magnitude. All models and R3DR data have the same
(cm'2 s™) dimension. The R3DR flux data (black points) are selected using the following criteria:
47°S<Lat.<49°S and dose rate higher than 100 uGy h™. Analyzing flux and dose rate data in these
latitudes we found that the area of extreme flux values is shifted by 10° to the east. The moving
average line (dashed line) was found with a period of 100 points. It is seen that the R3DR data are at
very low levels up to 55°E. We explain the subsequent maxima formed in the range 70°E-160°E with a
concentration of descending orbits paths of the station. The R3DR data distribution is almost random
in the whole range of longitudes 50°E-170°E with some tendency of maximum at 70°E-80°E. The
shape of the R3DR data is closer to the CRESS model, which has a maximum in 110°E-120°E and
this maximum coincides with L value maximum for this profile.

The other 2 models AE-8
MIN and ESA-SEE1, (ESA-SEEL1 is 1.E45 &
an update of the AE-8 MIN model, g === =

- : g - R3DR
Vampola, 1996) show a very similar 16w Lo AESMIN |, Loy rooR AN

-

longitudinal distribution with a
maximum at 60°E-70°E. The
common feature of the 3 models is
that the predicted fluxes are orders
of magnitudes higher than the
experimental data. This large
difference can be explained in two 1.E+1
possible ways. The first one is the
uncertainties of the models, which is PR ] .
manifested by the different shapes T o 20 40 60 80 100 120 140 160 180
and place of extreme values Longitude (deg)

calculated by the three models. The  Fig. 4. Comparison of the R3DR data with the AE-8 MIN, ESA-
second one is connected with the SEE1 and CRRES/ELE models on the longitudinal profile at 48°S
loss of counts in the R3DR latitude.

spectrometer.

For the 10 s time resolution spectra of R3DR we never observed overflow of the counts in one
channel above the maximum allowed count limit of 65,536 counts per channel; that is why we consider
that the dead time of the spectrometer can be the main reason for count losses. By analyzing RADOM
instrument flux data inside the maximum of outer radiation belt we found that Liulin type instruments
do have a real upper limit of flux values of 20,000 cm? s™ (Dachev et al., 2011). In fact in the R3DR
data, the flux values are less than 10,000 cm™ s™, which means that most of the differences between
R3DR flux data and models are because of the uncertainties of the models.

-

m
+

w

1.E+2

Flux (cm-s-)

4.2. Comparison with other measurements

Figure 5 presents the results of the comparison between R3DR data and the Japanize GOSAT
data for the differential flux of electrons with energies between 0.91 and 1.06 MeV. Both data sets are
ordered in the same way in two panels where the bottom panel is for the R3DR data, while the top is
for the GOSAT data. GOSAT data are obtained graphically from the presentation “Space Environment
Measurements by JAXA Satellites and I1SS” of T. Obara at 7" European Space Weather Week, 15-19
November, 2010 - Brugge, Belgium, 2010 (Obara, 2010). On the X axis the UT is plotted for the period
01/04/-07/05/2011. On the Y axis the L value of the R3DR data in the range 2.5-6.5 is plotted. The
GOSAT data are distributed up to L=9 but here only part of these data are presented.
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equation we obtain: (Dose rate)=2.34*Flux+15, which means that the R3DR flux data are by a factor of
2.34 less than the dose rate values shown. The main conclusion for the absolute values is that the
GOSAT fluxes are on the order of hundreds of thousands of particles per square cm per s, while the
R3DR data show about 2 orders of magnitudes less. This is understandable because the GOSAT orbit
is 300 km higher than the ISS orbit.

On the other hand, the purpose of Fig. 5 is mainly to compare the boundaries of the REP in L-
value and the time and place of the extreme values obtained for both satellites. By analysing these
parameters, we may conclude the following: (1) both data sets show similar lowering of the
equatorward L value boundary of the precipitation from about L=5 on 1 of April down to L=3.5 on 6"
of April. Later on this boundary stays stable around the value of 3.5 during the whole period; (2) the
poleward boundaries of the precipitations also coincide quite well for the beginning of the period,
reaching L=6.5 in the period 7-11 April and falling down later. The poleward boundaries of R3DR data
on 5" and 6" of May are lower than the boundaries; (3) the temporal poleward movement of the
precipitation boundary on 13" of April is well seen in both data, but later, on 21 and on 29" of April
the GOSAT movement of the precipitation boundary is missing; (4) Both data show the absolute
maximum of the precipitation of relativistic electrons on 7" of April.

Using the opportunity provided by (Zapp, 2011) and by ‘Coordinated Data Analysis Web’ at
Goddard Space Flight Center (http://cdaweb.gsfc.nasa.gov/), we compare ISS TEPC data on 7™ of
April 2010 with the R3DR data and find that even inside 1SS the TEPC record some additional
relativistic electrons dose rate in the Southern Hemisphere crossings of the high latitude region. The
highest caused by relativistic electrons and bremsstrahlung TEPC absorbed dose rate occur exactly
when the R3DE reached it absolute maximum at almost 19000 uGy h™ at about 13:20 UT on 7" of
April. The TEPC dose rate rises only from the GCR level of about 16 up to 40 uGy h™.

Also using information from (Obara, 2010) we looked at the global maps obtained by the
Japanize instrument SDOM at ISS http://seesproxy.tksc.jaxa.jp/fw_e/dfw/SEES/pub/SEDA-
AP/GRAPH and found that the ISS 0.93-1.85 MeV electron flux is enhanced in both Hemispheres
equatorward from the magnetic poles in the period 7-9 April 2010. This is in accordance with the
R3DR observations shown on the global distribution in Fig. 3.

Conclusions

Measurements of relativistic electrons were performed with 10 s resolution with the R3DR
instrument outside the Russian Zvezda module of the ISS for the period March 2009-August 2010.
The calculated stopping energy of normally incident particles to the detector is 0.78 MeV for electrons
and 15.8 MeV for protons. The observations were correlated with the GOES-11 more than 2 MeV daily
fluences and with daily Ap indexes. The selection of the data was done using the existing Liulin type
instruments dose to flux relations, which define that when the dose to flux ratio in one exposition cycle
is less than 1 nGy cm™ part™ the predominant amount of particles are electrons and vice versa, when
this ratio is larger than 1, the predominant particles are protons. REP is seen in both Hemispheres
above 45°N and 42°S geographic latitudes. The Northern Hemisphere REP dose rate values are
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situated in a single area between 50°W and 130°W with a maximum at 90°W. In the Southern
Hemisphere the REP is a wide area between 20°E and 170°W. A well-defined maximum is formed at
about 70-80°E. The REP regions are seen in both Hemispheres as bands of high dose rate values in
the range 3.5<L<4.5. Maximal dose rate from the precipitating high energy electrons was found on 6"
of April with highest dose rates of almost 22,000 uGy h™. The highest daily dose rate was reached on
7™ of April with 2323 puGy day™. The comparison of the R3DR longitudinal flux profile along 48°S
latitude with the AE-8 MIN, ESA-SEE1 and CRRES/ELE models shows that the three models
predicted fluxes, which are orders of magnitudes higher than the experimental data. We attribute
these large differences to the models uncertainties because we never observe overflow of the counts
limits in one channel and because the flux is less than the real upper limit of Liulin instruments flux
value of 20,000 cm™ s™. The comparison between R3DR data and Japanize GOSAT data shows good
agreements for the places and dynamics of the REP boundaries obtained at both spacecraft.
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Abstract: The role of the non-uniform distribution of the ionospheric potential V, in each hemisphere at
polar latitudes (characterized by trans-polar potential difference Ve of 30-140 kV) is studied in the global atmospheric
electrical circuit (AEC) below 100 km. The potential difference Ve is controlled by the solar wind (SW) parameters,
hence, our goal is to estimate the AEC response to solar wind and solar activity. A numerical model is developed
which serves to determine the electric currents and fields thus superimposed to basic ‘fair-weather’ AEC
characteristics. This model is based on the continuity equation for the electric current density. Computations are
made in the domain of altitudes 50-160 km at geomagnetic latitudes higher than 45 ° of a hemisphere. Sources for
the superimposed electric currents and fields are the trans-polar potential difference Vi and the field-aligned
currents at altitude 160 km. This upper boundary of the model domain is above the dynamo-region in which an
effective closure of field-aligned currents is realized. We compare the superimposed currents and fields to AEC
characteristics in lower ionosphere and mesosphere and show that these first are dominating in these regions. The
influence of the IMF and SW variations on the dominating superposed electric currents and fields is studied. Their
possible effects on the atmospheric parameters and processes are considered.

ENEKTPUYECKA PEAKLIUA HA BUCOKOLLUUMPOTHATA CPEAHA ATMOC®EPA HA
XAPAKTEPUCTUKUTE HA CITbHYEBUA BATHP, NONTYYEHA YPE3
CUMYINALUUOHEH MOAEN

MeTbp ToHeB

MHcmumym 3a KocMmuyecku u3criedeaHus U mexHonoauu - bbrneapcka akalemusi Ha HayKume
e-mail: ptonev@bas.bg

Knroyoeu Oymu: UoHocchepeH nomeHyuasn, DC enobanHa ammocgepHa enekmpuyecka eepuea,
lioHocghepHa nposodumocm, ammocehepHa poesodumocm, HadIbXHU mokose, Molesi Ha Weimer, mok
lioHocghepa-3emMsi, ypasHeHUe Ha HerpekbcHamocmma

Pesrome: U3criedsa ce ponsima Ha HeeOHOPOOHOMO pasrpedesieHue Ha UOHOChepHUsA nomeHyuan V,
Ha eucoku wupuHU (Mol ce xapakmepu3upa C mpaHc-ropsiHa nomeHyuanHa pasnuka Ve = 30-140 kV) e
enobanHama ammocgepHa enekmpudecka eepuza (AEB) nod 100 km. TpaHc-nonspHama rnomeHyuaaHa
pasnuka Vip ce yrpaernsiea om napaMempume Ha ClibHYesUs1 8iMbp, criedo8ameriHo, uenma HuU e 0a ce Harnpasu
oueHka Ha peakyusima Ha AEB Ha cribHYesus1 8Imbp U CribHYe8ama akmueHocm. Pazsum e yucrieH modern, 4ype3
Kolmo Oa ce ornpederiim efleKmpuYyecKume mokoee U rofiema 006aseHU KbM OCHOBHUME 8eIUYUHU ‘puU SICHO
epeme’ 8 AEB. Tosu moden e b6a3upaH 8bpXy ypasHeHUemoO 3a HerpeKbCHamocm Ha MnAbmHocmma Ha
eflekmpuyeckusi moK. HanpaeeHume u3qucrieHuUs ca 3a eucoyuHHama obnacm 50-160 kM Ha eeomazHUMHU
wupuHu Hao 45 ° e GadeHa nonycgepa. Kamo usmoyHuyu Ha 8brnpocHUme 0obaseHu elekKmpu4yecku mokose u
ronema ce npuemMam romeHyuanHama pasfuka Ha mpaHc-rnosaspHUsA nomeHyuan Ve U HalabXXHUMe moKose Ha
sucoqyuHa 160 km. Tasu eopHa epaHuua Ha modenHama obnacm e Hald OuHamo-obracmma, 8 KosImo ce
ocbwecmssiga eqheKmusHO 3ameapsiHe Ha HaOmbXHUMe mokose. HanpaseHo e cpasHeHue Ha 0obaseHume
efiekKmpuyYyecKku mokose u rosiema cbc cbomeemHume 6asosu 8 AEB u e noka3aHo, 4e nbpgume doMuHuUpam 8
me3u obnacmu. M3crnedeaHo e enusHUemo Ha eapuayuume Ha MexOyrniaHemHomo MagHUMHO rone u Ha
CITbHYe8US 8SMBP 8bPXYy Me3u OOMUHUpaWU efekmpu4yecku mokosge u rnonema. Pa3enedaHu ca 8 b3MOXHUME
um egbekmu 8bpXy ammocgepHuUme napamempu U npoyecu.
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Introduction

According to the classical view, the DC global atmospheric electric circuit (AEC) [1,2] is
determined by the electric currents generated by distributed over the globe lightning-producing
thunderstorms (TS), and electrified shower clouds (ESC) producing currents only by dissipation of
their electric charges [2,3]. According to recent observations [1-3], the global rate of the lightning
discharges is about 50 s™*.

The upward currents from TSs and ESCs charge the ionosphere to a positive potential V, of
250-300 kV with respect to ground; their closure is by the fair-weather downward current of density 1-6
pA.m~ [1-3] flowing from the ionosphere to the surface. An additional source takes place at high
latitudes [4], and its contribution to AEC is estimated here: it is related to interaction of solar wind (SW)
with magnetosphere and ionosphere, and is realized by the system of field-aligned currents (FAC) and
the formation of trans-polar potential difference Vip of 30-140 kV in each hemisphere superimposed to
the uniformly distributed ionospheric potential V,. The influence of the potential difference V\» on AEC
is examined here; this needs consideration of both sources.

At any moment in AEC operate about 1000 thunderstorms, most of them located at equatorial
and low latitudes [3]: they produce cloud-ground lightning discharges realizing a temporal shortcut in
the cloud-ground link in AEC [5] (unlike intracloud discharges). This link forms a bottleneck in AEC
because of its large resistance [5, 6] in respect to the other AEC links; hence the contribution in AEC
of lightning may be significant (its contribution is estimated between 2% [6] and 40% or more [5]). The
ESCs contribute to the ionosphere by currents from dissipating cloud charges.

The electric currents in AEC exist due to ionization of the atmosphere (although weak), which
provides conductivity. Different sources of ionization play a role in atmospheric regions. Between 3 km
and 70-80 km galactic cosmic rays (GCR) contribute for ionization [7-9], so that up to 35 km GCR are
the only ionization source [10-12]. Below 3 km the radioactive gases (radon, etc.) of terrestrial origin
[13] are the only ionization source (photo-ionization plays a role above 35 km). In the high latitudinal
ionosphere there are different additional ionization sources, e.g. precipitation particles, intense electric
currents in auroral regions, GCR [8, 9], solar cosmic rays [14], anomalous cosmic rays [15], etc. These
factors play an important role in formation of the ionospheric conductivity at high latitudes which has a
key role in formation and distributions of the electric currents and fields in AEC originating from the
potential difference Vtp and superimposed to those originating by TSs and ESCs. The ionospheric
electron density can also be influenced by electric fields generated above powerful thunderstorms
[16].

Our goal is to evaluate by means of modeling the superimposed electric currents and fields at
high latitudes generated by the SW-magnetosphere-ionosphere interactions considered above, and
their relative role in AEC [17]. If such superimposed electric currents exist, they can form a very small
‘residual’ part of FAC due to their incomplete closure in the dynamo region. The closure of these
‘residual’ currents occurs mainly in the lower ionosphere, below 100 km, so that they will diminish
quickly with lowering of the altitude. That is why we estimate the superimposed electric currents and
related fields first in the lower ionosphere and mesosphere. For this goal, a 3D numerical model is
developed, based on the continuity equation for the electric current density. Computations are made in
the domain of altitudes 50-160 km at geomagnetic latitudes higher than 45° of one (north or south) of the
hemispheres. The sources of the currents and fields studied (the trans-polar potential difference Ve and
FAC at altitude 160 km) are taken in account as model boundary conditions.

Several facts support the idea that significant electric currents and fields can penetrate from
the ionosphere dynamo-region to downward: i) The horizontal scale of the region of FAC and trans-
polar potential is ~3000 km (or more during disturbed geomagnetic conditions) — tens of times larger
than the vertical dimension of the region of interest [4]; ii) The magnitude of the potential difference
V1p is comparable to the undisturbed ionospheric potential V,. Different experimental and theoretical
investigations support the possibility of penetration of ‘residual’ currents down to the Earth’s surface.
Experimental measurements [4,18] of the potential gradient and of air-earth current in Antarctica
demonstrate that they correlate with the geomagnetic activity, actually due to the penetration of SW-
controlled superimposed currents down to the ground. There are a series of theoretical investigations
[19,20], which show a presence of significant superimposed electric fields in the high-latitudinal middle
and lower atmosphere, and that these fields are re-oriented from horizontal in the middle atmosphere
to vertical ones at the Earth’s surface.

The estimations of the electric currents and fields superimposed to AEC, thus discussed, are
useful in considerations of AEC as a possible link for the transmission of the solar influences to
climate [21], and in revealing complex and incompletely understood system of links between: (a) AEC,
conductivity and aerosols, the cloud microphysics which govern TS and ESC characteristics, global
temperature, water content, climate, minor constituents [22,10] on one hand; (b) solar activity,
galactic, solar and anomalous cosmic rays and high energy particles, on the other hand [9,11,12,15].
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Simulation Model

A physically based numerical 3D steady-state model is proposed to determine the distributions
of the electric current j and related field E in the region 0-100 km created by the electric potential Vp at
altitude Zg=160 km at polar geomagnetic (gm) latitudes, and superimposed to the respective
characteristics of AEC. This altitude is above the dynamo-region in which an effective closure of FAC
is realized. The continuity equation for j is solved:

Q) Vij=0, where j=[c]E, E=-VO

In Eq.(1) @is the potential of E, &(z=160 km) = V+p, [c] represents the conductivity. Eq.(1) is solved in
spherical coordinates in a domain bounded by altitudes 0-160 km and gm co-latitudes 6 < 45°. The
distributions of FAC and V+p at altitude 160 km are determined for the specified SW parameters from
the model of Weimer [23], and Vp is used as a boundary condition to Eq.(1). Eq.(1) is solved
numerically in succeeding steps for separate thin (£ 0.5 km) height layers at 3D grid consisted of 3D
rectangular elements. A modification of finite volume method [24] is used by parameters controlled by
the ratio between the field-aligned and vertical j,, and the transverse and horizontal jp,y components of
the superimposed current j.

The modifications of the electric characteristics of AEC are evaluated as function of the SW
parameters. First, the distribution of the vertical superimposed electric current j, at altitudes below 100
km is studied by a representative set of variations of SW parameters and conditions of conductivity
formation, and is compared (in different atmospheric regions, and at the surface) to the fair-weather
current jrw provided by tropospheric electrical sources. The sensitivity of j, to variations of the key
parameters for the geomagnetic activity (IMF components B,, By, and of the solar wind velocity Vsw)
are estimated. Computational results for the electric current j, and field E, are obtained in the
mesosphere and lower ionosphere with respect of the specific conductivity status.

Input Data

Two types of input data are used in the model: D1) Data representing the response of the
ionosphere to the SW-magnetosphere-ionosphere interaction close above the dynamo-region (related
to FAC and superimposed electric potential at altitude of 160 km); D2) Conductivity in the model
domain 0 - 160 km at latitudes > 45°. The model of Weimer [23] is used to obtain the input data of type
D1 for specified steady-state parameters of the IMF and SW: By, B, IMF components, the density N
and velocity V, of the SW plasma, the tilt of the Earth’ axis related to SW plasma flow. Input data D1
are presented by the 2D distributions of FAC and of the electric potential Vp obtained from the
Weimer model. Physically adequate data can also be obtained with the use of the SuperDARN radar
network [25].

Input data of type D2 are the spatial distributions of ionospheric conductivity (in region 80-160
km), and of atmospheric conductivity (between 0 and 80 km) in the model domain. The ionospheric
conductivity is anisotropic and described by a tensor [o] characterized by three components: the field-
aligned oy, Pedersen op, and Hall o . conductivities. It also depends on the inclination angle of the
geomagnetic field lines. Here it is determined from equation r/sin?é@ = const where r is the distance

from the Earth’s center, and € is the geomagnetic (gm) co-latitude. The interactive lonospheric
Conductivity Model IRI2007 (http://swdcwww.kugi.kyoto-u.ac.jp/ionocond/sigcal/index.html) is used to

represent 3D distributions of oy, op, and oy for a specified date, with account of space weather
conditions. For polar latitudes data D2 require to take into account different factors with a significant
impact on conductivity [11] which add their contribution to formation of conductivity. In the atmospheric
region 0-70 km we use a fixed 3D conductivity distribution of the scalar conductivity for moderate solar
activity and undisturbed conditions obtained according to recent knowledge [3,13], and by the use of
models [8,26-28]. The representation used takes into account dependency of the conductivity profile
by diurnal distributions and latitude. Variations of this fixed conductivity distribution can take place due
to solar activity change (in stratosphere, by modulated GCR [8]), due to volcano eruptions (leading to
dramatic reduction of stratospheric conductivity in polar region [3,13]), and to pollution which takes
place close to surface [13].

Results and conclusions

Seven sample cases related to sets of different SW parameters are shown in Table 1. The
maximum (positive and negative) values of the electric potential Vip and FAC density are
demonstrated for each case. These values are obtained from the Weimer model [23]. Table 1
illustrates parameters characterizing the input data to our model in each case.

Computations of the superimposed electric current and field in the lower ionosphere 60 - 100
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Table 1. Maximum & minimum values at boundary z =160 km of the electric potential @ and respective field-
aligned currents j in sample cases, obtained from Weimer model [23]

Case B, Vg, Dpi AD j (Prmax j (Drmin),
N | BTl T kmst | Prao KV KV ]:Nmz) J pEA/mg
1 0 8 400 11.3 -10.5 21.8 0.29 -0.31
2 2 4 400 14.9 -14.5 29.4 0.42 -0.27
3 0 -0.5 300 17.8 -20.6 38.4 0.60 -0.30
4 2 -2 400 31.4 -37.6 69.0 0.63 -0.57
5 -5 -5 400 50.0 -58.0 108.0 0.78 -0.82
6 -7 -10 500 65.8 -73.9 139.7 0.90 -0.86
7 -8 -14 600 88.6 -97.0 185.6 0.94 -1.10

km are made by data for the ionospheric conductivity obtained from IRI2007 for 21 March 2005. Figs.
2 and 3 illustrate results, for the distributions of the field-aligned electric current and field, respectively
(below 70 km their vertical components are considered, instead) which are realized by solar wind
parameters B,= -4 nT, B,= -7 nT, V, = 400 km/s, N = 8 cm™ and by tilt angle of the Earth axis = 0°, in
the region of interest 60-100 km at four locations corresponding to different magnetic local time: 00:00,
06:00, 12:00, and 18:00. Fig.2 shows that the 'residual’ current from FAC in this region decrease
exponentially with altitude, but slower at lower heights (their scale-height becomes larger by small
altitude z) because of the decrease of the effectiveness of their closure. At the region considered
these currents are significantly larger than those generated in GEC by tropospheric sources.

Fig.3 shows the related field-aligned (vertical below 70 km) electric fields. These electric fields
increase at lower altitudes; they can reach tens of mV/m at the lower ionosphere boundary (65-70
km). This increase is a result of the fact that below a definite altitude the closure by transverse
currents becomes ineffective since the transverse resistance is larger than the resistance down to the
surface.

Fig.4 demonstrates the sensitivity of the vertical electric field E, studied by us to each of the
considered parameters B, (dashed curves 1), B, (solid curves 2) and V, (solid curves 3) at two
altitudes (80 km and 70 km). The largest relative variations of this electric current are produced by
component B, when B,< 0.

The DC aspects of AEC are considered here, and the relative role in it of the FAC and trans-
polar potential is estimated. The obtained results show that the SW-magnetosphere-ionosphere
interactions considered lead to generation of non-neglecting electric fields in the lower ionosphere at
high gm latitudes. These fields are controlled by the SW parameters and space weather, and possibly
can contribute to processes like electron heating in the mesosphere. The question arises whether in
some cases and under specific conditions the electric field superimposed in the mesosphere can be
large enough to explain strong V/m electric fields which have being systematically observed at high
latitudes [29] and which show correlation with the geomagnetic activity.
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Fig. 1. Vertical superimposed electric current j,
as function of the altitude 60-100 km by gm
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Abstract: The 5577 A and 6300 A emissions intensities have been studied during substorms
development. The emissions intensities in front of the polar edge of the auroral bulge, in the polar edge and inside
it have been compared and estimations about the nature of the particle precipitation spectra in these regions have
been made.

Data from two All-Sky Imagers: at Andenes (69.3°N, 16.03°E) and at Longyearbyen, Svalbard (78.20°N,
15.83°E), Norway from 2005-2006 observations have been used. The interplanetary conditions have been
determined by WIND satellite data. The substorm development has been followed up by the magnetic field
components data from the IMAGE magnetometer network. Different methods to determine the boundaries of the
polar edge of the substorm auroral bulge are examined. A simple threshold method is applied (in our case an
increase of the 5577 A emission intensity above its mean value by 1¢ - least square deviation). The boundaries of
the bulge polar edge were evaluated and analyzed by Chow test, as well. The obtained by both methods
boundaries coincide very well.

ABPOPAJNHUTE EMUCWUW 5577 A U 6300 A MO BPEME HA CYBBYPU

BeHeTa MNHeBa', Upuna Oecnupak’, Pond BepHep®

lMi-lcmumym 3a KoCMUuYecKu uscriedsaHusi U mexHornoauu — brrieapcka akademusi Ha Haykume
2I7onﬂpeH eeogpusudecku uHcmumym, PAH, Anamumu, MypmaHcka obnacm, 184200, Pycus
e-mail: v_guineva@yahoo.com

Knroyoesu dymu: aspopanHu emucuu,cy6bypu, aspoparHa UsmbKHaIocm, epaHuyu Ha rnossipHUs kpad
Ha aspopasiHama U3rimbKHaIocm.

A6cmpakm: M3criedsaHu ca uHmeHsusHocmume Ha emucuume 5577 A u 6300 A npu passumue Ha
cybbypu. CpasHeHU ca UHMeH3usHocmume Ha emucuume npedu monspHus kKpal Ha asepopasiHama
U3rbKHaIocm, 8 rnosisiPHUS Kpal Ha uslmMbKHasiocmma U 8bmpe 8 Hesl U e HarpaseHa rnpeueHKka Ha xapakmepa Ha
crekmbpa Ha uscurnsauwjume ce Yyacmuuyu 8 me3u obnacmu.

U3nonseaHu ca OaHHU om 0se all-sky kamepu: e AHOeHec, (69.3°N, 16.03°E) u JloHeuepbueH,
WinuybepeeH (78.20°N, 15.83°E), Hopseausi, om HabntodeHus npe3 2005-2006 e. MexdynnaHemHume ycrogusi
ce onpedenssim no 0aHHU om crnbmHuka WIND. Pasgsumuemo Ha cybbypume e npocrnedeHo rno daHHU 3a
KOMMOHEHmMuUMe Ha MagHUMmHOMmOo rone om Mpexama mazHumomempu IMAGE. PasenedaHu ca pa3nuyHu
memoOu 3a onpedenisiHe Ha epaHuyume Ha rosiipHUs Kpal Ha cybbypeeama aspoparnHa U3MmbKHamocm.
lNpurnoxeH e npocm mMemod ¢ u3non3eaHe Ha rpaa (8 criy4yas HapacmeaHe Ha UHMeH3usHocmma Ha emucusima
5577 A nad cpednama i cmoiiHocm ¢ 1o - cpedHo KeadpamuyHO OMKIOHeHUe). MpaHuyume Ha MonspHUS Kpal
Ha usmbKHaslocmma ca onpederneHu U aHanusupaHu 4Ype3 Chow mecm. [llonyyeHume no 0sama Memoda
epaHuyu cbenadam mMHo2o dobpe.

Introduction

Substorms are a particular phenomenon, related to a number of processes in the
magnetosphere and ionosphere, summarized by Akasofu [1]. It was established that the substorm
development goes on in the following way: the substorm expansion phase begins with the flash of one
arc, usually the most equatorial one between the existing discrete auroral arcs. After this the area
occupied by bright, short-lived arcs — the auroral bulge — is expanding in all directions, mainly toward
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the pole, to the West and to the East [2, 3]. At the time of maximal stage of substorm development the
auroral bulge reaches its greatest width and occupies a maximum area. Further, during the recovery
phase, the auroral bulge begins to shrink, its polar edge moves to the equator and, the South one — to
the pole, the bright discrete arcs degenerate into irregular strips and fade [4, 5].

The emissions 5577 A and 6300 A of the atomic oxygen are among the most prominent
auroral emissions. They result from forbidden Ol transitions. The oxygen green line 5577 A is emitted
by O(*S) atoms with radiative lifetime 1 s. The red line 6300 A is part from the doublet 6300/6364 A,
originating from the O(*D) state, only 2 eV above the ground state of O. The O('D) state is metastable,
with radiative lifetime about 100s. [6]. The auroral optical emissions are observed at altitudes above
100 km and generate from precipitating particles with energies <15 keV [7]. The intensity of the
separate optical emissions is related to the energy and flux of precipitating electrons in the
corresponding energy band. The 5577 A intensity depends on the average fluxes in 108-120 km
height range (2-7 keV energy range) [8], and the 6300 A intensity — to the average fluxes in the 180-
250 km height range (5.10'3 —5 eV energy range). The change of the ratio lgzg0a/lss774 iS an indicator of
the changes in the precipitating energy distribution. The intensity ratios can be used to estimate the
characteristic energy of the precipitating auroral particles and even to study the atmosphere
composition changes due to auroral precipitation [9].

Auroras observations have always played a fundamental role for the study of the solar wind-
magnetosphere-ionosphere interaction during substorms. The auroral emissions behaviour during
substorms is the result of a chain of subsequent phenomena connected to energy releases and
changes in the near-Earth magnetospheric tail regions. Therefore the study of the auroral arcs and
smaller structures gives information about the transfer of energy and momentum between these
regions [10]. To clarify the processes running during substorms, the examination of the emissions
behaviour in different regions, in particular at the polar edge of the auroral bulge and inside it. For that
reason the boundaries of these regions have to be defined. Such definitions are not suggested. It was
established that discrete auroral emissions occur at the poleward edge of the bulge [2] that
corresponds to higher energy particles and brighter emissions. But there are only a few works in which
energy particles in auroras at the polar edge and inside the auroral bulge are compared. For example,
such a work, in which the dynamics of the polar boundary of the auroral oval during substorm on the
basis of all-sky camera and spectrograph observations in Mirniy observatory was studied in the work
by Zverev and Starkov [11]. It was shown that more energetic particles are observed at the polar edge
of the luminosity band.

In this work we present studies to determine the boundaries of the polar edge of the auroral
bulge and we submit methods and criteria to specify them. In the work All-Sky Imagers data are
presented, revealing the substorm development as it was seen in the auroras displays. We consider
the variations of auroral emissions at the polar edge of the auroral bulge and inside the bulge.

Data used

For the study, data from 2 all-sky imagers (ASI) are used. The all-sky imagers are positioned
at Andgya Rocket Range (ARR), Andenes (AND) (69.3°N, 16.03°E) and in the Auroral Observatory,
Longyearbyen, Svalbard (LYR) (78.20°N, 15.83°E). Both devices are identical. The all-sky imagers
have 180° field of view. The used CCD cameras are monochromatic, 512x512 pixels, with 16-bit
intensity resolution and up to 10 s time resolution. The 5577 A and 6300 A emissions are recorded
automatically with 10 s time resolution. The raw images are accumulated at the Oslo University.

Data by IMAGE magnetometers network are used to verify substorm presence, substorm
onset time and further development. The timing of negative H-bays is an established substorm
indicator [3] and substantiates the identification and development of substorms.

Data from WIND satellite are used to monitor the interplanetary conditions.

We used the criteria for data selection listed in [14]. Measurements of the ASI at Andenes and
Longyearbyen from the 2005-2006 observational season were used for the study.

Data processing

A part of the AND raw images (512x512 pixels) is taken in such a way that they are centered
at the station and a field of view of +70° is obtained. Data interpolation is performed to obtain the
intensities in 467x467 equidistant points. Thus, a space angle resolution of 0.3° near zenith is
obtained. But the image pixels, calculated this way, are not situated at the same distance from each
other. In order to get a better notion of the real pixel locations, the images are projected on the
geographic map. The latitude/longitude set and the continental borders are plotted. An image section
is used to obtain a circle area corresponding to +70° field of view of the all-sky imager. In the purpose
to obtain better pictures, in which the emerging or passing features are well seen in a number of
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cases, using the same scale, In(I(counts)) is drawn in the images. The location of the station magnetic
zenith is marked by a black point (such processed images are presented in Fig.1).

LYR raw images are processed the same way. There a field of view of +75° is cut and a
resolution of 0.35° near zenith is obtained.

To follow the time development of the intensities, we have examined the intensities of both
lines in geomagnetic zenith of the station. The geographic and geomagnetic coordinates of the data
points have been computed for heights 120 km for the 5577 A emission and 250 km for the 6300 A
one. To construct the course of the emissions intensities and their ratio, we are using the data point of
each image, corresponding to the station geomagnetic zenith. The obtained series are interpolated in
order to obtain equidistant points, coinciding for 5577 A and 6300 A luminosity.

Unfortunately, the time dependence of the zenith intensity cannot give information about its
spatial configuration. For example, looking only the course plots, we can’t know if a feature, present
there, is an arc, and if so, whether this arc is moving over the station, or is generated there and fade
without moving. That is why we are examining both, the consecutive images and the corresponding
time dependences.

Methods of determining the boundaries of auroral zone structures

The simplest and widespread method to determine the boundaries of a structure in the
emissions intensity distribution is some threshold method. The place or the moment when the intensity
reaches this threshold represents the searched boundary, and the intensity values above the
threshold belong to the examined structure. This way the boundaries of one-dimensional as well as
two-dimensional distributions are determined. Different variants to determine the threshold exist.
Usually its value is higher than the mean intensity in the observed region. In the past, the sum of the
mean value plus a part of the maximal value, for example 10% of the maximal structure intensity was
used [12]. In consequence of the fast development of the computer technologies and the possibility of
fast fulfillment of a lot of computations as additional value to the mean one was assumed the standard
deviation o. At present the most common threshold is the mean value + 10 [e.g. 13, 14]. The standard
deviation is given by:

1)
where
-1
@) X==>X%,
N3

and n is the values number. So the threshold intensity value is:

(3) Ithreshold =X+0o

The boundary between two regions — “calm” glow and “structure” (which can be an arc or any
other structure) can be determined by Chow test [15] as well. Chow test is a statistical and
econometric test about that if the coefficients of two linear regressions of different data sets are equal.
In econometrics the Chow test is mostly used to analyse time series in order to determine structural
breaks or changes. Let us examine two groups of data, N; and N, in number, respectively. If S is the

n —
sum of the squared residuals from the combined data n=N;+N,: S = Z:(Xi — X)2 , S;and S, are the
i=1

N1 —
sums of the squared residuals from the first and second group, respectively: S; :Z(Xi —X)Z,
i=1

NZ p—
S, = Z(Xi —X)?, then the Chow test statistic is:
i=1

(S = (5, +3,)) I(k)
(S, +S,) (N, + N, — 2k)

(4)

This test statistic follows the F distribution with k parameters and (n-2k) degrees of freedom.
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Determination of the boundaries of the polar edge of the auroral bulge

The polar edge represents a dynamic band in the North part of the substorm bulge, as it was
noted by Zverev and Starkov [11]. This band comprises the arc flashed first during the substorm
beginning (usually the brightest one). The polar edge of the substorm bulge moves fast to the pole, its
form and dimensions, as well as the emissions intensities inside it changing meanwhile in time scales
of the order of seconds.

To determine the polar edge boundaries, the consecutive intensity distributions and the course
of the 5577 A emission in magnetic zenith have been used. In Fig.1 the development of a substorm
over Andenes on 3.11.2005 is shown. Chosen two-dimensional distributions of 5577 A emission
intensity are presented, projected on the geographic map. The universal time is written in the upper
part of every image. The geomagnetic zenith is marked by a black dot. In the upper row, the
development, the movement of the polar edge of the bulge to the station and its passage over the
zenith can be seen. In the bottom row, some arcs and other structures, generated or moving over
zenith or near it inside the auroral bulge are shown.

5577 A

5577 A

Fig.1. Chosen images of 5577 A distributions by Andenes ASI during the development of a substorm on 3
November 2005. The upper row shows the substorm appearance in the field of view, the movement of the
polar edge of the auroral bulge to the station geomagnetic zenith, and its overpassing. The bottom row
presents some arcs and other structures in the auroral bulge appeared in zenith or near it.

Fig. 2 shows a part of the course of 5577 A and 6300 A emissions intensities in zenith,
including the polar edge of the auroral bulge. The boundaries of the polar edge of the bulge are
determined by the described above simple threshold method by the green emission development. The
mean value was obtained for 2-3 hours measurements (700-1000 points), including the longest
possible time interval before the substorm onset and the time of the substorm itself. The calculated
threshold for this substorm is 8500 counts/sec. It is presented in Fig.2 by a dotted line. The polar edge
boundaries are obtained in 18:37:30 UT and in 18:39:50 UT. But by examining the consecutive
images it was found out that after its passage over zenith, the green arc of the polar edge broadened
strongly, and in 18:38:41 UT crumbled away into many finer structures, arcs and rays. The polar edge
of the bulge was already to the North, still in the field of view. A new arc fleshed there in 18:39:20 UT.
The intensity sharply decreased, but the whole field of view stayed illuminated and the intensity was
higher than the threshold. The red arc followed the same behaviour and broke down in 18:38:02 UT.
So, we took the polar edge boundaries in 18:37:30 UT and 18:38:02 UT.

To determine the boundaries of the polar edge of the auroral bulge by Chow test, the test is
applied for one parameter — the green emission 5577 A. Then

(5) F(1,n—2):(5—51—52)(n—2)
S, +5S,

For the F distribution we have
(6) F(1,20,0.95) = 254

Both examined regions differ by their structure, if the obtained values of F are greater than
254, and the precise boundary between the regions coincides with the F maximum. As an example,
we present the application of the Chow test for the substorm on 3.11.2005 observed above Andenes
in 18:37 UT. When choosing the interval containing two regions between which we will search a
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Fig. 2. Course of the 5577 A and 6300 A emissions intensities in the region of the polar edge of the auroral
bulge during the substorm on 3.11.2005 in the geomagnetic zenith of Andenes station. The computed
threshold is marked by a dotted line. The calculated values of the Chow test statistic to determine both
boundaries of the polar edge of the bulge are plotted in the graph, connected by different lines. The triangles
stand for the North boundary (Chowl) and the points — for the South one (Chow?2). The maxima of the
obtained dependences indicate the polar edge boundaries according to the Chow test.

boundary, several considerations have to be taken in mind: first, it is better to take an interval as long
as possible, but on the other hand, the interval must cover two different regions, and not for example
two regions, one of which include different structural elements.

For the determination of the North boundary of the polar edge of the auroral bulge the regions
are the comparatively undisturbed glow before the substorm and the polar edge itself. These two
regions are radically different and the boundary between them should be clearly outlined. For the
common interval we don't take the values from the beginning of the measurements in 16:00 UT
because some enhanced activity is observed about 17:20 UT, which could twist the result. Therefore
we take the measurements from 18:00 UT to 18:38:02 UT, the moment determined as polar edge
boundary by the used threshold method. The number of the data in this interval is n = 229, and the
degrees of freedom are 227. After the implemented calculations and comparisons a maximal value of
F = 909 at data number 921 which corresponds to 18:37:30 UT and 5577 A intensity of 31.8
counts/sec. The obtained Chow test statistics (F-values) are presented in Fig.2. by triangles. By the
threshold method the boundary is obtained at 8.5x10° counts/sec., which is just in 18:37:30 UT for the
North boundary of the polar edge of the substorm bulge. Then for the first time an intensity value
above the threshold is registered. The boundaries, obtained by both methods, completely coincide.

The determination of the South boundary of the polar edge of the auroral bulge involves the
study of an interval, including the polar edge of the bulge and the measurements inside the auroral
bulge. The determination of this boundary appears more complex because both regions don't differ so
much, inside the bulge there are arcs, although not so intensive as the polar edge. For our case we
examine the time interval from 18:37:30 UT, which is the defined by both methods North boundary of
the polar edge of the bulge, to 19:26:41 UT, as long as we assume that the station zenith is inside the
bulge. The number of the data in this interval is 287, and the degrees of freedom are 285. The Chow
test statistic study leads to s maximal value F=412 for data number 927, in 18:38:30 UT. The obtained
F values are presented in Fig.2 as points. By the threshold method this boundary is obtained in
18:39:50 UT, but after the described above examinations the South boundary position is accepted in
18:38:02 UT. The obtained by both methods boundaries are close to each other. It appears that in this
case the South boundary of the polar edge of the bulge is determined more accurately by Chow test,
whereas using the threshold method an error would be made if only the intensity course in zenith is
observed and the overall spatial development isn’t taken into account.

59



Conclusions

A definition of the polar edge as a dynamic band in the North part of the auroral bulge
comprising the brightest arc fleshed first during the substorm onset is assumed.

Criteria to define the boundaries of the polar edge of the auroral bulge by optical
measurements are submitted. Two methods are applied: a threshold method and Chow test method.
The boundaries determined by both methods coincide very well. The polar edge boundaries of the
auroral bulge can be determined by these methods when studies of the substorm bulge are carried
out.
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Pestome: MemeoponoasudyHama cmaHyus Vantage Pro2 Plus e npedHasHayeHa 3a HabrodeHue Ha
MemeoposiocuyHUMe napaMempu Ha amMocgepama Kamo memrepamypa, OMmHOCUMesiHa e6f1axHocm,
ammochepHO HarnszaHe, 8anexu, CKopocm U rnocoka Ha esambpa. C OOMb/IHUMENHU CeH30pu ce u3mMepsa
CiTbHYegama paduayusi u ynmpaeuonemoso usibygaHe. OcgeH OUPEKMHO u3MepsaHume MemeoposioeuyHU
napamempu Mmoz2am Oa ce u3yucrsgeam u u3criedeam u Opyeu Xxapakmepucmuku Ha ammocghepama U
cibHUemo. B Hacmosiwemo u3snoxeHue ca 0adeHuU HAKOMIKO makusa rpumepa. Ypes uHmeepupaHe Ha 0aHHUMe
3a cribHYesa paduauyusi Mo2am 0a ce rosyyam pesynmamu 3a clibH4Yesama eHepausi, KOSmo ce yceosiea 3a
onpedeneH nepuod om epeme om eduHuya naow, Ha 3eMHama rnoebPXHOCM.

APPLICATION WEATHER STATION Vantage Pro2 Plus FOR ATMOSPHERIC
RESEARCH IN THE SRTI DEPARTMENT STARA ZAGORA

Veselin Tashev!, Rolf Werner', Mariana Goranova®, Angel Manev', Bogdana Mendeva',
Dimitar Valev'

182pace Research and Technology Institute - Bulgarian Academy of Sciences
Technical University Sofia, Faculty of Computer Systems and Control
e-mail: veselilt@abv.bg

Keywords: Solar radiation, solar energy, measurement of meteorological parameters

Abstract: Weather Station Vantage Pro2 Plus is designed for monitoring of meteorological parameters:
temperature, relative humidity, barometric pressure, rainfall, wind speed and wind direction. With additional
sensors can to measure solar radiation and ultraviolet radiation. Furthermore, direct measurement of
meteorological parameters can be calculated and tested with other characteristics of the atmosphere and the sun.
In this exhibition are some such examples. By integrating data on solar radiation can produce results for solar
energy which is absorbed over a period of time per unit area of ground.

1. BbBegoeHue

MeTteoponormyHata ctaHuua Vantage Pro2 Plus e npegHasHadyeHa 3a HabniogeHue Ha
METEOpPONIorMYHMTE napameTpu - TemnepaTtypa, OTHOCUTENHAa BMAXHOCT, aTMOCHEPHO HansraHe,
BasnexXu, CKOpPoCT U NOCOKa Ha BATbpaA. C OONMbJITHUTENHN CEeH30pK Ce naMepBa CnbHYeBaTa paanauna
N yNTPaBMONMETOBOTO M3NbYBaHE, KaTo Ce OT4MTaT WMHTEH3MBHOCTTA Ha ClbHYeBaTa paavauus,
[o3aTa 1 Haekca Ha ynTpaBnofieToBOTO N3MbYBaHE.

MeTeocTaHuusATa ce CbCTOM OT 2 MoAyra — KoH3ona 1 6ok gatymum. Ta e nokasaHa Ha dur.
1. BnokbT ¢ gaunum e cBbp3aH C KoH3onaTa nocpefctsoM kabern. Tol 3axpaHBa gavnumTe ¢ TOK U
ocurypsiea TpaHcdepa Ha JaHHUTE.

61



dur. 1. MeTteopornornyHaTa ctaHuus Vantage Pro2 Plus

2. Kpatko onucaHue Ha ctaHumATa Vantage Pro2 Plus

MHorodpyHkumoHanHata meTteoponormdyHa ctaHums Vantage Pro2 Plus Ha dwupmata Davis
Instruments nputexaBa Bb3MOXHOCT 3a MPOrHo3aTa Ha BPEMETO, KaTo OT4YMTa KoopauHaTUTE Ha
MECTOMOMNOXEHNETO Ha CTaHuusiTa, FOOMLLHOTO Bpeme, TeKyliata CTOMHOCT Ha aTMocdepHOTO
HansraHe n HeroBuTe NPOMEHM, CKOPOCT M MOCOKa Ha BATbpa, TeMnepaTypa U BNaXXHOCT Ha Bb3ayXa,
KakTo M KONM4YecTBOTO Ha BanexuTe. Te3n napameTpy ce M3MepBaT 4pe3 CEeH30pWu, C KoUTo e
obopygBaHa MeTeoporiormyHaTta craHums. Becuuku ceH3opy ca nomMmecTteHn B eauH 6ok, KOeTo npasu
ycTaHOBKaTa v M3nonseaHeTo Ha Vantage Pro2 Plus mHoro npocto. Jaumuute 3a BATHP Ca B OTAENEH
Onok, cBbp3aH C OCHOBHMSA Onok 4ype3 kaben c AbmkMHA OT 15M, mocBonsiBal, Aa Ce MOHTMpa
CeH30pa Ha MSICTO € JOOpM yCnoBmMs 3a U3MepBaHus.

CneuyuguyHu xapakmepucmuku Ha Vantage Pro2 Plus:

— Tonam gucnnen c pasmepu (150 x 90 mm).

— CkaHupaHe Ha ceH3opuTe B MHTepBarn oT 2.5 cekyHaw.

— YHuKanHus anropuTbM 3a NPOrHO3a Ha BPeEMeTO.

— Ha ekpaHa ce nokassat rpacdukM Ha METEOPOSIOTMYHUTE NapameTpu (24 TOYKKU, Ha Pas3NUYHK
WHTEepBanu ot Bpeme).

— KomntoTbpeH nHTepdenc ¢ kanaumTeT 3a cbxpaHeHue Ha 2560 MeTeoposiormyHNTE 3anucK ¢
ykasaHu garta u yac.

— Ha mHorodyHKunoHanHusa gucnnen Ha cTtaHuusTa ce nokassaTt: ATMOCHEPHOTO Hansrave,
BbHWHaTa u cTariHa TemnepaTypa, BbHIWHATa M cTaiHa OTHOCUTENHA BRaXHOCT Ha Bb3ayxa,
CKopoCT 1 nocoka Ha BATbpa, Temnepatypa Ha TovkaTa Ha opocsiBaHe, KonuyecTtBoTo U
WHTEH3MBHOCTTA Ha BanexwuTte, [latata u yacbT, lNporHo3a 3a BpemeTo, Pasa Ha JlyHaTa,
Bpeme Ha nsrpes 1 3anes Ha CnbHLUETO, YcelaHaTta TemnepaTypaTa no BpeMe Ha BATHP.

— ABTOHOMHO 3axpaHBaHe oT 6aTepum — 3 MeceLa. ToBa ce OTHacs 3a criydauTe, Korato 6noka
C [aTyMumM ce 3axpaHBa OT CITbHYEB NnaHen.

3. MporpamMHo ocurypsisaHe

3.1 lHmepgbelic.

WHTepdencbt e ocdopmeH kato TepmuHan - c¢wur.2. Ha Hero morat OupekTHO ga ce
npocneasiBat BCUYKN TEKYLLO N3MEPBaHM METEOPOSIONMYHN NapaMeTpy, KaKTo 1 HAKOW U3YMCTISIEMN.

3.2 JleHmosu epachuku.

Ha ekpaHa morat fa ce nokaxar fieHTOBUTe rpadomku, Ha KOUTO ce NpocreasiBa USMEHEHNETO
Ha AMPEKTHO N3MepBaHMTE METEOPOSIOMMYHN NapameTpu 3a BCeKU eauH vac . Cnepa BCAKO cBansHe Ha
OaHHK, rpadknuTe aBTOMaATUYHO Ce akTyanuaumpar.

3.3 lNony4yasaHe Ha 6a3a 0aHHU 8 yughpos 8uo.

Bcuykn gaHHM 3a MEeTeoponurnMyHWTE napameTpu MoraT da ce eKcrnopTupaT BbB hann ¢
TekcToBu c¢popmar. ToBa cTaBa kaTO OT MEHIOTO, MOKa3aHO Ha ur. 2 ce OCbLLECTBM Bpb3KaTa
Reports>>Browse Rekords>>Export Rekords v cnep toBa n3bepem nepmoga, KOWTO HU MHTEPECYBA.

4. U3uncnaemm MeTeOopOJIOrM4HU NnapamMeTpu

MeTeoponoruyHata ctaHumsa Vantage Pro2 Plus nma Bb3MOXHOCT Aa NpefocTaBu Ha cBouTe
notpebutenn ocBeH cedeMTe ANPEKTHO W3MEPBaAHU METEOPOSIOrMYHM MNapaMeTpu U Olle Hag
TpugeceT N34mcnsaeMm MeTeoponormyHm napameTpu.
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dur. 2. MpadhmyeH TepMuHan Ha MeTeocTaHUusATa

Hsikou no-eaxkHU usyucrisseMu MemMeoposIo2UYHU nNapamempu ca:.

1. CpegHaTta 1 Har-BMCOKa CTOMHOCT Ha CKOPOCTTa Ha BATbpa 3a MHTepBana.

2. CkopocTTa Ha BATbpa Ce U3MepBa Ha BCsKa eHa MUHyTa U ce ocpeaHsBa.

3. bapomeTpuyHOTOHansraHe.
Korato BbBegeTe BalleTO MECTOMONOXEHWE U HagMopcka BUcoYmHa, Vantage Pro2 Plus
n3umcnsasa Heobxoaummsa koeuUMeEHT Ha npeobpasyBaHe M NpeBexaa aTtMocdepHOTO
HansraHe KbM KOpermpaHoTo 6apoMeTPMYHOTO HansiraHe Ha MOPCKOTO paBHULLE.

4. TpeHO Ha 6apOMETPUYHOTO HansraHe. Tasu TeHAEHUUSA MoKa3Ba NnocokaTa Ha NpoMsiHa
(NoO-BUCOKO, MO-HUCKO MU CTabunHo) Ha 6apoMeTpUYHOTO HansiraHe nNpes3 nocrnegHuTe
Tpu yaca.

5. Touka Ha opocsBaHe (Dew Point). ToykaTta Ha opocsiBaHe € BaXeH fnokasaTen u ce
13nona3ea 3a npegckasBaHe Ha obpasyBaHe Ha poca, cnaHa u mbria.

6. OueHka 3a cbabpXXaHMETo Ha Brnara B AbpeeTtarta (EML).

7. TonnuHeH wuHpekc. (Heat Index). TonnmuMHHMA WHOEKC M3MNon3Ba TemnepaTtypata U
OTHOCUTENHaTa BIaXXHOCT, 3a [ja OTYEeTEe KaK BCBLLHOCT ropeLmsa Bb3gyx ce "ycewa".

5. MNpunoxeHne Ha MeTeoponorMyHarta crtaHumsa Vantage Pro2 Plus 3a unscnepgBaHe Ha
atmocdepara

5.1 UscnedsaHe Ha crbHYesama paduauusi, Kossmo Moxe Oa ce aKymyrnupa 3a ornpedesieH
rnepuod om speme Ha 1 keadpameH Membp /oW,

CnbHyBaTa pagmauMs e OCHOBEeH knumartoobpasyBaly hakTop M rnaBeH W3TOYHUK Ha
TONNMHHA EHEPrnsi 3a MOYTU BCUYKM NPUPOLHM MPOLIECH pPa3BMBaLLM Ce BbPXY 3eMHaTa NOBbPXHOCT, B
aTtMmocdpepaTta u xmagpocdepaTta. Hanocneabk cnbHYeBaTa paguaums € oT CbLUECTBEHO 3HAYeHne n
3a poToconapHaTa eHepreTuka, npugobmeallia Bce No-ronsiMa akTyanHoCT Npes3 NOCNeaHUTe roanHM.

CnbH4yeBaTa pagvaumus e NibTHOCTTA Ha €HEeprunHMs NOTOK M3nbuBaH oT CHAbHUETO Ha
pascTosHMe eHa acTpoHOMUYecKa eanHua, T.e. Ha CpeaHOTO pascTtosiHue CnbHue - 3em4a. B cnyyas
NNbTHOCTTA Ce OTHacs 3a edvHuua nnow. Pagvauusta uma egvHuua 3a U3MepBaHe Ha eHeprust —
BaT cekyHam (Ws) 3a egnHuua BpeMe (S) Bbpxy nnow, (m2). Tasum eHeprusi ce Hapuya olle ClbHYeBa
KOHCTaHTa 1 NpeAcTaBnsaBa cpefHaTa pagvauus Ha ropHaTa rpaHvua Ha 3eMHaTa atmMocdepa unm ¢
Opyrv OyMM M3BBbH3EeMHa paguvauusa. B nutepatypaTta 3a Hes ca gafeHW pasnuyHU CTOMHOCTTMH,
mexay 1360 W/m2— 1370 W/m2 . Tyk ce nsnomncsa cTtomHocTTa ot 1366 W/m2 . (Hnp. Lean, 2000).
CnbHYyeBaTa KOHCTaAHTa He € [EWCTBUTENHO HEeMnpoMeHsilla Cce BenuuMHa, a Cce W3MEHsd B
3aBMCMMOCTTa OT CibHYEBaTa akTMBHOCT C okomno = 0.5 W/m2. CnbHYeBaTa eHeprusi, KosTo nonaga
BbpXY 3eMATa CbC ceveHue oT TR ce pasnpegens BbpXy uanata nnow Ha 3emsaTa oT 4 TR .
CnepoBartenHo, cpeaHo nocTbnealwaTta pagnaums Ha 3eMmHaTa NOBBbPXHOCT € S,=S/4~342 W/m?.

EpHa yacT oT nonagawaTta cnbHYeBaTa eHeprus BbpXy 3emHaTa atmocdepa ce pednektupa
AMpekTHo obpaTHO B kocMmoca, a gpyra yact ce abcopbupa B crtpatocdepata u Tponocdepara.
O6wo okono 19% Ha cnbHYeBaTa eHEpPrusi He JOCTUra OONTHUTE CIIOEBE Ha 3eMHaTa MOBbLPXHOCT
(Roedel, 1994) [4]. Konu4ecTBOTO €Heprus, KOETO ce MnofyvyaBa BbpPXYy XOPW3OHTanHa oL, 3a
ONpefeneHo BpeMe Ce Hapuya MHTEH3UBHOCT (MITbTHOCTTA Ha €HeprusaTa) UnM MHcomauus W
eavHMLATa 3a nsmepBaHe e Ws/m? 3a aa ce nsberHaT ronemuTe Y1cna u 3a no-ronsiMo yao6cTBo ce
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npenounTa eauHuuata Wh/m?  MHconmauusita He e edHa U Cblla 3a BCWYKM 4YacTu Ha 3ewmsdTa.

KonmyecTBOTO 1 3aBMCKM [MAaBHO OT HaKMoHa, Mof KOWTO nadaT CITbHYEBMUTE NbUM KbM 3eMHaTa
NMOBBLPXHOCT U OT obnavHocTa.

MpsikaTa crbHYeBa pagvauust S ce M3MepBa BbpXy MOBBLPXHOCT, MEpPrneHaVKynsipHa Ha
CITbHYEBUTE JTbYM, KOETO € OT TFOMIIMO MPaKTUYecKo npunoxeHue. TS 3aBUCKM OT BMCOYMHATA Ha

CnbHueTo Hag xopusoHta (N) © ce onpedensi OT M3BbH3EMHATa CMbHYEBA paavaums SC  BbPXY
nepneHauKynsipHa NoBbPXHOCT Ype3 popmynaTa:

—\2

_ a2
(1) S=5, % cos(y) m _1.000001018 (L&)

1+ecos(v)

cos(y) = cos(p) cos(o) cos(t) +sin(¢p)sin(o)

KbOETO:

S¢ - U3BbH3EMHA CITbHYEBa pagmauys (conapHa KoHCTaHTa)

R - cpepgHa pascrosHue CnbHue-3ems

R - pascTtosiHne CrnbHue-3ems

¥ -3enuteH bron (y=x/2-h)

@ - reorpadcka WMpuHa Ha Habnparten (CTaHumATa)
O - brbna Ha geknuHaumsita Ha CrnbHUETO

t - nokaneH yacoBusi bron

€ - eKUEeHTPUYHOCT Ha 3eMHaTa Op6VITa
V - UCTUHCKa aHOManusa Ha CnbHUETO.

Tasn 4acT Ha cribHYeBaTa pagmaums, KOATO naga BbpXY 3eMHaTa MOBBbPXHOCT OT BCUYKM
TOYKkM Ha HebecHus ceopf (6e3 crnbHYeBMSA ANCK M OT OKOMO CibHYEeBaTa 30Ha ¢ paauyc 5°) ce Hapuya
pascesHa cnbHYeBa pagvauma (D). PascesaHaTa cnbHYeBa pagvaums ce usMepBa  BbPXY
XOpM30OHTanHa noBbpxHOCT. OBWKMA NpuMxod Ha npska M pascesHa CrhbHYeBa pagmaumsi BbpXy
XOpU30OHTarHa NoBbPXHOCT ce Hapuya [mobanHa cnbH4YBa pagmaums (Q), kato:

2) Q=S+D
kbaeTo D e okono 1/6 o1 S.

Ha dwur. 3 e nokasaH eguH npumep, B KOMTO Ce CpaBHABa W3MepeHaTa pagunauusta B

CpaBHeHWe C M3BbH3eMHaTa paguaumda u 0.81 yacT OoT Hes 3a NbpBUTE AeceT AeHa OT Mecel, nun
2011 roguHa.

CnbHYeBa paguauma 3a e 4UH Yac

1500 N 13vepeHa chbHYeBa pagraumns

= == CAbHY. p-A Ha 32MH. MOBBLPXH. NPEMWHaBaLa Npe3yncTa atMocepa

M38bH3IEMHAE CTBHYE B3 PAAMALMA

1000

CabMeBsa paguaLy, W/im2

¥
'.
i
L
]
1
|I"
-

l 3 5 &
Auror KDnn2011r

dur. 3. MamepeHa cnbHYeBa paguaumsa Ha Bceku Yac 3a 10 aHu
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Tyk ce Bmxaa Aobpe nspaseHus 4acoBM X0 Ha pagvaumsTa ¢ MakcuMyMm okosno CribHYeBUs
3eHUT. B cneactere Ha NPOMEHSILLO Ce CbCTOsSIHME Ha aTMocdepaTta U Ha obnavyHocTTa u3MepeHuTe
CTOMHOCTM ca no-Masnku OoT TeopeTuyHata oueHka (0,81*S). A npu 6eszobnayHo Bpeme ce
npubnmkaeaTt g0 Te3n ctomHocTu. OTcnabBaHeTo Ha crbHYeBaTa paguaumst B aTmocdepaTta He e
€0HO M CbLLO 3a pasfMYHUTE YacTu Ha HEMHMS CMEKTbP, @ 3aBUCU CbLUO Taka OT CbabpXaHWe Ha
BnaraTa M oT obnavHocTTa. Hanpumep abGCOMTHO CYyXMSIT U YUCT Bb3AyX NpuTexaea Hal-ronsima
Npo3payHoOCT 3a WH(pavepBeHaTa pagvauus U Hal-manka 3a ynTpaBuoreToBata paguauus. Han-
ronsmMa e 3arybata Ha npsika paguauusi, NpUYMHEHa OT pasceriBaHeTOo W MOrnbliaHeTo W B
aTMmocdepara.

CnbHyeBaTa pagmauusi, KOATO € OCPedHeHa 3a eOHO [EHOHOLWMe Mpe3 Mecel tonu e
npeacraBeHa Ha dur. 4. MakcMManHuTe CTOMHOCTM Ha cpefHa cibHYeBaTa pagvauus ce nonyvasart
npes3 Mecel, tonn nopaan AbiKkMHaTa Ha AeHs U rofisiMa BucodnHa Ha CribHueTo. Mpes mecey tonu ce
Habniogaea 6aBHO HamansiBaHe Ha CrbHYeBaTa pagvauusi, HO TO3M TpeHd B M3MepBaHUTE
CTOMHOCTTM Ce NnoATUcCKa OT NpoMeHsiLaTa ce 0b6navHocT.

CpepHa AHeBHa cNbHUEBa paauauma 3a onu 2011

W3BbH3EMHa CTBHYEBA paanaumna

M CTbHY. p-AHA 3EMH. NOB. NP npesuncraa

W M3mepeHa cnbHUeBa paaMauma

|
|

I

3 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 22 29 30 31

Cnvyepapagmuaym W/m2

Axmot K0nKn2011r

our. 4. \amepeHa cnbHYeBa paguaumns Ha Bceku aeH oT M. Konu

Ce3oHHMst TpeHa, obayve crtaBa o4yeBMAEH Npu HabnogaBaHUTE CPegHO MeCeYHM CTOMHOCTU Ha
cnbHYeBaTa paguaums (Buwx. dur. 5).

CpepgHa meceuHa cnbHUEeBa pagualma
M38bH3EMHA CABHUEBE paguauuna

M CA'bHY. p-A HA 38MH. OB, NPEMMHABALLA Npe3uncTa atTmocdepa

600 M M3mepeHa cbHYesa PAANALMA

Cavuesa pagrayma W/im2

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

FopgrHa2011

dur. 5. M3amepeHa cnbHYeBa pagnaums 3a 7 nopegHu mecela
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PeanHuTe CTOMHOCTM Ha cnbHYeBaTa paguauus npes NeTHUTE U paHHUTE eCeHHU Meceun e
okono 50% OT TEOPETMYHO MaKkcMmanHatTa paguauusi, a 3a KbCHUTE €CeHHM M HabnwgaBaHuTe
3MMHM Meceum 3a 2011r, T e okono 30% OT TeOpeTUYHO MakcumanHata paguvauusa. Tasu
WHopMaLUMA MOXe [a MOCNYyXM KaTo BaXeH OpWEHTMP, 3a ga ce pasbepe npenBapuTenHo
OYakBaHaTa eHeprus ot oToBONTaNYHNTE Npeobpa3oBaTenu.

5.2 UscnedesaHe Ha arobanHus ynmpasuosnemos uHdekc UVI.

FmoGanHusaT cnbHYeB ynTpaBuoneToB uHAekc (UVI) onuMcBa HMBOTO Ha CribHYeBaTa
ynTpaBuoneToBa paguaumsi Ha 3emHaTa MoBbpxXHOCT. KakTo e M3BecTHO, 030HbLT abcopbupa
CNbHYeBaTa paavaunsi B yNTapBUONETOBUSA CreKTparneH AnanasoH. MNopaau Tasu npuynHa, WHAOekca
(UVI) 3aBu1CK kakTo OT 06r1ayHOCTTa, Taka U OT CbAbPXXaHMETO Ha 030H B CTpaTocdepa.

KonkoTo no-BMcoka € CTOMHOCTTa Ha TOo3u MHOEKC, TOoINKoBa Mno-rondmM e noteHunanbuT 3a
yBpexaaHe Ha KoXaTa U ouuTe Ha xopaTta. HMBoTo Ha pagmaums, a crnegoBaTenHO M CTOMHOCTTA Ha
WHOEKCa Bapupa npes Lenust AeH, KakTo e nokasaHo Ha dwr. 6.

UVi 08.07.2011 Stara Zagora

10 4

uwvi
o
»>
-

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Local time, h

dur. 6. NamepeHa cTonHocT Ha UVI 3a egHO geHoHowwme

N3cnepeaHeTo Ha UVI e BaxxHO CpeAcTBO 3a NOBULLIABAHE Ha obLiecTBeHaTa MHAOPMUPAHOCT
3a puckoBeTe OT MpekoMepHo m3naraHe Ha UV pagvauus, KakTo W ga npegynpexgasa xoparta 3a
Heobxo4MMOCTTa Aa ce npeanpuMemMar 3alnTHU MEPKU.

BnarogapHocTu:
lMpencraBeHunTe pesyntaTtu ca nonyyeHu Ypea npoekta Ha MOMH, gorosop Ne DO 02-
175/16.12.2008, peannsnpaHo CbBMECTHO ¢ TexHun4yeckn YHuepcuteT, Codus.
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LUMPOKOCTEKTBbPEH EJIEKTPOHEH CEH30OP C ®OTOANOA 3A
M3MEPBAHE HA CJ1ABU CBETJIMHHU NOTOLUN B ATMOC®EPATA

BecenuH TawesB, AHren MaHeB

WHecmumym 3a kocmuyecku uscrnedsaHusi U mexHosnoauu - bvnzapcka akademusi Ha Haykume
e-mail: veselinlt@abv.bg

Knrovoeu dymu: MzmepumeneH ¢oomoduod, criabu ceemiuHHU momouu

Pesrome: Knacuyeckume npubopu 3a usmepeaHe Ha C8EeMIIUHHU MOMoyU ¢ MHO20 HucKa ammniumyoda
ca ¢hoomo enekmpoHHUMe ymHoxumenu (®EY). OceeH OCHOBHOMO npeduMcmeo, Ye umam MHO20 20715M
KoepuyueHm Ha ycumneaHe u b6bp3odelicmeue, me umam u peduya Hedocmambyu. [locrnedHume
8UCOKOMeEXHOI02u4YHU pa3pabomku 8 obracmma Ha gpomoduodume au rpasu CUITHO KOHKYPeHmMHU Ha ®EY,
M10-OMHOWEHUE Ha BaXHU MEXHUYECKU xapakmepucmuku. Takbe e npubopbm S8785. Tol cwbibpxa
wiupokocrnekmbpeH pomoduod ¢ 8UCOKa Yy8CcmeUmesIHocm, Kolmo ce U3ron3sea Kamo CeH30p 3a MbpPeuYHO
npeobpa3ysaHe Ha ceemiiuHama 8 efleKMPUYEeH Cu2Hall Kakmo U fpeyuseH ornepayuoHeH ycuneamersi C
rnonesu mpaH3ucmopu Ha exoda 3a He2o8omo ycurneaHe. ®omoduodbm ¢ eonsimMa nnaow Ha rnpuemHuka, FET
onepayuoHHusi ycunsamen, TE-oxnadumen u pe3ucmopa 3a obpamHa spb3ka (10 GQ) ca uHmeepupaHu 8
eOuH nakem cbC carngupeHa nodroxka. T uMa MHO20 8UCOKO CbIIPOMUBIIEHUE U MOKOBeme Ha ymeyka ca
npakmuyecku Hynesu. TepmMucmopa CbUW0 € BKITIYEH 8 KOpIlyca 3a KOHMPO/ Ha memrnepamypama, maka 4ye
¢omoduoda moxe Oa ce oxnaxda 3a no-cmabunHa paboma. Ycmpolcmeama om cepusi S8785 ce
omsu4Yagam € HUCKO HUBO Ha WyM U ca ocobeHo nodxodsauwu 3a omkpusaHe Ha NOX.

WIDE-SPECTRUM ELECTRONIC SENSOR WITH FOTODIODE FOR MEASURING
A LOW LUMINOUS FLUXES IN THE ATMOSPHERE

Veselin Tashev, Angel Manev

Space Research and Technology Institute - Bulgarian Academy of Sciences
e-mail: veselinlt@abv.bg

Keywords: High sensitivity photodiodes, light flows with very low amplitude

Abstract: The classical devices for measuring light flows with very low amplitude are electronic photo
multiplier (FEU). Besides the main advantage that a very high gain, they have several disadvantages. Recent
developments in high-tech field of photodiodes makes them highly competitive in FEU, in terms of important
characteristics. This is the device S8785. It contains a thermoelectrically cooled high sensitivity Si photodiode
with wide spectral range and high precision FET operational amplifier. The photodiode developed for low-light-
level detection and used as a primary sensor for converting light into electric signals. A large area photodiode,
FET operational amplifier, TE-cooler and feedback resistor (10 GQ) are integrated into a single package with a
sapphire substrate, which has a very high resistance and leakage currents are practically zero. A thermistor is
also included in the same package for temperature control so that the photodiode and |-V conversion circuit can
be cooled for stable operation. Devices of the S8785 series features low noise and low NEP, and are
especially suitable for NOx detection.

1. BbBegeHue

3a n3mepBaHe M n3crneaBaHe Ha npsikata cnbHYeBa Lo paguvaums ce peanuampa npoekT
“MoTtok Ha abcontoTHaTa Lo pagmaumsa (ASLAF — Attenuation of the Solar Lyman Alpha Flux)” kato
yacT oT pakeTHusa ekcrnepumeHT HotPay | Ha PakeTHua MNonuron B AHpos, Hopeerus, no 6 PamkoBa
Mporpama. B pamkute Ha TO3M MPOEKT ce ocbllecTBM paspabotka B MKCU-BAH, ®unmnan Crapa
3aropa u pynata no AtmoccepHa dusmka Ha Punvana no MeTeoponorns Ha YHuBepcuteTa B
Crokxonm (MISU). Lenta Ha Taswn paspaboTtka 6e cb3gaBaHeTO Ha WU3MepBaTerneH ypen 3a
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cnbHyeBata Lo paguaums. Cnepn paspaboTkata Ha MbpBUS OETEKTOP, HayyHUTe W3cnefBaHus
npoabikuxa ¢ pa3paboTka Ha HOBM BapuaHTW, KOUTO CbObPXaT HOBU MbpBUYHM NMpeobpasoBaTenu
(ceH3opn) n HoBa enemMeHTHa 6asa. TakbB CEH30p € LMPOKOCNEKTbPHUAT doToanon S8785
NpOM3BOACTBO Ha mpmaTta Hamamatsu 3a namepBaHe Ha cnabu cBeTnMHHKM noToun. B momeHTa
TO3n Npubop e orpaHmnyeH do crnektbp 190 nm, a Lo emucudaAta e Ha 121 nm, HO BbNpeku ToBa
ocTaBalLus CnekTpanHusa AnanasoH e JOCTaTbyHO ronsiMm.

2. Npunbop 3a namepBaHe Ha MHOro cnabu CBETNIMHMU NOTOLM C LUNMPOK CNEKTbP

Knacuuyeckute npnbopun 3a namepBaHe Ha CBETIIMHHU MOTOLM C MHOIO HUCKa amnnuTyda ca goTo
enekTpoHHuTe ymHoxutenu (PEY). OcBeH OCHOBHOTO NpPeauMCTBO, Y€ UMaT MHOro ronsm
KoedhMUMEHT Ha ycunBaHe W Obp3ogencteve, Te wMmatT U peguua Hegoctatbuu. [lMocnegHute
BMCOKOTEXHOJIOTMYHN pa3paboTkm B obractta Ha goToguoanTe M MpaBuM CUITHO KOHKYPEHTHW Ha
OEY, NO-OTHOLLEHME Ha BaXHWM TEXHUYECKM XapakKTepUCTukn. TakbB e npubopbT S8785. Town
CbObpXa LUMPOKOCNEKTbPEH hoTOANOA C BUCOKA YyBCTBUTEMHOCT, KOMTO CE M3MOM3Ba KaTo CEH30p 3a
NbPBUYHO npeo6pa3yBaHe Ha CBeT/IMHaTa B eNieKTpu4eH CuUrHamn Kakto M npeuns3eH onepaunoHeH
ycuneaTen ¢ nonesn TPaH3UCTOPU Ha BXOA4a 3a HEroBoTo ycunsaHe. Cxemarta e nokasaHa Ha cwur. 1.

THERMISTOR .—————I——
1
1
& o1
1
@ o]
1
i
1
TE-COOLER | % . / /
SE785 TWO-STAGE | | PHOTODIODE / 2, : :':‘L';flT
S8785.01: ONE-STAGE ! ,7 // / W y @
| % 7 7.8
(PR AT N N O S N e |
o
GMD Vioe-
@ @
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1 NC BEE

KEPOCO0AAES
dur. 1. briokoBa cxema Ha hoToaMoaa 1 ycuneaTesn Ha eauH unn

OcBeH oToamon n ycuneaten npubopbT cbabpxka u pesuctop Rf = 10 GQ, TepmucTtop 3a
n3MepBaHe Ha TemnepartypaTa 1 efiekTPoHEH oxlagnTen 3a nogabpxaHe Ha Temnepartypa ot -25 °C.
Bcuyko ToBa € m3rpageHo BbpXy €4uH Yun CbC candupeHa noanoxka, KOATO € C MHOro ronsiMo
CbNPOTUBMEHME U 3a TOBA TOKOBETE Ha yTeuka ca NpakTU4eCKM paBHU Ha Hyna.

YnnbT S8785 nma cnegHnTe No-BaXkHM napameTpu:

- [onama akTuBHa nnow, BbB BMA Ha npo3opye ¢ paamepn 10 x 10 mm.
- CunuuueB cdoToamon, KOWTo € ONTUMM3MpaH 3a npeumnsHa hoToMeTpUs OT YNTPaBMONETOBUS

00 6nmn3kns MHdppavepBeH AnanasoH 1 No-To4Ho oT 200 go 1200 nm.

- KomnakTeH xepmeTunampaH Kopnyc cbeC candupeH nposopeL,.
- BrpageH npeumseH onepaunoHeH ycuneaTesn ¢ MHOMo rofsiMo BXOAHO CbNpoTuBrieHne u FET

TpaH3UCTOpPM Ha BXoaa.

- MHoro Bucoko ycunesaHe obesneyeHO OT BrpageHus BUCOKOOMeH pesuctop Rf = 10 GQ,

BKIMOYEH B obpaTHaTa Bpb3ka Ha onepaLMoHHUS ycuneaTen.

- Hucko HMBO Ha LwyMm.
- BucokoedekTMBHO oxnaxajaHe BrpaleHo Ha caMusi Ynn ¢ TeMmnepaTypHa pasnuka ot 50°C.
- BrpapgeH TepmucTop ¢ BUCOKa cTabUIHOCT.

Te3n napameTpu rapaHTmpar, Ye moraT ga 6bgaT uamepeHn NoToum CBETNMHA C MHOroO cnaba
WHTEH3MBHOCT, NoAOOHM Ha cnbHYeBaTa Lo paguaums, HO B AManasoHa C Mo-ronisiMa AbJDKUHA Ha
BbfiHaa. M3BecTHo e (1), Ye HeWHaTa WHTEH3WBHOCT , Najawa BbpXy FOPHaTa rpaHuua Ha
aTtmocdepata, € OKono 5*10° J*m? *s™, koeTo cbOTBETCTBA Ha MOTOK OT 3*10™° photons*m'z* s?t.
Mnowta Ha npo3opyeTo Ha npubopa e 1*10"m?, a edeKkTMBHOCTTa Ha npeobpasyBaHe cpeaHo
crtatmucTmnyeckn e okoro 50%. ToraBa MakCMMarnHusT TOK, KOMTO ce oYyakBa Aa Obae M3MEpEH, € :
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@) Imax = 3x10°[m2s7?]x10*[m?]x 0.5x1.602x10°[q] = 2.4 x10"*[ A]

To3u n3BbLHpegHo cnab Tok onpedens U U3NCKBaHMATa KbM Ha eNEKTPOHHUS ycuneaTen. KaTto
ce nma B Npeasua CbNPOTUBIIEHNETO B obpaTHaTa Bpb3ka Ha onepauuoHHus yeuneaten Rf = 10 GQ
N hakTa, Ye Ha BXo[a My He Ce KOHCyMupa HMKaKbB TOK, TO MaKCUMasiHOTO U3XOLHO HanpexeHue Le
€ OT nopsigbka Ha 20 sonTa.

©) V =1 xR =24x10"°[A]x10°[Q] = 24V

3a pa 6bae obave HaMCTMHA M3MEPEH NOTOKA Ha ciibHYeBaTa Lo pagnaunsa npmdopbT S8785
TpsibBa Oa e YyBCTBUTENEH KbM AuManasoHa 122 nm.

2.MpegHa3HayeHue n onucaHme Ha npubopa S8785

OCHOBHOTO NpeAHa3HayeHne Ha Npubopa e namMepBaHe Ha CBETIMHHM MOTOLM C MHOIO HWUCKa
amnnutyga. ToBa ce noctura bnarogapeHue Ha Bucokata My YyBCTBUTENHOCT, KoATo € -5.1 V/nW.

Heka pa HanmpaBMM eOHO CpaBHEHME MexAy 4YyBCTBUTENHOCTTa Ha W3MepBaHe C
POTOENEKTPOHEH YMHOXMUTEN U doTtoguon. B nybnukauuata “ Metoam 3a u3MepBaHe Ha
yNTPaBUONETOBM CBETIIMHHM MOTOLUM C MHOrO HUCHK MHTeH3uTeT “ (3), be mpecmeTHaTo, KakBO €
M3XOL4HOTO HanpeXeHue npu npegnonoxeHune, Ye Ha goTokatoga Ha PEY nonagHe eguH ¢oToH. B
pexum Ha 6poeHe Ha (POTOHU eguHUYHMA (POTOENEKTPOH, KOMTO ce emmuTupa OT hoTokaToga mma
3apsa g= 1.6*107-19 [C]. Ako ycurnBaHeTO Ha enekTPOHHUA (POoTOyMHOXMTen € 4 = 5*1076 , Torasa
aHoOHUA N3X04eH 3apsia ce AaBa OT:

Q=qxu=16x10"[C]x5x10° =8x107"[C]

AKO LUMpoYMHaTa Ha U3XOOHWSA MMMYNC Ha M3xoda Ha (POoTOoenekTpoHHMSA YMHOXuTen e t=10
Ns Toraea 3a NnvkKa Ha u3xogHus Tok IP ce nonyyasa:

_gxu  8x107°[C]
t  10x107°[s]

Ip 80[4A]

AKO TOBapHOTO CbNPOTMBIEHME UMK BXOAHWS UMMedaHc Z Ha npunexawms ycuneaTen e 50
Q , TO U3XOAHUSI UMMNYJIC MMA NMUKOBO HaMpeXeHue :

Vo = Ip[A] x Z[Q] = 80[ /A] x 50[€2] = 4[mv]

WmnyncHusa ycuneaten crieq usxoga Ha ®EY uma ycuneaxe ot 36 dB nnm 63 nbTw.

Vout =4[mV]x 63=252[mV]=0.252V

OT xapaKTepucTUkUTe Ha hoToanoaa BIKIAaMe, Y€ TOM uMa 9yBCTBUTETHOCT oT 5.1 V /

NW, BkniounTenHo BrpaaeHns onepaLmoHeH ycuneaTen u BrpageHns BUCOKOOMEH Pe3ncTop.
EHepruaTa, koaTo npeHaca eauH OTOH e :

_hc (6.626*10"-34J.5)*(2.998*10"8m/s)
p) 555nm

E =2.22eV

Nnn B OsKaynu rnonyvyaBame:
E=222x10"[J]=3.56x10"[J]

AKO MpeanonoXxmm TEOopeTUYHO, Ye BPEMETO Ha OEWCTBME HA (POTOHA € CbLIOTO KaKTO Ha
OEY, T.e. 10 nS, TO 3a MOLLHOCTTa Nony4yasame
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-19
p-E 35610 "D]_ 556, 104w = 0.03560nw]
t . 10x10°[s]

_ w51 V1 _
V =0.0356[nW] 5'1[nvv] =0.182]V]

Tean usumcneHns nokaseaT, yYe OOKONKOTO cTtomHocTuTe 0.252V 1 0.182V kopecnoHgupat
efHa C gpyra, TO MO OTHOLUEHWE Ha perucTpauusi U ycuneaHe Ha cnabute CBETSIMHHW CurHanu
cneumanmsmpaHuTe uameputenHu doToamoam BCe MoBeYe HacTuraT xapaktepuctukmte Ha OEY.
doTogmnogmTe obave paboTAT camMO B aHamnoroB pexmm K Bce Olle He moraT ga perucrpupat
CBETNUHHU NOTOLM B AanevyHns yrTpaBMoreToB AnanasoH.

doToamnopmTe ca npmbopwn, KOMTO NpeobpasyBaT AMPEKTHO NonagHanara CBETNIMHA B TEXHUS
p-n Npexoa B enekTpuyecka eHeprua nof popmara Ha enekTpuyecku Tok. MHoro e BaxkHo fa ce 3Hae,
ye reHepupaHuss TOK € MpaBoMNponopLMOHaneH Ha KOMMYecTBOTO CBeTNWHA nonagHana Ha
doTokaToaa.

leHepupaHusa OT doToamoda TOK MokalaH Ha dwr. 1, mMuMHaBa npe3 pesuctopa Rf
npeobpasyBa Ce B HamnpexeHue u ce ycunsa OT OnepauuoHHMSA ycuneaTen. ToOm € C MHOrO BMCOKO
BXOAHO CbMPOTUBIIEHWE, rapaHTUpPaHO OT MOSIEBUTE TPAH3UCTOPM Ha BXOAa, Taka Ye KoOHCyMauuaTa
Ha TOK MPaKTMYECKNM € paBHa Ha Hyna. B cammsa uun mMma BrpageH TepmooxnaguTesn, KOWTo
edekTndHO MoXe ga Hamanu Temnepartyparta ¢ 50 °C u 19 ga gocturHe go -25 °C lNpu Te3m HUCKK
TemnepaTtypu Ha oxnaxiaHe TOKbT Ha TbMHO CUMHO HamansBa. Hanuuneto Ha TepMUCTOP BbPXY
camus yun, AaBa Bb3MOXHOCT [a ce U3Mepu TemnepaTtypaTta Ha ¢otoamopa. Ako Mma pasnuka
Mexay Tekyllata Temnepatypa Ha oTtoauModa M 3ajajeHaTa, aBTOMaTMYHO Ce  BKMYBa
Tepmoperynartopa, KOWTO oOxfaxda 4vina Ao HeobxoauMmarta Temnepartypa. ToBa Ha npakTuka
O3HayaBa, 4Ye ako ce 3agage paboTHa Temnepatypa oT -25 °C T4 MOXe da ce noaabpxa
aBToMaTu4Ho o +25 °C Ha okonHaTa cpefa.

4. Mo-BaXXHX eneKTPUYECKU U ONTUYECKN XapaKTepPUCTUKKN Ha npuGopa

4.1 MakcumanHu xapaktepuctukun. Te ca nokasaHun B Tabnuua 1.

Tabn. 1. MakcumarnHu xapakTepucTukm Ha npubopa S8785.

MapameTbp CumBon CTOomHOCT 3abenexka
IMpunoxeHo HanpexeHue Vcc 20V

PaboTHa Temnepatypa Ha 4vna Toper -30° C +60° C

PaboTHa Temnepatypa Ha dpoToamoaa Td -30° C +60° C

MpunoxeHo HanpexeHue Ha oxnaguTens Vte +5V

Tok Ha oxnagutens Ite 1A

PascedHa MOLWHOCT Ha TepmMucTopa Pth 0.2 mW

4.2 TunnyHm xapaktepucTtukn. Te ca namepenn npm Vec=+15V, Rl = 1MQ ca nokasaHnu B Tabn. 2.

Tabn. 2 TunMyHM XxapakTepucTukn Ha npudopa S8785.

[MapameTbp CumBon Ycnosue CTOonHOCT EgnHuum
[MpunoxeHo HanpexxeHne Ha ycuneatensa | Vcc +500+15 V

Tok Ha oxnagutens Ite max 0.8 A
PascesiHa MOLLHOCT Ha TepMucTOopa Pth max 0.03 mw
ToBapHO CbNPOTMBEHME RI min 100 kQ
CnekTpaneH guanasoH A 190-1100 nm

MK Ha YyBCTBUTENHOCT Ap 960 nm
CobnpoTtuBneHve B obpaTHaTa Bpb3ka Rf 10 GQ
$OoTO YYBCTBUTENHOCT S A=Ap -5.1 V/inW
Llym Ha n3xoga Vn F=10Hz 25 pVrms/Hz
M3X04HO HanpexeHne Ha OTMeCTBaHe Vos Dark state +2 mV

70



YecToTa Ha cpesa fc -3dB 190 Hz
AMNNUTYada Ha U3XO4HOTO HanpexeHue Vo -13 \Y

Tok Ha KoHcymauma Icc Dark state 0.3 mA
CbnpoTuBNeHne Ha TepMmcTopa Rth 86 kQ

4.3 CneKkTpanHa xapakrtepucruka.
CnekTpanHaTta xapakTepucTuka Ha npubopa e nokasaHa Ha ¢ur. 2. T9 nokassa, 4e YyBCTBUTENHOCTTA
Ha cpoTtoamoaa e B guanasoHa ot 200 go 1200 nm.

dur. 2. CnekTpanHa xapakrepucTuka Ha npubopa

4.4 MexaHW4Ha KOHCTPYKUMS Ha Npubopa. MexaHW4HaTa KOHCTPYKUUS e nokasaHa Ha cur. 3

®ur. 3. BbHLeH nsrnea Ha npnbopute S8785

5. EnekTpuyecka cxeMa Ha ypeaa

Enektpnyeckata cxema Ha ypega e nokasaHa Ha cwur. 4. OcBeH npubopa S8785 Ton
CbabpiKa OLLEe HSAKOMKO ycunsaTens.

M3xogHus curHan oT npubopa ce ycunBa AOMbIHMTENHO OT MHBEPTUPALY, OrnepauuoHeH
ycuneaten WOY, nokasaH Ha dwmr. 4. To3nm ycunesaten TpsibBa ga O6bOoe C BMCOKO BXOOHO
CbNPOTUBIIEHNE, KOETO Ce siBSBa ToBap 3a nonesHust curHan. Cnopen TEXHUYECKUTE W3NCKBAHMWS
HeroBaTa CTOMHOCT TpsibBa ga e no-ronsMa ot 1 MQ.

TepmuctopbT Ter e BKIIOYEH B MOCTOBa CXeMa, KbAETO ce u3paboTBa curHan Ha rpelkaTa
Mexay 3ajajeHaTa M TekywaTta TemnepaTtypa. To3n curHan ce ycunsa oT andepeHumaneH
ycuneaten AOY u ce nogaBa KbM HuckovectoteH gpaveep HY. Mownnsa HY[l nogaBa goctaTbyHo
CWNeH ToK OoT nopsabka Ha 0.8[A] 3a ga paboTn Tepmo oxnagutens Term B peXxuM Ha oxnaxaaHe nnm
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3aTonnsiHe B 3aBMCKMMOCT OT OKOJSiHaTa TeMnepaTtypa U Hail-Beye oT TemnepaTtypaTta Ha uuna S8785.
Haii-4yecTo Tasu Temnepatypa ce noaabpika Ha CTOMHOCT -25° C, 3a ga ce Mosy4n MakCMMarHo Hucka
BESIMYMHa Ha Toka Ha TbMHO. lpy TE3M HUCKM CTOMHOCTTA Ha TemrepaTypaTta Toka Ha TbMHO € OT
nopsiabka Ha Hsikonko nukoamnepa. OT [1] BuAsixme, Ye MONe3HUss curHan e oT rnopsigbka Ha 10
HaHoammnepa, KOeTo OCUIypsiBa MHOTO JOGPO CbOTHOLLEHME MeXay CUrHamM 1 LUyM.

[ 1
L |

noy
A |
YA — 1 - ou
Ter Term o
+ [ :

|

i

| — —
L L
1 (0)%

T Ve

dur. 4. Enektpuyecka cxema Ha ypeaa

6. 3akntoyeHue

OT pasrnegaHuTe XapakTepucTUKM CTaBa SICHO, Ye CbBpeMeHHWUTe doToamnoan crieunannsnpaHm
3a M3MepBaTeNHN NPUIOXKEHUS Ca CUIHO KOHKYPEHTHU Ha (pOTOENEKTPOHHUTE YMHOXUTENN B peauua
obnactn. Te npuTexaBaT BMCOKa YYBCTBUTENHOCT, LUMPOKA CheKTpariHa XapakTepucTuka, MHOro
Jobpa IMHENHOCT, HUCBbK TOK Ha TbMHO, BWCOKA KBaHTOBA €(EKTMBHOCT, HeNpeTeHLUMO3HO
3axpaHBaHe M He Ha NOCneAHO MSICTO 34paB KOPMyC U YCTOMYMBOCT KbM MEXaHU4YHM HaTOBapBaHWs.
KbMm cnaboctute morat Aa ce NpUYUCIIAT NUMca Ha YyBCTBUTENTHOCT KbM AarievHus yriTpaBrosieToB
AVanasoH, CPaBHUTENTHO HMCKOTO Gbp30AencTBUe Ha U3MepuTeNHUTE (DOTOANOAMN, HEBB3MOXKHOCT Aa
paboTAT B pexuM ¢ BpoeHe Ha POTOHM, KaKTO U APYrY NO-ManoBaXHN XapakTepPUCTUKMA.

NurepaTypa:

1. Thrane, E.V,.L.Nyberg,B.Narheim. Measurements of the Extinction of Solar Hydrogen Lyman-a
in the Mesosphere, Internal Report E-230, Norvegian Defense Research Establishment (FFI), Norway,
1974

2. HAMAMAT S U “Measuring silicon photodiodes with preamplifier and TE-cooler” nuHk?

3. Tashev,V, A . Manev. “Metogn 3a namepsaHe Ha ynTpaBMONEeTOBMN CBETIIMHHU NOTOLM C MHOFO HNCBHK
WHTEH3uTeT “

72



S ES 2011
Seventh Scientific Conference with International Participation
SPACE, ECOLOGY, SAFETY
29 November — 1 December 2011, Sofia, Bulgaria

FrEHEPUPAHETO HA KOPOHA CJIEACTBUE OT
CAMO - CTPYKTYPUPAHE HA MATHUTHETU3UPAH OUCK

Kpacumupa AHkoBa

UHecmumym 3a kocMmuyvecku uscnedsaHusi U mexHonoeuu — bbrzapcka akademusi Ha Haykume
e-mail: f7@space.bas.bg

Knrovyoeu Aymu: akpeuyusi, OUCK,KOPOHa, Heycmoulvugocmu

A6cmpakm: Bb3 ocHosa Ha pe3ynmamume 3a caMo-CmpyKmypupaHe 8 zopeu) alseKkmuseH
aKkpeyuoHeH OUCK, 3aknroyasame, 4e moli passuea KopoHa. LLje duckymupame enusiHuemo Ha pasnpedeneHuemo
Ha sodewume napamempu (MIbMHOCM, ckopocm ...) 8 ducka, 3a nodopbxKama Ha HeycmolHugocmume 8b8
8pb3Ka C esoriroyusima Ha KopoHama. B masu cmamusi we aHanusupame rnpouyeca Ha adanmauusi Ha
ypasHeHusima Ha modesna 8 Hogume ycriosusl.

GENERATION OF CORONA IS CONSEQUENCE FROM
SELF - STRUCTURING OF THE MAGNETIZE DISC

Krasimira Yankova

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: f7@space.bas.bg

Keywords: Accretion, disk’s corona, instabilities

Abstract: Based on results for self-structuring in the hot advection accretion disk, we are concluding that
he develop corona. We discuss the impact of the distribution of leading parameters (density, velocity ...) in disk to
support for the instabilities in connection with evolution of the corona. In this paper we analyze the process of
adaptation of the model's equations in the new conditions.

BbBeneHue

AkpeunsiTa npeactaensgBa nagaHe Ha MaTepuss OT Mexays3BesgHata cpefa BbpXxy
rpaBuUTauMoOHEH UeHTbp. Ta edekTMBHO npeobpa3yBa MacaTta Ha BELIECTBOTO B EHeprus.
EdektnBHoctTa 1 Bapupa ot 10% npu cepudHa, ao 30% OT mMacata Ha NOKOW Ha MOrMbLLUAHOTO
BELLeCTBO Mpu AuckoBa akpeuus. Bsammogencrsmeto Ha Aucka C MarHUTHOTO Mofe nosulasa
JonbrHuUTENHO edekTMBHOCcTTa A0 50%. MexaHuambT € npennoxeH 3a OOsiCHEHWE Ha BUCOKO-
€HepreTMYHOTO MNOBEedEHWEe Ha rofsiM MPOLEHT KocMmuyeckn obektu. B Tax ce pasBumBaT pegumua
HeyCTOMYMBOCTU U CTPYKTYPU, KOUTO ynpasnssaT pasnpenerieHneTo Ha eHepruaTa n Hammpar u3pas B
OrpPOMHMS OpON HecTauMoHapHU SBMEHUSA, KOMTO ce HabniogaBaT NPUOPUTETHO BbB BUCOKMTE
eHepruu.

Mpn akpeuns Ha 3Be3ga C AUMOMHO MarHUTHO norne ce opopMAT TPU OCHOBHU TEYEHUS: OUCK,
KOpoHa 1 pxeTose [1].

B3aumopencTteneTo Ha noneTo ¢ nnasmaTta cb3gasa NpeanocTaBku 3a rnosieata Ha KopoHaTa.
lMpu3Hak 3a HaNMMYMEeTO Ha KOpOHa e nepuoamMyHaTa CMsiHa Ha TBbPA U MEK PeHTreH B crnekTbpa Ha
TakuBa MU3TOYHUUW. [10-CTyOeHUAT ANCK AaBa MeK, YeCTO NbTU YepHOTENeH PEHTrEHOB KOHTUHYYM, a
ropeLlara KOpoHa — TBbp[ CTENEHEH EMUCUOHEH PEHTIEHOB CnekTbp [11].
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Pe3ynmamu

TbN KaToO akpeuusiTa € KavyeCTBEHO M KONMUYECTBEHO € Mo eekTMBHa Mpu Hanmyve Ha
MarHuTHO Mnose - Bb3HMKBAT MO GbP30 M ce pasBMBaT NoO pa3HoobpaseH Habop HeycTonumBocTu. B
nopeguua oOT CTaTUM HUe KOHCTpympaxme wu passuxme MHD wmogen Ha HecTaumoHapeH,
HecuMeTpudeH, egHoTemMnepaTypeH KennepoB akpeLmMoHeH OUCK C aaBEKUUSA Npy HOPManHo AUMNOMHO
MarHMTHO nofe Ha ueHTpanHus obekT. PedyntaTtute OT NpeanoXeHuss Mogen 3a u3cnegBaHe Ha
B3aMMOENCTBMETO Ha MOMeTo M nnasmaTta B [MCKa MokaseBaT, Ye Tam Ce 3apaxga M pasBuBa
chepuryHa nbynCTa KOpoHa:

® Bne eepmukanHama cmpykmypa Ha Oucka npocsiedsieame pa3eumuemo Ha ycsoeuemo 3a
cmpamudpukayusi v.lS Ivsl u noeedeHuemo Ha eekmopHOMO nmnojsie Ha CKopocmma Ha
meyeHuemo (v.,V;) [3]. Ha 6azama Ha KOMMJIEKCHOMO UM pa3a2/1exdaHe nosly4yaeaMe OUeHKa 3a

@bHWHUSIM paduyc Ha KOpOHama o Oucka.

® B paduanHama cmpykmypa ckopocmma Ha 3eyka Oaea UHOUKayuu 3a ¢hopmMupaHemo Ha
npsCcMeHU ¢ nosuweHa MNiIbmHocm. B nokanHusi modes1 3a makoea d)opmupoeaHue e noJjliy4eHo

JsioKkasiHomo 3azpsieaHe [5].

Hazpasanemo

K(x) =

OXAAANCOAHEMO

Om Hez20 cbuUjo MoXe Oa ce Hanpaeu He3asucuMa oyeHKa 3a 8 bHWHUSAM paduyc Ha KOpoHama no Aucka.
#® Cnbnocmaekama e [6] Ha koeghuyueHmume Ha cpewa om 25106a1HUsI Modes1 ¢ 8 bjTHO8UMeE Yuca
e JIoKasIHuUsi Modes1 daea HesaeUCUMO romepbxdeHue Ha udessma 3a 3apaxdaHe Ha KOpoHama

[3].

ba3a 3a CcpasHeHue

® B mepmuHume Ha mo3u modes bewe Mosy4yeH 8bHWHUSI paduyc Ha KopoHama Ha oucka 8
cucmemama Cyg X-1, kolimo no cmolUHocmma Ha oyeHkama rpu cbernadeHue Ha obekma
cbomeemcemeaa Ha pesyrimamume 3a cghepuyHa KOpoHa.

® OvakeaHusm pe3ynmam npu cbafacygaHe Ha HabmodeHus, YUCeHU pesynmamu U
cumynauuu eapupa om 15-250Ry [8] 3a cehepuyHa kopoHa u 0o 320-640Ry 3a HecghepudHa
[9]. Hawume pe3ynmamu npuHadnexam KbM Mbpeusim UHmMepsar.

® JJo6pe e 0a ce ombenexu, Ye 8 Mo3u cry4vall, Hue pa3sanexdame, OUCK U KopoHa, 6e3 obua
eHepeemuka.

® 3a 0a cwuem e pesynmamume 8 usnocmeH MoOesl Ha cucmemama we usron3game
u3xoOHUMeEe cmolHOCMU Ha rnepumMempume o ro8bpxHoCMmMa Ha OuCKa 3a HadasiHu
cmoliHocmu Ha repumempume 8 pe3ynmam-ume pasnpedesieHusi 3a KopoHama.

OceeH TOBa MI1 Ha obekTa Moxe Aa Obae COOCTBEHO LIEHTPANHO UMM BBHLUHO (ranakTUyHO;
OT JoHOpa). AKO COBCTBEHOTO LIEHTPArHO Nnosie e pasnofioKeHo BEPTUKAIHO Ha paBHMHATa Ha AMCKa,
TO MOMEHTa B AMCKa HapacTBa HaBbTpe KbM LEHTbpa. T03u edekT MoXe Aa ce KoOMMeHcupa OT
MOLLHM [KeTOBe, KOMTO [a oTBexaaT MoMeHT [7]. Ho npegm ga gocturHe ueHTpanHata yHus
npepasnpegenswmnsat ce MOMEHT JaBa CBOETO OTpaXeHWe BbpPXy MPeCcTPyKTypuMpaHeTo Ha Aucka B
KayecTBOTO My Ha OTBOpeHa cucTtema. YCcKopeHaTta poTtauus ocBobOXOaBa 3aBULLEHW KONMYeCTBa
€eHeprus 1 Taka cb3asa yCrnoBWs 3a aABeKUMs, MOObPXanku oTpuuaTeneH rpagneHTa Ha eHTponusTa
B aucka. Edekta ce noacunea OT 4acTMYHO 3aabpxaHe (3abaBsHe) Ha akpeuudTa BcrneacTeue
TakoBa pasnpefeneHne Ha brnoBus MOMEHT. AOBeKumMsiTa crnomara 3a MnnaBHOTO MNPeBpbLUaHe Ha
HEeyCTOMYMBOCTUTE B CTPYKTYypu. KopoHaTa e MakpoCTpykTypa, KOSITO ocurypsisa HeoOXO4MMOTO
OXNnaxgaHe BbB BbTPELIHUTE PErMOHU Ha AWUCKa, KbAeTO MOTOKbT HaW TPyaHO M3nbyBa. Tam
a[BEKUUSATA HarHeTsiBa CbXpaHeHaTa TOMIMHA OT BbHLUHUTE 30HMU.

NocTaHOBKa Ha 3agavaTta

OTHOBO ce ©OasvMpame Ha OCHOBHUTE ypaBHeHUA Ha dnymgHata MXO (1). 3a ga ce
KOHCTpyMpa MOAern Ha KopoHaTa € HeobxoaMMo Aa ce nocTtaBu No obwata 3agaya, Tpsbea ga ce
ajanTupa cuctemarta Ha OMcka KbM HOBUTE YCIOBUS.

OunckbT YecTo ce anpokcumupa Ao Kennepos. Te4eHMETO B HEFO € HAaCOYeHO KbM LieHTbpa U
e IoKanusupaHo B paBHMHATa Ha ekBaTopa. MaTtepusita Moxe [da € ONTUYECKM NAbTHA U
npeobnagasa rasoBoTo UNM NbuMcTO HansdraHe [10]. PaBHoBecueTo ce nogbpxa OT poTauusTa.

KopoHata [2] mMoxe ga uma obpaTHO TeyeHue, OMTUYECKM Npo3payHa € U MMa MarHUTHO
HandraHe.
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CnaboTo BbpTeHe He MOXe Aa cTabunuanpa HeyCTOMYMBOCTUTE M OrpaHUYeHUsTa BbpPXy
MarHUTHUST BUCKO3EH KoedUUMEHT oTnaaar [4]:
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paBHMHa n I'IpVIJJ,O6VIBa Buaa:
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Tasn cuctema cnepn nogxogsuio 06espasmepﬂBaHe Be4de MoXe Oa ce noanoXxun Ha 4YncneHo
TpeTupaHe.

OuakBaHu pe3yntatm

PaspaboteH e Mogen 3a wuscnefBaHe MarHMTO-XxugpoauHamukata Ha afBeKTUBEH
akpeumoHeH amck. OvakBa ce fa ce M3rpaau aJekBaTHO AOMbIHEHWE - MOLEN 3a eBosouMsTa Ha

KOpoHaTa KoMTO fa TpeTupa U MexaHM3MUTE Ha aBTO-CTPYKTypMpaHe B cucTeMara AMCK-KOpoHa.

Oa ce n3y4yaBa reHepmpaHeTo Ha KOpOHaTa, KaTo Ce pa3Kkpue BITMAHUETO, KOEeTO OKa3BaTt
pasnpenerieHneTo Ha eHTponuAaTa U pasBUTUETO Ha agBeKUNA BbpPXy eHepreTtukata (MHLI,VIBI/ILI,yaJ'IHa

3a KOMIMOHEHTUTEe nnn 06|.|.|,a) Ha cuctemMarta AUCK-KOpPOoHa.

[a ce npocnean n nacrieaBa 3apaxgaHeTo Ha HeyCTOVI‘JMBOCTM B ANCKOBaTa KOpOHa.
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The Vedic view of India (spanning a long period that goes back to at least 2000 BCE) classifies
knowledge in two categories: the higher or unified and the lower or dual. Higher knowledge concerns
the perceiving subject (consciousness), whereas the lower knowledge concerns objects. Higher
knowledge can be arrived at indirectly through intuition and contemplation on the paradoxes of the
outer world. Lower knowledge is analytical and it represents standard science with its many branches.
There is a complementarity between the higher and the lower, each being necessary to define the
other. This complementarity mirrors the one between mind and matter.

"Science is a continuous process of ‘truthing’ without ever claiming that you have the ‘whole truth.
Lay people often misinterpret the language used by scientists. And for that reason, they sometimes
draw the wrong conclusions as to what the scientific terms mean. Three such terms that are often
used interchangeably are "scientific law," "hypothesis," and "theory." In layman’s terms, if something is
said to be “just a theory,” it usually means that it is a mere guess, or is unproved. It might even lack
credibility. But in scientific terms, a theory implies that something has been proven and is generally
accepted as being true. Here is what each of these terms means to a scientist: Scientific Law: This is
a statement of fact meant to describe, in concise terms, an action or set of actions. It is generally
accepted to be true and universal, and can sometimes be expressed in terms of a single mathematical
equation. Scientific laws are similar to mathematical postulates. They don't really need any complex
external proofs, but are accepted at face value based upon the fact that they have always been
observed to be true. Specifically, scientific laws must be simple, true, universal, and absolute. They
represent the cornerstone of scientific discovery, because if a law ever did not apply, then all science
based upon that law would collapse. Hypothesis: This is an educated guess based upon observation.
It is a rational explanation of a single event or phenomenon based upon what is observed, but which
has not been proved. Most hypotheses can be supported or refuted by experimentation or continued
observation. Theory: A theory is what one or more hypotheses become once they have been verified
and accepted to be true. A theory is an explanation of a set of related observations or events based
upon proven hypotheses and verified multiple times by detached groups of researchers.
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Unfortunately, even some scientists often use the term "theory" in a more colloquial sense, when they
really mean to say "hypothesis." That makes its true meaning in science even more confusing to the
general public. In general, both a scientific theory and a scientific law are accepted to be true by the
scientific community as a whole. Both are used to make predictions of events. Both are used to
advance technology. In fact, some laws can also be theories when taken more generally. The basic
law is intact, but the theory expands it to include various and complex situations involving space and
time. The biggest difference between a law and a theory is that a theory is much more complex and
dynamic. A law describes a single action, whereas a theory explains an entire group of related
phenomena. And, whereas a law is a postulate that forms the foundation of the scientific method, a
theory is the end result of that same process.

Some scientific theories are well documented and proved beyond reasonable doubt. Yet scientists
continue to tinker with the component hypotheses of each theory in an attempt to make them more
elegant and concise, or to make them more all-encompassing. Theories can be tweaked, but they are
seldom, if ever, entirely replaced. A theory is developed only through the scientific method, meaning it
is the final result of a series of rigorous processes. Note that theories do not become laws. Scientific
laws must exist prior to the start of using the scientific method because, as stated earlier, laws are the
foundation for all science.

Here is an oversimplified example of the development of a scientific theory:

Start with an observation that evokes a question. Why?

Using logic and previous knowledge, state a possible ansser, called a Hypothesis.
Perform an expierment or Test.

Then publish your findings in a peer-reviewed journal. Publication

Other scientists read about your experiment and try to duplicate it. Verification

In time, and if experiments continue to support your hypothesis, it becomes a Theory

~oo0oTp

Useful Prediction Note, however, that although the prediction is useful, the theory does not absolutely
prove that the next result will be the same. Thus it is said to be falsifiable. Real scientific theories must
be falsifiable. They must be capable of being modified based on new evidence.

The general meaning of the anthropic principle is that what we observe must be compatible with our
existence or, more generally, with the existence of advanced life. Humans can occupy only a universe
like ours, and this explains in a sense why the universe is as it is. Today the anthropic principle is
often seen as a selection principle operating in the context of the multiverse.

There are two opposing scientific views on the origin of life. Adherents to "panspermia” hold to the
position that life is everywhere throughout the cosmos and that life on Earth came from other planets.
Some believe the universe may be infinite and eternal, and that life may have no origins, and is an
intrinsic feature of the living, infinite universe. Adherents of panspermia tend to view consciousness as
an integral feature of the cosmos; as a collective consciousness, which may come to be fragmented
and individualized within the brain. Therefore, be it panspermia or abiogenesis, human consciousness
can be viewed as an offshoot of the evolution of the human brain. Consciousness can evolve.
Quantum physics revealed an inevitable interaction between observer and observed in the microcosm.
Thus, human consciousness entered the realm of physics. Physicists began to consider the role of
humans in the appraisal of the physical world. John Wheeler said "We are not only observers. We are
participators." Whereas the early quantum physicists spoke in broad terms about a conscious
observer and an insentient objective reality, later ones began to propose theories to explain how this
comes about, by appealing to specific quantum phenomena and to neuroscience. David Bohm was
one of the first to suggest that consciousness is intrinsic to matter at a deeper level (implicate order) of
which mind and matter are different manifestations (explicate order). Roger Penrose argued that that
the human brain is capable of discovering truths which cannot be derived through logic alone. His
thesis was that “the brain’s organization would have to be geared to take advantage of non-
computable action in physical laws, whereas ordinary materials would not be so organized. With
Stuart Hameroff, he proposed a theory of consciousness involving microtubules which are important
elements of the cytoskeleton. In this theory, consciousness arises when the microtubules induce
collapses of quantum coherence. Henry Stapp regards consciousness as resulting from the fact that
the brain determines itself in a way that defies external representation. Every neural excitation is a
quantum code, and consciousness arises when one of the codes is selected. In the view of Amit
Goswami there are ‘archetypes of mental objects” in the mind which are subject to the laws of
quantum physics. He formulates a series of equivalences between position and momentum in physics
on the one hand and content and association in the world of thought. Freeman Dyson published
calculations to the effect that consciousness may not be subject to entropy increase and energy
conservation, and could therefore exist ad infinitum in the universe.
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Some mental phenomena are not explainable in the framework of what we call "classical" mechanics.
Let us cite, among others, the phenomenon of awareness, the correlations at a distance between
individuals, and more generally the synchronicity phenomena.

Synchronicity phenomena are characterized by a significant coincidence which appears between a
(subjective) mental state and an event occurring in the (objective) external world. The notion was
introduced by the Swiss psychoanalyst Carl Gustav Jung and further studied together with Wolfgang
Pauli. Jung referred to this phenomenon as "acausal parallelism" which are linked by an "acausal
connecting principle." Synchronicity effects show no causal link between the two events that are
correlated. We can distinguish two types of synchronicity phenomena. The first one is characterized
by a significant coincidence between the psyche of two individuals. The significant coincidence
appears as a correlation between the psyche of the two subjects, suggesting some type of psychic
communication. The second type of synchronicity phenomena, which is closer to what was advocated
by C.G. Jung, happens when the significant coincidence occurs between a mental state and a
physical state. In this case the physical state is symbolically correlated to the mental state by a
common meaning. They appear not necessarily simultaneously but in a short interval of time such that
the coincidence appears exceptional. Jung referred to these events as "meaningful coincidences."
Synchronistic events between mind and matter seem difficult to explain in terms of correlations
between conscious or unconscious minds. For Jung, synchronistic events are remnants of a holistic
reality - the unus mundus which is based on the concept of a unified reality, a singularity of "One
World" from which everything has its origin, and from which all things emerge and eventually return.
The unus mundus, or "One World" is related to Plato's concept of the "World of Ideas," and has its
parallels in quantum physics. Thus, the unus mundus underlies both mind and matter. As already
stressed, in a synchronicity effect, there is no causal link between correlated events localized in space
and time. Synchronicity effects are global phenomena in space and time. They cannot be explained by
classical physics. However, in the case of a significant coincidence appearing between the psyche of
two individuals one can see an analogy with quantum entanglement.

Synchronicity phenomena, especially those involving a correlation at a distance between several
individuals, lead to postulate non-localized unconscious mental states in space and time. Although
different regions of the brain subserve specific functions, mental states are not exclusively localized in
the human brain. They are correlated to physical states of the brain (possibly via quantum
entanglement) but they are not reducible to them. The correlations at a distance between individuals
(synchronicity phenomena of type |) could be explained with quantum entanglement, and synchronicity
phenomena of type Il - with the classical illusion of the collapse of the wave-function. Since the
analogy between synchronistic events and quantum entanglement is investigated, mental states
(conscious and unconscious) are treated as quantum states, i.e. as vectors of a Hilbert space,
moreover- as vectors of a Hilbert space of information. Quantum mechanics rests upon two
fundamental properties. First it is based on the superposition principle (superposition of vector states
of an Hilbert space). Second it is based on a fundamental phenomenon called quantum entanglement.
The quantum system describing the two particle system is a global system, a non-local one. Moreover,
in such a system, the particles are heavily correlated, but this property is not determined beforehand,
i.e. before measurement. Quantum entanglement and the property of "nonseparability" are properties
that are fundamentally quantum, that do not exist in "classical physics". Let us notice that the
existence of synchronicity phenomena prevents the mental states to be reducible to physical states of
the brain. The mental states are correlated to such states, probably via quantum entanglement, but
they are not reducible to those states. Quantum physics is a non-local and non-realistic theory. The
projection of our subjectivity in the environment in which we live (synchronicity phenomena of type II),
in agreement with quantum mechanics, refutes the local hypothesis ("each individual is in his parcel of
space-time") as well as the realistic hypothesis ("the object has a reality well defined independent of
the subject who observes it"). Some outcomes of another quantum effect, the Bose- Einstein
condensation, in which each particle looses its individuality in favour of a collective, global behaviour,
can have important consequences in mental phenomena, for example for awareness (for the
emergence of consciousness).

Over the course of the past 75 years there has been a gradual accumulation of empirical evidence in
support of a direct connection between mentally expressed intention and physical manifestation. Much
of this research has been done using random event generators (REGs) in laboratory settings. Even
when overall effects of intention are not found or are small in size, there are meaningful secondary
characteristics in the database revealing the apparent agency of the participant. Large scale effects
have been noted under a variety of conditions.

The most obvious access point within quantum theory for the effects of intention on physical
manifestation would be given by the Kochen-Specker theorem, which addresses the consequences of
assuming that physical variables have definite values prior to their selection for measurement. Indeed,
one way of understanding the theorem is to say that either physical variables have no values before
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the observables to be measured are selected, or that contextuality exists. Contextuality refers to the
idea that the values measured for observables would differ depending upon which other observables
were also being measured. Quantum theory itself does not appear to determine the selection of
observables, so that there is room for human intention to act in choosing which of them is to be
measured. In another strategy it has been supposed that intention affects stochastic processes,
thereby, in effect, removing actual randomness. In collapse-type quantum-mind theories, the
supposition is made that whatever collapses the state vector during measurement in formal
experiments in subatomic physics must carry over to the activity of individual people experiencing the
reality that they do. The idea is that it is unreasonable to suppose that quantum events can distinguish
between the irreversible acts of amplification associated with formal experimentation and everyday
observation and that, hence, they must occur informally for everyone. That means that whatever
process collapses the state vector, including any decoherence mechanisms, must be extracted from
the notion of observation in the context of subatomic experimentation and applied to the situation of
everyday life. And whatever that process is, it cannot just occur once in a while, but must be ongoing.
The watched pot never boils theorem states that a quantum system cannot change if it is being
continuously observed, so that these volitional acts of observation must be closely-spaced, iterated,
discrete ones. If, by the Kochen-Specker theorem, observables cannot have fixed values before they
are selected for observation, and acts of observation are discrete, then is there anything physically
present at all between observations? On a positivist interpretation, the answer is no.

One of the characteristics of transcendent experiences is their noetic quality. And, while we can, of
course, question the validity of knowledge stemming from altered states of consciousness,
nonetheless it can be fruitful to examine some of the contentions arrived at therein when a whole
world seems to be coming fresh-minted into existence moment by moment. The idea is that perhaps
the universe flickers, such that the implicate order remains, but its explication as the experiential
stream and physical manifestation is constantly being constructed and deconstructed. With regard to
the latter, it is not just that the substance of physical manifestation appears and disappears but, given
the Einstein equation, so do space and time, as we ordinarily conceptualize them. From the point of
view of physical manifestation in spacetime, the flicker rate could be once per Planck time. We can
conceptualize a spacetime lattice (with Planck length spacelike separation and Planck time timelike
separation) which, in effect, disappears between explications of the implicate order.

Our thoughts are rather continuous. because our experience flickers along with physical manifestation,
what appears to be a continuous stream is actually more like a chain whose individual loops become
blurred as they occur for us as intentional mental acts.

From a conventional point of view, the usual problem is to understand how the mind can affect a
physically closed material system made up of continuously existent matter. Now the inverse problem
presents itself, namely, if physical manifestation flickers on and off, what provides for any continuity at
all between its iterations? The answer might lie in the notion of morphic fields, patterns that are not
themselves physical, but that physical manifestation follows (Sheldrake). There is some empirical
evidence for the existence of such fields. The idea is that the morphic fields are present at the level of
the prephysical substrate from whence they shape physical spacetime manifestation. And they can be
not only selected, but also created, by volition acting at the level of deep consciousness. Hence, while
in the nonmanifest state, a selection of a different morphic field can be made, resulting
instantaneously in a different physical outcome through the activity represented by the creation and
annihilation operators.

There are, of course, many unanswered questions. One is the relation of the flicker rate to changeable
rates of observational acts and the consequent timing of intention. Intention, at the level of deep
consciousness, persists across iterations of the universe, but that changes in intention could be
registered within a single Planck time between instances of manifestation. However, intention
expressed within the experiential stream of subjective consciousness could require longer time
periods to synchronize with deep consciousness. But this just raises the problem of the relationship of
subjective consciousness to deep consciousness and the degree to which it can function
autonomously from deep consciousness. Subjective consciousness does not exist on its own, but that
its functioning could be largely synchronized with the same "automatic" mechanisms that support
morphic fields and only sometimes coincide with creative volitional acts that manipulate the automatic
processes. It is also possible that this scheme is too simple and that the mechanisms that maintain the
"laws" and patterns of physical manifestation do not stem from the same domain as intentional acts. In
particular, creative volitional acts could stem from a deeper level of reality than the automatic
processes that sustain morphic fields.

Some hypothesize that all objects in our Universe retain evidence of each event that has occurred to
them, recorded chiefly in their particle spin nhumbers and polarities. They further propose that this
information is stored in a holographic form- that is, numerical values referring to the frequency,
magnitude, phase, and orientation of the fringes of the wave-interference pattern which is formed
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when a coherent wave encounters the object and is partly absorbed, reflected and deflected by the
object. Being holographic it is located partly everywhere in the Universe as standing waves. The
potentially countably infinite capacity of our Universe to store such "quantum holograms”, by turning
our attention to the celestial objects often called "black holes". Because of the relativistically-
continuous contraction and continuous acquisition of more mass, they can serve as "Nature's hard-
drives", holding copies of the quantum holograms generated by each new moment of human
experience, as well as by each new event which occurs to non-living objects. The "event history" can
be accessed by an appropriately-tuned "phase conjugate adaptive resonance" established by
outgoing coherent waves produced by the human mind when it "attends to" or "focuses its attention
towards" a particular object. Quantum mechanics' original equations included terms which described
such phase-modulated wave-conveyed information. But because those terms could increase towards
infinity, quantum scientists eventually discarded them, agreeing to arbitrarily subtract infinity from
infinity and to call that subtraction 're-normalization' of the equations. Although re-normalization does
not cause major inaccuracies in QM equations for total energy, it does eliminate attention to the
phase-variation of waves which would account for their enormous information carrying capability. Paul
Dirac critiqued renormalization with these words: "Neglecting infinities ... in an arbitrary way is just not
sensible mathematics. Sensible mathematics involves neglecting a quantity when it is small --- not
neglecting it just because it is infinitely great and you do not want it."

Leonhard Euler's e™ + 1 = 0 unites the five fundamental constants of mathematics. "...it is absolutely
paradoxical, we cannot understand it, and we don't know what it means. But we have proved it, and
therefore we know it is the truth..." Benjamin Peirce.

Large cardinals have been studied by logicians for a century, but their intangibility means they have
seldom featured in mainstream mathematics as in the case with the assumption for the the existence
of a type of large cardinal known as an inaccessible cardinal, technically overstepping the bounds of
conventional arithmetic. In the 1920s, David Hilbert laid down a grand challenge to his fellow
mathematicians: to produce a framework for studying arithmetic, meaning the natural numbers
together with addition, subtraction, multiplication and division, with Giuseppe Peano's axioms as its
backbone. Such a framework, Hilbert said, should be consistent, so it should never produce a
contradiction such as 2 + 2 = 3. And it should be complete, meaning that every true statement about
numbers should be provable within the framework. Kurt Godel's first incompleteness theorem,
published in 1931, killed that aspiration dead by encoding in arithmetical terms the statement "this
statement is unprovable". If the statement could be proved using arithmetical rules, then the statement
itself is untrue, so the underlying framework is inconsistent. If it could not be proved, the statement is
undeniably true, but that means the framework is incomplete. In a further blow, Gddel showed that
even mere consistency is too much to ask for. His second incompleteness theorem says that no
consistent framework for arithmetic can ever be proved consistent under its own rules. The coup de
grace was delivered a few years later, when Alan Turing and Alonzo Church independently proved
that another of Hilbert's demands, that of "computability”, could not be fulfilled: it turns out to be
impossible to devise a general computational procedure that can determine whether any statement in
number theory is true or false. Godel's triumph has arrived: the final proof that if there is a universal
grammar of numbers in which all facets of their behaviour can be expressed, it lies beyond our ken.
What does this mean for mathematics, and for fields such as physics that rely on the exactitude of
mathematics? In the case of physics, probably not much. According to Freeman Dyson
“...mathematics and physics are both open systems with many uncertainties, and | do not see the
uncertainties as being the same for both." The clocks won't stop or apples cease to fall just because
there are questions we cannot answer about numbers.

The most severe implications are philosophical. The result means that the rules we use to manipulate
numbers cannot be assumed to represent the pure and perfect truth. Rather, they are something more
akin to a scientific theory, our best approximation to reality, well supported by experimental data, but
at the same time manifestly incomplete and subject to continuous and possibly radical reappraisal as
fresh information comes in. The problems highlighted start when they consider infinite collections of
objects and realise they need ever more grotesque infinite quantities to patch the resulting logical
holes. Is the concept of infinity itself wrong?. "Infinite mathematics is meaningless because it is
abstract nonsense" said Doron Zeilberger. But can we dismiss infinity that easily? Many
mathematicians believe not, but we now know that even by accepting even the lowliest, most
manageable form of infinity- that embodied by the "countable" set of natural numbers- we usher in a
legion of undecidable statements, which in turn can only be tamed by introducing the true giants of the
infinite world, the large cardinals. The debate will rage on. The two possible conclusions are equally
unpalatable. We can deny the existence of infinity, a quantity that pervades modern mathematics, or
we must resign ourselves to the idea that there are certain things about numbers we are destined
never to know.
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The title opens up both conceptual and empirical problems which in part have to do with language,
and perhaps the limitations of the human mind. A usual approach to the behaviour of highly a complex
(hierarchic) system starts with modelling it as isolated and symmetric to time reversal. Any emergence
of the "arrow" of time is ascribed to making the system open to their surrounding. And all kinds of
classical models for open systems are based on the assumption that this coupling is weak. If the
coupling becomes stronger and stronger we run into serious trouble due to the requirement of the
continuity of both time and space dimensions.

With regard to cosmology we live at a very privileged time. Previously, when we learned about bold
revolutionary paradigm changes, in which our fundamental ideas about nature underwent radical
revisions, the drama had already taken place in the distant past. Today, however, we have the rare
opportunity of witnessing at first hand a profound transformation in our basic understanding of how
nature is structured. This ongoing change of cosmological paradigms from a "small" finite cosmos to
an infinite fractal cosmos began about three decades ago and is in full swing at present. The new
general paradigm that cosmologists and natural philosophers have arrived at by several different
routes is an infinite fractal hierarchy that has "universes" within "universes" without end. Parts of the
Universe may be created or annihilated, or may undergo expansion or contraction, but overall the
infinite fractal hierarchy remains eternal and unchanged as a whole, and therefore it is without
temporal limits. There is no limit to size scales. In the infinite fractal paradigm there is no class of
largest objects that would cap off the cosmological hierarchy; the hierarchy is infinite in scale. This fact
removes one of the more suspect aspects of the old paradigm. When humans do appear to be at the
center of things, we should strongly suspect that some form of bias is leading us astray.

We humans taxonomize because our brains like to organize and categorize things. We perceive
cause-and-effect relationships because they are products of our evolution and are critical to our
survival. But if we step outside of that human bias for a moment and try and observe nature from
nature's point of view, we see that these taxonomies and evolutionary processes are more our
creation than nature's.

Although different universes, or multiverses, may each have their own distinct physical parameters,
constants and even dynamics, nevertheless they must obey some form of the Second Law of
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Thermodynamics, otherwise such thought experiments are to be discounted, and any physical system
that violates SLT is to be interpreted is not real, or at least that not all the variables are known.
Memory and entropy are deeply related aspects of each other, in much the same way that various
forms of energy are related and can be converted into one form or the other without loss. Any system
converting entropy into memory, or memory into entropy, which also involves choice, thus contributes
to running the system, we characterizes as having intelligence or consciousness. If such a system is
the universe itself, or multiverses, we say cosmic consciousness is involved in the operation of the
cosmology.

How is it that the math that so wonderfully exactly describes the world we can see allows infinities? Is
our universe just one among an ensemble of many? Just an infinitesimal part of an elaborate
structure, which consists of numerous universes, possibly an infinite number of universes, sometimes
referred to as multiverses? With so many possible types of multiverses to choose from, which one can
we legitimately select to develop a cosmology that parallels the thought experiment of James Clerk
Maxwell and his intelligent demon? We must rely on various observations to guide us, and when those
are not available, to be guided by sound reason.

Physics is the art of approximations, a device we have to describe the world we measure. Sometimes,
however, we get carried away, and ascribe reality to what are, in essence, thinking tools. This may
sound heretic, but it seems that the universe is one of these thinking tools. Physics gets really weird
as soon as we go beyond Newtonian physics, a priori weird, it is what we observe. The universe is
stranger than we imagine, it may even be stranger than we can imagine.

“Science advances funeral by funeral” said Max Planck. The scientific endeavour usually takes place
in the form of research programs rather than in respect of single hypotheses or theories. And
refutations are not a straightforward sign of empirical progress, and this is because research programs
grow in a permanent ocean of anomalies- data are theory-dependent, they might simply be false or
interpreted wrongly. Theories are often ahead of data and should not been thrown away too quickly.
Testability, a sophisticated falsificationism, referring to a struggle between theories and data
interpretation is important, but not necessarily at least at the initial stages of theory building. It is
reasonable to keep the theory for a while, especially its "hard core” (at least if there is no alternative or
an experimentum crucis is very rarely accomplished). Instead of killing the theory, the "protective belt"
of auxiliary hypotheses should be modified first. Of course this effort to save the core could lead to
immunization strategies which would in the end expel the theory from science. Furthermore,
falsification is often difficult to achieve because core commitments of scientific theories are rarely
directly testable and predictive without further assumptions. Therefore, ad hoc hypotheses to save a
hard core could led to program degenerations especially if they are problem shifts not pointing to
other fruitful areas.

"Why is there something rather than nothing?" asked Leibniz. Cosmology provides a lot of examples
for the complex interplays between competing theories, data acquisition and interpretation,
immunization, and even paradigm changes. The most prominent were geocentrism versus
heliocentrism, metagalaxy versus island universe, and steady state versus big bang. Universe versus
multiverse seems to be the next challenge in this direction.

In contemporary science, besides for the discussed aspects of cosmology that are common to
available observations, there are some relevant features including among others: evolution of systems
at multiple levels; hierarchies of complexity, from quantum to cosmos; networks of relationships at
multiple levels; importance of both reduction (exclusive focus on efficient cause) and emergence with
both bottom-up (efficient causality) and top-down causation provide examples of emergent processes;
dualities without dualism arising from modern physics [e.g., both continuity and quantization; both
symmetry and asymmetry, both particles and fields; fine-tuning of physical systems; ultimate
limitations of physical cosmology. These common features are characteristics of some firmly
established components of modern science (quantum theory, nonlinear dynamics, etc.) and appeal to
less established theories in physical cosmology is generally not needed. Science is constituted by
methodology and not by any particular content or results. For metaphysics and philosophical
cosmology, the focus can remain on consistency and coherence, albeit with ultimate grounding in
experience with a concern for applicability. However, in physical cosmology and science more broadly,
linkages to observation and experiment are essential.

Although complexities have arisen with all efforts to distinguish proper scientific propositions from non-
scientific propositions, some helpful concepts have been developed, principally falsification
(hypotheses should be falsifiable in principle) and Ockham’s razor (keep hypotheses as simple as
possible). It is often assumed that scientific methodology is fully characterized by the hypothetical-
deductive framework. In cases where very large datasets are available, some scientific problems may
be more clearly resolved by deployment of the observational-inductive approach rather than by the
theory-oriented hypothetical-deductive approaches that are currently prominent in physical cosmology.
Frontline physics is not as unique and reliable as the multiply tested physics of every-day life. The
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further the frontline advances towards unreachably large, or unresolvably small separations, or
timescales, the more plausible assumptions have to replace redundant experience, and hasty
interpretations can lead astray.

Though the demarcation criteria for science have sometimes been criticized and are somewhat fuzzy
indeed, it is usually rationality that rules. But this is of course the main source of the controversies.
How can we know, if for a successful research program in cosmology there are only some popularly
established criteriaan corresponding answers as: many applications? -no; novel predictions?- perhaps
yes, partly; new technologies?- definitely not (yet); answering unsolved questions?- yes; consistency?-
hopefully; elegance?- depends on taste; simplicity?- often yes; explanatory power/depth?- certainly
yes; unification of distinct phenomena?- yes indeed; truth?- nobody knows.

Why is that which is, the way it is? These question is among the most fundamental (meta)physical
mysteries currently debated in cosmology. The multiverse hypothesis represents, at least in part, an
attempt to answer them. The central tenant of the multiverse hypothesis (henceforth called M) is that
our universe is just one among an ensemble, an infinitesimal part of an elaborate structure which
consists of numerous universes, possibly an infinite number of universes. Thus M has been
conceptualized and described by a variety of terms including "many worlds", "parallel worlds", "parallel
universes", "alternative universes", "alternative realities”, "alternative dimensions", "quantum
universes", and so on. Some of these "universes" could have a physics or chemistry completely unlike
our own, and this has led to additional questions, such as: is our universe fine tuned for life, and if so,
why? No approach can possibly provide an exhaustive or ultimate answer to these questions, and
neither does M seek to do that. But if empirically confirmed in some way, or rigorously derived
theoretically, M would be one of the most radical and far-reaching insights in the history of science. M
could well be a derivative of the ultimate explanans. Possibly, precisely because of these exciting
prospects, M is controversial and under attack not just from sceptical scientists, but theologians and
critical philosophers of science. This is not surprising and, indeed, it is to be appreciated because
extraordinary claims which have the potential to overturn and usher in a new world scientific order,
require extraordinary evidence. And considerable evidence remains to be discovered.

The term "universe" (or "world"), as it is used today, has many different meanings such as:

(1) Everything (physically) in existence, ever, anywhere, in totality. According to this defintion there are
no other universes.

(2) The observable region of the cosmos that we can observe and which we inhabit plus everything
that has interacted or will ever interact with this region.

(3) Any gigantic system of causally interacting things that is wholly (or to a very large extent, or for a
long time) isolated from others; sometimes such a locally causally connected collection is called a
multi-domain universe, consisting of the ensemble of all sub-regions of a larger connected spacetime,
the "universe as a whole", and this is opposed to the multiverse in a stronger sense, i.e. the set of
genuinely disconnected universes, which are not causally related at all.

(4) Any system that might well have become gigantic, etc., even if it does in fact recollapse while it is
still very small.

(5) Other branches of the wavefunction (if it never collapses) in unitary quantum physics, i.e. different
histories of the universe or different classical worlds which are in superposition.

(6) Completely disconnected systems consisting of universes in one of the former meanings, which do
or do not share the same boundary conditions, constants, parameters, vacuum states, effective low-
energy laws, or even fundamental laws, e.g. different physically realized mathematical structures
Therefore, "multiverse" (or "world" as a whole) can be used to refer to everything in existence (at least
from a physical point of view), while the term "universe" can refer to one of several universes (worlds)
within the multiverse. In principle, these universes mostly conceived in the meaning of (2), (3), or (4)
might or might not be spatially, temporally, dimensionally, causally, nomologically and/or
mathematically separated from each other. Thus, sharp boundaries do not necessarily exist between
them. One might call the whole set of different universes the multiverse.

In an infinite fractal hierarchy there is no center of the Universe whatsoever, nor is there any preferred
reference frame or scale. Why are fractal hierarchies so ubiquitous in nature? By studying empirical
phenomena within the observable universe, how much will we be able to learn scientifically about the
parts of the Universe that lie beyond our observational limits? But it could be true that there are even
different sets of totally spatiotemporally and strictly causally separated multiverses, e.g. different
bunches of chaotically inflating multiverses. In that case it remains useful to have a term with a still
broader meaning, namely ‘omniverse’ or ‘cosmos’. Thus, omniverse or cosmos could be taken as the
all-embracing term for everything in existence which might or might not be the set of different
multiverses, while the multiverse refers to and consists of different universes which are not separated
in every respect. Although most believe that multiverse classifications should be abstract enough to
include all possible cosmological scenarios, there is no general agreement as to exactly what that
should be. For example, it has been suggested that the multiverse should be categorized with regard

86



to separation/distinction of the different universes. Even if all dimensionless constants of nature could
be reduced to only one, a pure number in a theory of everything, its value would still be arbitrary, i.e.
unexplained. No doubt, such a universal reduction would be an enormous success. However, the
basic questions would remain: Why this constant? Why this value? If infinitely many values were
possible, then even the multitude of possibilities would stay unrestricted. If there were just one
constant (or even many of them) whose value can be derived from first principles, i.e. from the
ultimate theory or a law within this theory, then it would be completely explained or reduced at last. But
what would such a spectacular success really mean? First, it could simply shift the problem, i.e.
transfer the unexplained contingency either to the laws themselves or to the boundary conditions or
both. This would not be a Pyrrhic victory, but not a big deal either. Second, one might interpret it as an
analytic solution. Then the values of the constants would represent no empirical information; they
would not be property of the physical world, but simply a mathematical result, a property of the
structure of the theory. This, however, still could and should have empirical content, although not
encoded in the constants. Otherwise, fundamental physics as an empirical science would come to an
end. But an exclusively mathematical universe, or at least an entirely complete formal description of
everything there is, derivable from and contained within an all-embracing logical system without any
free parameter or contingent part, might seem either incredible (and runs into severe logical problems
due to Kurt Goedel's incompleteness theorems) or the ultimate promise of the widest and deepest
conceivable explanation. Empirical research, then, would only be a temporary expedient like Ludwig
Wittgenstein's famous ladder: The physicist, after he has used empirical data as elucidatory steps,
would proceed beyond them. "He must so to speak throw away the ladder, after he has climbed up on
it."

That there is no contingency at all seems very unlikely. So why are some features realized but not
others? Or, on the contrary, is every feature realized? Both questions are strong motivations for M.
The strongest version of M is related to the principle of plentitude or principle of fecundity (advocated
e.g. by Richard Feynman, Dennis Sciama). According to this principle everything is real, if it is not
explicitly forbidden by laws of nature, e.g. symmetry principles. The question remains: What is
forbidden, i.e. physically or nomologically not possible and thus not "allowed" by natural laws? This is
a slippery slope. There are or could be at least three main reasons for assuming the existence of other
universes: empirical evidence, theoretical explanation, and philosophical arguments. These three
reasons are independent from each other, but ideally entangled. As far as there is at least some
connection with, or embedding into a theoretical framework of physics or cosmology, M is part of the
scientific endeavour, not only of philosophy. This is also the case in the absence of empirical
evidence, if a theoretical embedding exists. And philosophical arguments might at least motivate
scientific speculation. There is an important distinction: Scientific laws on the one hand must be
falsifiable. In science verification is obviously extremely important. But falsification is not sufficient to
disprove an idea in controversial and hypothetical situations even if there are concise predictions. That
is, "absence of evidence is not evidence of absence." So what is missing here? It is theoretical
embedding. To be reasonably part of science, hypothetical universal existence statements must not
only be verifiable, they must also be part of a sufficiently confirmed or established scientific theory or
theoretical framework. Statements about the existence of other universes are not like statements
about scientific laws. The latter must be falsifiable, while the former should be taken as universal
existential statements which cannot be falsified, but must be verified. So ultimately a multiverse
scenario might only be accepted, strictly speaking, if there is empirical evidence for it, i.e.
observational data of another universe or its effects. A weaker argument for M would be if a falsifiable,
rigorously tested theory predicts the existence of other universes, and this theory is well established
according to the usual scientific criteria. Still weaker are philosophical reasons. Whether they could
suffice if they are stronger than alternative statements is a controversial issue and lies at or beyond
the boundaries of physics and cosmology.
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Abstract: Over the past several years, many scientists have offered possible solutions to the ever
growing cloud of space junk circling the Earth. The different ideas are commented with view of the possible use
on purpose to influence a strategic decision making process. An accent on the risk due to the probable
unpredictability of the outcome is made.
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A6cmpakm: [pes nocrnedHume HSKOMKO 200UHU docma yyeHu rpednazam eb3MOXHU pelleHUsI Ha ece
no Hapacmeawume npobnemu 3apadu KocMu4eckusi GOK/yKk okoro 3emsma. KomeHmupaHu ca pasiudHu
2nedHU Moyku ¢ o2ned Ha 8b3MOXHOMO UM UeSleHecoyeHo u3rori3eaHe 3a efiusiHue 8bpXy 83eMaHemo Ha
cmpameauyecKu peweHusl. AKUeHmupa ce Ha pucka om geposimHama Hernpedckazyemocm Ha pesysnmama.

More than 5,500 tonnes of junk now clutters the region of space above our heads: more than 60
objects at a height of about 850km, and two thirds of those weigh more than three tonnes each - many
moving near a speed of 7.5km/s. 10% of all objects in Earth's orbit are satellites, while the rest is
rubbish: spent rocket stages, defunct satellites, acceleration blocks and other debris. The debris
presents a risk not only to other man-made satellites in orbit, but occasionally also to the International
Space Station and manned space missions. Recently a couple of dangerous encounters of ISS with
space debris (the last one in June, 2011, a 300m distance fly-by) were reported to the public. In 2007,
China demonstrated an anti-satellite system, destroying one of its own defunct satellites and creating
2,000 extra bits of debris in a used satellite-field at a H=800km. A similar test was done by the USA in
February, 2008. Although there have been some near-misses and a few minor collisions, in 02.2009
for the first time two intact US and Russian satellites have crashed into each other and created even
more junk. And while the amount already up there is of concern, what is even more troubling is the
possibility of space and the debris up there falling prey to the Kessler Syndrome, after the NASA
scientist who first described it in 1978: in the longer-term, computer modelling work has identified a
worrying effect called a "collision cascade”, a kind of domino effect where collisions create more
debris, which generates further collisions, creating even more debris banging into each other on
chaotic trajectories.. Eventually, you reach the point where you can't sensibly launch satellites into the
orbits you want because they'll get pounded to pieces. Satellite shielding is effective for objects below
1cm. But beyond that size collision avoidance - commanding the satellite to move out of the way of
debris - may be the most prudent option. This is one of the reasons why the satellite operators and
international agencies quite deliberately have agreed that retired hardware - old satellites or spent
rocket stages - should be removed from space within 25 years of the end of service. Over the past
several years, many scientists and armchair enthusiasts alike have offered up a possible solution to
the ever growing cloud of space junk circling the Earth. A lot of ‘crazy’ ideas are constantly discussed
like for e.g. some sort of very large net strung between two large, heavy satellites that make slow

88



orbits scanning from one pole to the other. Once the net hits a certain quota, close it up, drop it back
to earth. Another proposal suggested a cloud of tungsten be sent up to coat the trash, causing it to
grow heavy enough to fall to Earth. Using lasers for shooting down the debris is an interesting option
too. Using large deployable surfaces to increase the drag on these objects so they fall to Earth rapidly
is also a possible solution to the space litter problem. Another one is to perfect nanobots or some
other technology that can break down the junk into its respective elements. There is a suggestion that
a satellite carrying among other things a solid propellant that could be affixed to a large piece of space
junk, be launched. The satellite would have two robotic arms: one to grab hold of the piece of junk,
the other to affix the propellant device that once activated, would guide the piece of junk towards
Earth, where it would burn up in the atmosphere. Such a satellite would be capable of de-orbiting 35
large objects over a 7 year period. It would target about 50 large rocket bodies that are currently
orbiting in the sun-synchronous orbital region near the Earth, which is where most of the catastrophic
collisions in the near term are likely to occur. The proximity operations and manoeuvring talked about
here is not easy, but the technology for the idea that you go and attach yourself to something in orbit is
becoming more credible. Nevertheless, the greater problem may be political and could be seen as a
threat to operative systems. Russia's space surveillance facilities include an "Okno" optical tracking
system near Nurek, Tajikistan, and a "Korona" long-range radar and optical tracking centre at
Storozhevaya in south-west Russia. China is developing its own systems.

The US Space Surveillance Network (SSN) is the most sophisticated system for tracking objects in
orbit. The US already makes available some data from its Space Surveillance Network. But this US Air
Force data, known as two-line elements, is of relatively low quality, with satellite positions only
accurate to within 20-30km (distances which are covered in 3-4 seconds at typical low Earth orbit
velocities of 7.5 km/s). Additional uncertainties are introduced when satellite orbits are extrapolated
days or weeks ahead. This is because spacecraft are perturbed by drag, solar radiation pressure and
the Earth's gravity field. The more inaccurate the initial data on a satellite's position, the more
inaccurate these predictions will be. In addition, for a satellite constellation in low-Earth orbit, two-line
element data might throw up hundreds of potential collision alerts every day. Many satellite operators
simply lack the financial resources to perform detailed analyses on each potential collision. The US Air
Force maintains a second, more precise database of information on the same orbital objects. But
these more accurate data are deemed far too sensitive to share publicly - for fear the data could give
away clues about the capabilities of US sensors. However, keeping close tabs on all the junk up there
is beyond even the resources of the US military who operates 25 centers around the world to track
objects in space. High accuracy surveillance is reserved only for a handful of high-value assets such
as the space shuttle, the space station and multi-billion-dollar spy satellites. Space-based systems,
which provide accurate weather data, telecommunications and satellite-navigation services, play an
increasingly vital role in Europe's economy. Until now, Europe has been largely dependent on the US
for knowing what is going on in space, but for some time this situation is regarded as inadequate. In
November 2008, space ministers approved a 49.5-million-euro proposal to prepare the way for a
European system which will stand watch over orbital debris, near-Earth objects (NEOs) and solar
activity. Together these phenomena could threaten lives and infrastructure in space and on the
ground. An advanced capability to monitor such threats is known as Space Situational Awareness
(SSA) , which will need to formulate a data security policy as well as consider what infrastructure has
to be built and how existing sensors might contribute. Radars are generally used to track objects in
low-Earth orbit, while optical telescopes are often used to observe objects further away from the Earth.
The advantage of a space-based sensor is that it is above the clouds and is unaffected by the
day/night cycle, so its tracking can be far more frequent. Electronic eavesdropping can be used to
assess whether or not satellites are active. The existing facilities might include France's GRAVES
(large-scale system adapted for space monitoring) radar system, which can survey objects in low-
Earth orbit up to distances of 2,000km, the Zimmerwald optical telescope observatory in Switzerland,
and the ESA Space Debris Telescope in Tenerife, Spain. The ‘Saphhire’ satellite system (Canada's
Department of National Defence), will carry an optical telescope for tracking satellites in high orbits,
especially geosynchronous orbit (GEO). These preliminary services should provide users with access
to a catalogue detailing the orbits of functioning spacecraft and debris. From 2011 on ESA is looking
at a ten-year timeline for development of the full system. Beyond 2011 there is a need to build new
state-of-the-art facilities to achieve high performance, including the ability to track objects down to
10cm in size. But for true space situational awareness, it will also be necessary to track objects more
frequently. This means monitoring the locations of satellites multiple times each day. They should also
alert satellite operators to potential collisions between their spacecraft and other objects in orbit. In the
event that a possible collision is identified, users could request a more detailed analysis of the objects'
trajectories using a high power radar such as the Tracking and Imaging Radar (TIRA) in Wachtberg,
Germany. ESA has also been talking to NASA and the US DoD about the potential for making the
European and American networks interoperable, or compatible. There is a certain level of
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independence Europe wants to have in its ability to protect its own space assets. But it also offers the
opportunity to get more out of two systems. The US has concerns that the European network could be
used by hostile nations in attacks on American targets. Britain’s participation presents particular
questions because of its "special relationship” with America. Sources say that, in principle at least,
there is a willingness on both sides to work together on SSA, though some in Europe remain wary of
US intentions. A policy directing how the data will be used is also important for Europe's system, given
the sensitivities over sharing information from military sensors. One thing that would have to be done
is to have data anonymity. A way to address the issue might be to place a software application
between the sensitive data and end users. Information provided by participating countries would be
used to train this interface. People will be quite glad to put things in as long as you can't trace things
back and work out the power and capability of the sensor. Users would then obtain the answers they
require without ever seeing details of the satellite positions.

From identifying a hostile or benign object to attributing an attack SSA is a critical component of a
security strategy in space. Large numbers of state and non-state actors use space-based products
and it is estimated that over 115 states own, or have a share in, satellites. Increasingly, information-
intensive operations and the realities of long-range power projection are inducing an increasing
dependency on space. The militarisation of space and counter-space weapon systems are a reality. In
an international system where asymmetry and hybrid threats are king, the space domain is ripe for
exploitation by dominant powers and those on a lesser footing alike. The norm against space-based
WMDs holds strong and space-based kinetic weapons are economically infeasible, but it does not
require a state actor with a modified ballistic missile interceptor, or a non-state actor with jamming or
spoofing capabilities to achieve an effect. A small piece of debris will suffice. With the importance of
controlling the narrative in casualty-sensitive societies, “smart” weaponry and precision targeting are
accepted necessities. It is not hard to envision how the elimination of just those specific space-
dependent capabilities would play out in a 3-rd world conflict. If you develop the SSA-system, it could
contain additional capabilities. The first priority is to build ground-based infrastructure. But it is not to
be excluded that later in the programme, space-based monitoring could take place. If there is a
problem with our satellite, we would like to have the ability to analyse precisely what is wrong with it.
One way of doing that is from the ground using telescopes. Another is to have a satellite in orbit which
could approach the damaged satellite and carry out a close inspection to see what is happening.
Space surveillance is one thing, but to get to space situational awareness you need more than either
optical sensors for high altitudes and radar for low altitudes. You need details from satellite operators.
The space domain is primarily populated by private - not public - entities. Only around 20% of
satellites in geosynchronous (GEO) or low earth orbit (LEO) are solely dedicated to military functions.
This is a concern as certain US military satellites and ground-stations have some, albeit limited,
hardening measures, whereas civilian systems - where the emphasis is on costs rather than threats —
do not. In the era of the “comprehensive approach” and NGO’s satellite dependency on imagery,
coordination, communications and meteorological information, even the loss of civilian satellite use
can have a pronounced military impact. But the consequential impact of satellite disruption can extend
far beyond military operations as the use of space permeates the civilian sphere in ways that tend to
be taken for granted. From navigation, telecommunications and broadcasting to meteorological
observation, environmental monitoring and supporting international trade and finance - civilian satellite
use ranges from convenience to necessity and, in a similar vein to the military, dependencies are
increasing. Most space-related technologies have the potential of dual-use, with varying levels of
effect- from relatively simple transmitters acting as jamming or spoofing devices for blocking or
hijacking a satellite’s signal, to deliberately colliding one satellite with another; from modifying missile
defence interceptors, to using miniature repair satellites as covert saboteurs. One solution to this
predicament is the development of redundant systems and resilient technologies as a means to
mitigate the costs of space “loss” and to employ some semblance of denial deterrence. The
deployment of micro and nano satellites (less than 100kg and 10kg respectively) is an innovative
options. The proposed ideas involve satellites being launched individually or in networked clusters that
provide a redundant flexibility should key satellite nodes come under attack. However, these
capabilities frequently require advances in microelectronics, lightweight materials, power sources and
advanced networked systems. What's more, if quick deployment is the idea, then the delivery system
needs to be capable of extended storage and high readiness — which is no mean feat.

Space debris was once the principal concern of space surveillance, but a different threat comes from
near-Earth objects - the primordial rocks left over from the formation of the Solar System. It has been
difficult to find funding for facilities directed exclusively towards NEO discovery. Existing ground and
space telescopes used for astronomy or military activities are eminently suitable for logging asteroids
and comets. The third big peak in discovery of near-Earth objects below the 1km size was with the US
GEODSS system used for looking at satellites. The US military allowed those satellites to be used for
NEO detection while they weren't being otherwise utilised. Space weather is the third component of
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ESA's SSA programme. The bulk of this discipline is concerned with solar activity. Radiation from
flares and coronal mass ejections (CMESs) on the Sun may launch X-rays and high energy particles
towards Earth.

Space situational awareness is also regarded as an important step towards the holy grail of space
traffic management. A system analogous to that which currently governs the movements of aircraft is
still some way off. When access is assured, space is a mission enhancer. It is nhow becoming a
mission enabler. By failing to effectively address our vulnerabilities there, the “loss” of space has all
the potential to become a “mission disabler”. We should not wait for the lights to go out.
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Abstract: Planet equatorial satellite dynamics is investigated. Adiabatic invariant of constant of motion is
leaded. The Poincaré-Lindstedt method is applied. The approximation allows analyze system dynamics
processes. The Euler equation for satellite dynamics around center of masses is worked out.

BbBeneHune

M3yyaBaHeTO Ha HENUHEWHOTO [AOBWXEHWE Ha eCTeCTBEHW W U3KYCTBEHW CNbTHUUU €
dyHOaMeHTaneH BbNpoc B KOCMUYECKUTE n3cneaBaHus. [BMKEHNETO Ha CMbTHUK B LEHTpanHo none
€ 3ajaya, NNoAoTBOpHA 3a aHanuTUYHWM pasrnexgaHus [1,2]. OT egHa cTpaHa, npocToTarta Ha
MaTemMaTM4YHMTE U3BOOW NMO3BOMSBA A CE 3BeAAT ONPOCTEHN YPaBHEHUS ONUCBALLM AMHAMMUKATA Ha
cuctemaTa, a oT Apyra opMynuTe CbabpXaT HENNMHENHUTE ePEeKTN KOUTO HU MHTEpecyBarT - edhekTu
nposiBABalM ce npu Jdaned no CIOXHW AWMHAaMUYHM CUCTEMMU. M3BEXOaHeTO Ha ypaBHEHVS B
NnoaxoAsll 3a aHanUTUYHO M3criedBaHe BuA Urpae rofnsiMa pons B U3ydaBaHETO Ha OUMHAMUYHU
cucTemMu OT TMna nnaHeTa-cnbTHUK [3]. HanbnHO MHTerpyemaTa 3agada 3a ABe Tena Moxe ga ovae
n3nons3BaHa KaTto OTMpaBHa ToYka Ha no-obLllaTa 3agava 3a ABWXKXEHUE Ha Tena ¢ Npou3BosiHa opma
B TSXHOTO COOGCTBEHO rpaBuMTaLMOHHO none. B obwmaTt cnyyam 3agadata € HeuHTerpyema u 3a
HENHOTO aHanMTUYHO u3yyaBaHe ce npubsarea A0 CMOXHWM aHaNUTUYHU TexHukn. MetoabT Ha
KaHOHWYHWUTE NpeobpasyBaHUs MpU U3y4yaBaHETO Ha XaMWITOHOBU CUCTEMU B HebDecHaTa MexaHuka
[2, 4]. MocpencTBOM TO3N MeToA MOXe Oa ObJe N3BeAEHO YPaBHEHUETO Ha eHeprusaTa Ha cuctemaTta
B npomeHnueu Ha [enoHe [5]. B HacTosiwaTa ctaTMd ropenocoyeHns MoAxXod € MNpUMoXeH 3a
OBWXEHME Ha CMbTHUMK CbC cdepuyHa dopma B ekBaTopuanHaTa paBHMHA Ha chjecHata npu
nontocute nnaHeta [6]. N3BegeHOTO ypaBHEHME € MOAXOAALIO KaTo MbpBO MpUMONMXKeHue Ha no-
CMNOXHM 3agaun [7], npy KoMTO MoraT Aa 6bAaT OTYETEHW U NapaMeTpu Kato popma Ha ChbTHUMKA,
OBWXEHNE MpX B3aMMOOENCTBME HA ENEKTPUYHM M MarHUTHU nosfeTta, KakTto M OTYMTaHeToO Ha
npunuexH1Te cunm [3,8,9].
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WHTerpmpaHeTo Ha ypaBHEHMsTa Ha [OBWKEHMETO Ha CMbTHMKA B CrleuuanHn yHKUMK e
Heyno6HO 3a NocneaBall aHanu3 Ha MexaHu4yHaTa cucTema, kato OTrnpaBHa Touvka 3a pasrfiexgaHeTo
Ha OBWXEHWETO Ha CMbTHMKA OKOJIO HEroBWsi MacoB UeHTbp. [lpu oTunTaHeTo Ha dopmaTta Ha
CMbTHUKA B HyNneBo npubnwxeHne moraT Aa ce U3non3eaTt pesyntatute 3a opbutanHoOTO ABUXEHME,
nony4YyeHn Npu pasrnexgaHeTo My kaTo cdepuyHo Tano. ONpoCTeHO ypaBHEHME B TO3W Criydan MoXe
na 6bae nonydeHo 4pe3 metoga Ha [MloaHkape-Nlungwen [10,11]. B nocnepcteue nonydeHuTe
aHanUTNU4YHM n3pasnm morat na 6'b,EI,aT NnoCctaBeHU B ypaBHEHUATA Ha Oﬁnep, KaTto Mo TO3U Ha4yuH
nony4vyasamve ,qmq)epeHumanHOTo ypaBHEHNEe 3a OBMWXEHMETO Ha CNbTHUKaA OKOJI0 Heroema MacoB
LeHTbp [12].

Op6VITaJ1Ha AWHaAMUKa Ha ABUNXeHUeTo

LLle n3sBegeM AMHaMUYHUTE YpaBHEHUSA Ha CMbTHUK ABWXKELL, Ce B ekBaTopuanHaTa paBHUHa
Ha crnnecHaTa npu NonkcuTe nnaHeTa B NPOMEHNMBY AENCTBUE — bIbll.
B cdepunyHmM KOOPONHATU KMHETUYHATA eHeprus € paBHa Ha

W  E =%(F§2 +R%0 +R?sin? 0% )

KbOeTo M e maca Ha CnNbTHUKA, M € Maca Ha rIJ'IaHeTaTa,(R,H,gD) Ca nondpHuTe KoopamHatun Ha
cnbTHUKA. KaHOHWYHUTE nMmnyncum nMmat Buaa:
p. =MR, p, =mR?d, p, =mR’sin’ & ¢.
XaMUNTOHUSAHA Ha Ta3u cuctema e paBeH Ha:
2 2
® H=— L zpf"z ~X VR, k=mwm.
2m R R°sin“d | R

Y - yHMBepcCanHa rpaButauMoHHa KOHCTaHTa.

Monarame: S =S, (R)+S,(0)+ Sw((p), ToraBa AvdepeHLManHoTo ypaBHeHNe Ha XaMUnToH-Ako6u

uMa Buaa;

2 2 2
3) (ﬁj +i2[§j +% % —2m(E+£+V(R)j:O.
oR R“\ 06 Rsin“ @\ o¢ R

YpaBHEHMETO ce pa3naaa Ha TPy 0BUKHOBEHU ANdEpeHLMarnim ypaBHEHMS:
dS dS 2 a 2 2 2

4) Lma,| L | +—S—=a,; 5. +a—92—2m E+£+V(R) =a,
do 7\ do sin® @ drR R R

KbAETO &, (,, &, Ca KOHCTaHTW, E -eHeprus Ha cuctemara.

3anuceame NpPOMeHNMBUTE OeNCTBME BLB BUAA:

2
1 ~ 1 1 ,  a,
Jw—Z§pwd¢—a(p,.]9—z§pgd9—z§ a, —Sin29d9,

(5)

1 1 k a,’
J, =5§ p,.dR =z§ 2m(E +E+V(R)]—R—92dR.

CbOoTBETHUTE BIMM HAMUPaMe, KaTo U3nosi3aBame hyHKUMSATa Ha Akoou:
0S 0S 0S

(6) w, = W, = yW, = .
0J 0J 0J,

r 4
Moxe pa ce nokaxe, 4e o, =J¢, a, :J¢+J9.

3anuceame MHTerpana Ha gencTBMeTo BbB BMAa:

1 k (J +Jg)2

Mopoxopsawo e ga ce MNpeMuMHe KbM HOBW OEWCTBUE-BIb/T NMPOMEHNUBM (MPOMEHNINBM Ha
[enoHe) no cnegHWs HaYWH:

L=J,+J,+J,1=w,G=J,+J,,9=w,-w,, H=J ,h=w —w,.
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KOHerTHO noTeHuhnana Ha CNbTHUK OBWXEL Ce B eKBaTtopuarnHata paBHMHaA Ha cnjiecHaTta

a
nnaHeTta e V(I’) = E, a << 1, Torasa vHTerpana vma crnegHust BUA:

2
1 k « J,+J
) Jr=—§ 2m E+—+— _MdR-
2r R R R
KaTo usnonseame peLueHvst HTErpan, uspassisame eHeprvisita B mbpBo NpubrimkeHme:
mk2 mk?- mZka

© E=- -
20, +3,+3,F (0, +3,+3,F (9, +3,f
Heka Aa HaMmepuMm CbOTBETHUTE YECTOTMU.

oE mk? oE m’ka

wrzaJr =(Jr+J¢+J€)3 o =E=a)r+3a)r( ¢,+J9)4

. V194
d>opmynaTa 3a HaMMpaHe Ha blIblia Ha npeuecud e Aw= g= Wy — 0)(p = F , KbAETO CM€E OT4esu,

ye @, =27 ,a P e napameTbpa Ha HecmyTeHaTa enunca.
MoxeM fa 3anuwem npubnukeHo M3pasa 3a eHeprusTa nocpencTBoM npoMeHnveu Ha Delaunay B
cregHus BUA:

mk? 2zm?ka

10 E=- -
4o 217 G®
CboTBETHOTO AndepeHUmnanHo ypaBHEHUE 3a TpaekTopusTa e:
G G
2 2
(11) do = R = R , kbaeto V(r) = %.
ar \/2 (E-U(R))- <N om[ E+ X V(R) ¢’ i
m m E+—+ -—
R? R R?
G
lMpaBum 3amecTBaHeTO U = E M gocturame o aumdepeHumnanHo ypaBHeHWe 3a TpaekTopuaTa BbB
BMAa:

du '
Zm(E +£u +0{3u3j—u2
G G

XapaKTepr Ha ABUMXXEHUeTo ce onpeaend oT NoJIMHOMbT
3

G k E
Pu)=u®-—— u?>+—G’u+—G°>.
2mao o o
3a peanHnTe KOPeHU Ha NONIMHOMAa MOXe [a ce Hanpaeu U3eoaa
E<0=Pu)=0=
1)u, =u,=u;,>0eR

2)0<u, <u, <u, eR.
I'Ip|/| peanHuTe OBUMXEHUA MNMOJIMHOMa € NONOoXUTereH, eTo 3allo npomMmeHnmeaTta nonaga B eaunH OoT
ABaTa uHTepBana: U e [U3,U2] mnn U e [Ul,-I-OO]. BTOpI/IFI MHTEpBaJl CbOTBETCTBA Ha nepuoanyHo

OBMXXeHne MmnHaBallo npes LUeHTbpa Ha nputerndHe, eTo 3aulo pasrnexgame OBMWXKEeHUeTo camMo B
NMbpBUA MHTEPBAI.

G G

BbBexagame napametpute: R, = —, Rp =—

2R.R,  R,-R,
13) P-= 6= a=4/(u —u,)A.
R,+R, R,+R,
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KaTto otuntame OBVXEHNETO OT nepuxenud, Moxe a 3anuiemMm ypaBHEeHMETO Ha TPaeKTopudaTa BbB
BUaa:

P

i)

1+ e[cnzx—snsz

TpaeKTOpI/IﬂTa Ha OBWXEeHWE Ha eKBaTopualieH CMbTHUK MOXe Oa Ce U3BeAe B MNMPaKTU4eCKu
n3non3BaemMma cbopmyna, KaTo Ce OoT4yeTe, 4e cChnnecHaTtoCctta Ha nnaHeTuTte € AO0CTa Mallka B
CpaBHeHMe Cc eanHuuaTa. 3a Tasu uen pasrnexgame gBarta nHrterpara Ha gBumxeHune

1 =~ 2 2 . 2 k a
as) SmR?+R%?)---Z =

2 R R

(14 R= X =ap.

16) L=mR%*p

W3passiBam pascTosiHMETO 40 CUIOBUS LeHTbp R KkaTo yHKUMA Ha NONSIPHUS B @

2 2
17 E L d_R +R? _K_ﬁ:E
7D 2 mR? do

1

R

npousesogHaTa no NonspHUA brbi, N0 TO3M HAYMH Ce AOCTUra A0 ypaBHEHUE OT Buaa
3am , km
2 0 =7

L L
3a ga ce onpocT ypaBHEHMETO, TbPCUM peLLeHne BbB BMA Ha cOOp OT KOHCTaHTa 1 OYHKUMSA
gy o=0,+f o, =const.
KoHcTaHTaTa nogbvpame Taka, Ye B ypaBHEHMETO 3a HeusBecTHaTa (OYHKUMA Oa HAMa CcBOOGOAHM
yneHoBe.

Monarame O = n andepeHumpame paseHcTBOTO (17) owle BeAHBX, kKaTo oTbenasBame C LpUX

(18) oc"+o -

3am 2 km
(20) _?O-O +O'O—F=O'
1) f"+(1—6li—“2maoJf +3i‘—2mf2 -0

PelwaBaHeTo Ha MNbpBOTO YypaBHEHWE Hanara Ada MNpeMUHeM KbM AeUHUMPAHETO Ha HoBa
Oe3pa3mepHa NpoMeHNnBa

L2
22 X=——0, .
(22) km °
Taka gocturame 10 ypaBHEHNETO
2 3am?k
(23) —a X" +X=1=0 pgero 0!1=T.

Korato o, =0, cnegsa ye X, =1. lornuro e B cnyvas a # 0, <<1, ga notbpcum pelueHneTo
KaTo pen no cteneHnTe Ha MarnknuaT napamMmeTbp
24) X=Xy + X F o X, + ..
3amecTBame (24) B ypaBHeHue (23)
(25) —ozl(x0 o X o X, + ..)2 + Xy + X+ Xy .. —1=0
anpaBHﬂBaMe KOG(*)I/ILLI/IeHTI/ITe npea eagHakeuUTe CteneHn n Hammpame Hen3BeCTHUTE BenninHn
Xo =LX =1x,=2 _

Taka okoH4yaTemnHo pocturame A0 U3pa3bT 3a KOHCTaHTaTa

km 3am’k® 18a°m°k’®
= g + e + 10 +...

(26) Oy

Nonarame

6am
27) n,’ =1- [z 0o

n gocturame ao n3pasa
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2
ey frengteile g2

Oy
I'IpeMMHaBame KbM 6e3pa3mepHaTa npomMmeHnnBa
|2 1-n2 km
=—f D= 0o
(29) m P e

C B e o3HaueH manbk napameTbp, NOCPEACTBOM KOWTO Liie pellaBamMe Nnofy4eHoTo ypaBHeHne
" 2 2
@Bo) Y'+n,y+py° =0

no metoga Ha lNoaHkape-JinHawen.
Pasrnexxgame 6e3pasmepHaTa NpoOMEHNUBA, KaTo PYHKUMUS HA V = @@, N 3anucBame ypaBHEHUETO,

KaTo TO3M MbT CbC LWPKX O3Ha4YaBame NpoM3BogHaTano v.

31 YN Y+B=0.

TbpcuMm pelleHne Ha ypaBHeHneTo (31) BbB B1A Ha pedose
Y=Y, + Y, +..

=N, + pn +...
KaTo 3amecTMm BennuuHUTE CbC CbOTBETCTBALLMTE UM penose, Kato KpaeH pe3yntaTt ce nosiy4vyaBa
cuctemara

Yo +Y,=0
(33) "
Yy +y,+ 22

(32)

n 2
—Yo +Y =0
nO
MbpBOTO OT ABETE ypaBHEHNs ce pellaBa BedHara
34y Yo =Acos(v—v,)

3amecTBame nosny4veHus pesynTtaT BbB ypaBHeHue (33)

" n A2
@5 y, +Y, =2—Acos(v _Vo)_7[1+ cos2(v —v,)].
nO
3a Oa nony4yum nepunognyHo pewieHune, npnemame nl =0 u nonarame
AZ

(36) YiT=EY, _7-

OkoH4aTenHo YpaBHEHNETO pobuea Buaa:
2
”

A
@7 YN YR =—76082(v—vo).

Tbpcum pelueHneto BbB Buga Y, ™ = BCOS 2(v —VO). ToraBa 3a KoeduUueHTa npesd KOCUHYca
2
Hamupame B = e Bpbliame ce KbM npeauLiHaTa NpoMeHnnea

2 2
@38 Y= —A?+%C052(V —v,)

Cera Be4ye Mame Bb3MOXHOCT [a 3anuLlieM OKOHYaTerHOTO peleHneTo BbB Buaga

(39) O :k_m+ Sak“m’ + kmAcosn¢+,B kma” cos2ng — ﬂkmA_2+
L? L° L 6L° > 2
[edurHupat ce cnegHUTe BENUYUHMU:
km 1
40 1z
@1y A=e

P v € npeacTtaBnsBaT CbOTBETHO (DOKANHUAT NapameTbp U eKCLeHTpuumuTeTa Ha opbuTaTa
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42 a:£+3—a+%+icosn (p+ae;2c052n ¢_3_ai+

(42) p kpS p5k2 p 0 2kp3 0 kps 2

C TO4HOCT [0 BTOpaTa cTerneH Ha napameTpute [ 1 €, pa3CTOSHUETO A0 CUMOBUSIT LEHTLP Ce
onpeaens 4Ypes popmynara

P - Ny P

R= ~
1+en,cosn,g Ny = |1-

3 6
(43) 1+°2- +ecosn,p
kp

2 .
kp
[BwKeHNeTO MOXe da ce pasrnmexaa, kato envMnTUYHO, KaTo enuncarta ce OBWXKM PaBHOMEPHO B
paBHMHaTa C/M MO MOCOKa Ha ABMXEHUETO Ha TANoTo (npeuecus). brbnbT Ha KOWTO Ce M3MecTBa
enuncara npv ABmxeHue oT nepuxenus (adenus) o nepuxenus (acdenus) e paBeH Ha

1 67a
(44) A(D—Zﬂ'—Zﬂ' E—l ~ kp2 .
3a ga onpegenum NonsipHUSA bIbil KaTo siBHA PYHKUUS HA BpeMeTo, M3non3eame opmynarta
k
45 . L \m

v= mR? R?(n,p)

3a HawuTe pasrnexgaHus, Le ce OorpaHMdMM caMo C 4rneHoBeTe [0 BTOopa CTeneH no
eKCLeHTpuuuTeTa, Kato cuyuTame ,6’:/3(0() OT nopsigbka Ha €. Cneg kato ro peLwum,

TPUrOHOMETPUYHMTE PYHKUMM MMaT 3a apryMeHT TMOonsipHMS brbi. 3a ga nonyyYMm TbpceHaTa
3aBWCMMOCT, TbPCUM W3pa3 3a MONsSpHMSA Bbrbll, KOWTO npefcTaBsMe, uype3 peg Ha Pypue c
HeusBecTHM koeduumneHTn. [lpupaBHsBamMe KoeduUMEHTUTE nNped eOHaKkBUTe CTeneHun Ha
eKCLeHTpULUMTETA U KaTo KpaeH pe3ynTarT ce norny4yasa

(46) go:nM+Zesin M +%ezsin 2M +O(,Be2)’

0

M -

(47) 3 (t_to)’p:a(l_nozez) p==
n,a2 oom

KbOeTo

[OvHaMuka Ha BLPTENUBOTO ABUXKEHUe

Pasrnexxgame ekBaTopuvanHua CMbTHUK KaTo TBLPAO TAMNO. AHanuaupame BNUAHWETO Ha
chnrecHaTocTTa Ha NnaHeTaTa Bbpxy KonebaHusaTa Ha CbTHUKA.

OnpepensiMe MomnoXeHWeTo Ha LeHTbpa Ha macute O’ nocpeacTBOM MOMSIPHU KOOPAMHATY
R,®, c ueHTbp Ha k.c. O cbBNagaLy CbC CUIOBUS LEHTBLP, @ NONOXEHUETO HA eAHa OT LieHTpanHuTe

0OCH Ha MHepuua Ha T450TO CnpAaMo pagnycBekTopa otGenassame ¢ brbn ©
ypaBHeHMeTO Ha BbPTEJTIMBOTO ABMXXEHNE B CllyHdad Ha eKBaTtopunariHa op6|/|Ta e

d(. .\ U 3a | .
B—O®+¢)+—(A-C)3+5 sin®cos® =0
(48) ©+¢) R3( R .

dt

C ToukM ca o3Ha4eHn npon3BoOHUTE Ha BEJIMYNHUTE MO BPEMETO, A, B, C - rnaBhu WHEPYHUN MOMEHTHA

Ha CNbTHUKA.
B obuwuar cnyqaﬁ Ce OTHUTa N Bpb3KaTa Mexay konebaTtenHoTo (pOTaLI,VIOHHOTO) ABWXeHne n
0p6|/|TaJ'IHOT0 AOBWXeHUne. l/I3pa31=T 3a pa3CToAHMETO OT CNbTHUKA OO0 LEHTPAaNHOTO T4/10 UMa Buaa:

B , L
@9y R=R, 1_W(1+n00), Ro ===

R, Mg
MpousBogHaTa no brbi V =Ny@ e o3HaueHa OTHOBO C Wpux. L e opbutanHust momeHT Ha

cnbTHUKA. TpaHcdhopmupame ypaBHeHWeTO (48) Taka, Ye ga ro npeBedeM KbM HOBaTa He3aBucHMMa
npomMeHnuea v . Cnen HECMNOXHU U3YNCIIEHMSA Ce 4oCTura 4o n3pasa
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P g _2p R"’Z(V) g+ (A-C) 3+ 5’ (1—n02) sin26=
R'(v) 2

B
2
287 1- Bz(l+n0 9) 2RA(v 1_MF$2 (1+n@)
M L ]
_2pR(v)
h R(v)
(50)
p
R =
o) 3a 18a? ae? 3a e?
1+— +—,—,+tecosv+ ; COS2v —————+
kp p°k 2kp kp® 2

B R(V) ce noabvpaT HeobGXoAMMUAT GPOI YNeHOBE, B 3aBUCUMMOCT OT MPUGIIKEHMETO, B KOETO Ce
pasrnexga sagavarta.

3akntoyeHue

MocpencTtBOM MPUONMKEHU aHanUTUYHW METOAM  MONyuYnxme pesyntatm B obw, BuA.
M3Begoxme ypaBHeHMs BbB (hopMa MOAXoAdLla 3a HeYucrneH aHanus, 3anassawu crneumpuyHuTe
CBOWCTBa Ha HenuHerHata cuctema. JlecHo Moxe ga ce cbobpasw ponsdTta Ha napameTpuTe, npu
npexon Mexay KkadeCctBeHO pa3find4HU CbCTOAHUA HaA CUCTeMaTa, Ypel U3Nori3aBaHeTo Ha aHalnTUu4Hn
TEXHVKN.

Mopbopa Ha ONTUMANHUAT METOA, KaKTO M KOMOMHMpaHeTo M moaudmumpaHeTo € Apyru
TakvMBa, CTOM B OCHOBAaTa Ha ycrnexa npu TakbB HauMH 3a pellaBaHe Ha 3ajayvuTe, KaTo MOXe Ja ce
Hanpasu nogobHa aHanorns ¢ YACNEHOTO MHTErpupaHe Ha ypaBHeHusITa.
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Key words: the PZS-RULER, the RGB-filter, the onboard device of collection and information
management, the device of creation of video staff.

Abstract: constructions of the scanner of remote sounding of the Earth with resolution of 25 metres on the
basis of three-channel the PZS-RULER of type KODAK KLI-8023 Are considered, to be resulted a structure,
technical characteristics, the structural flowchart and the description of operation of the scanner, calculation of a
lens and the description of a bench of check of the scanner.

CkaHep AucTaHUMOHHOro 3oHauMpoBaHusa 3emnu (033) npegHasHavyeH AONS CKaHMPOBaHMS
Yy4acCTKOB MOBEPXHOCTU 3emnu 1 NonydeHns CHUMKOB C pa3peLleHneM He MeHee 25 MeTpoB.

B cocTtae ckaHepa 133 BxoasrT:

- 06beKTNB BUAMMOro guanasoHa ¢ pokycHbiM paccTosHueM 6onee 200 Mwu;

- 06bEKTUB MdpaKpacHOro gManasoHa ¢ poKyCcHbIM pacctosHnem 6onee 150 mwv;

- RGB (Red, Green,Blue)- dounbTp n nHdpakpachoeii (UK) dounbTp;

- TpexkaHanbHas MN3C-nuHenka Tnna KODAK KLI-8023 [1];

- MN3C-UK nuHenka;

- 12 paspsagHbele AUM - 4 wr;

- y3en BBoAa AaHHbIx MN3C-nnHeek;

- y3en hopMrMpoBaHuA Buaeokaapa;

- HakonuTenbHoe ycTponcTBo (FLASH 4x2I6awT);

- gatynku Temnepatypbl MN3C-nNMHeeK 1 MUKPOCXEM CKaHepa;

- BTOPWYHBIN UCTOYHMK MUTAHNUS;

- pe3epBHbI KOMNIEKT ckaHepa [033.

OcCHoBHble xapaKkTepucTukn ckaHepa [33:

- AnanasoH pabounx opbut: 600-700 km;

- (bokycHoe paccTosiHue obbekTuea 220 Mm;

- MpoeKuus nukcens Ha 3emnio - 25 MeTpoB;

- YMCIO 3NEMEHTOB pasroXeHus B rnoroce 3axsara - 8023

- cnekTpanbHbIn gnanasoH: 460...950 Hw;

- KOMIMYECTBO CreKTparibHbIX KaHanos — 4;

- crekTparnbHble AnanasoHsl kaHanos: [B: 460...510 ], [G:520...580],

[R: 600...680], [NIR: 750...950] H™m.;

- KOHTpacT HabnogaeMbix 06bekToB: 0.1...0.9;

- pa3psigHOCTb LMPOBOro curHana — 12 ou;
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- MakcMMarbHasi CKOpOCTb BbIXOAHOro notoka - 50 Mout/cek;

- KO3hPMLMEHT CxaTUs LMPOBOro notoka - 1.5 < k < 2, cxatme 6e3 noteps;
-noTpebnsemas mowHocTb — 4o 5 BT;

- Macca [0 2 Kr;;

- rabaputbl, He 6onee, mm - 150x130x100.

CTtpykTypHas cxema ckaHepa 33 npegcrasneHa Ha cwur.1.

I'Ipoueccop BuageocurHana

Mapan. wstepceiic
BopTo80€ HaKONUTENbHOE

WWinna ynpasnesus N3C-nuwedikamm ycTpoiicTBo

\I/ | (FLASH 4x2r6)

0.46-0.95 Mkm Red AUn 9 Rarimk
1 Obbexma 1 RGB-qunbtp younmrens 12 6ur P e
3 i
e Yaen qopumposarts npoueccopa

€O BCTpORHHLIMM 126m
RGB-mnbTpamm

Vaen ssona AaHHeX Nanhbie M3C-neek

or M3C-nHeex K pagHonepepaT ey
Yaen cBopa

Blue
younmrens AUn > Ynpasrenve TONEMETPINECKAX ABHHbIX « nonoucreme

12 6ur

N3C-nuHeiika G suneocurrana
KODAK KLI8023 | yemnrmens = Buneokanpa

ynpasnenns
cnyTHuKka

Haranc
RS-485 ocH
nacvK M13C-mseii

AUn 9

12 6ur

VK-dunsp Pwerika RS-85 pes. <
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dur. 1. CTpykTypHas cxema ckaHepa 133

PaboTta kamepbl [133 cornacHO CTPYKTYpHOW CXeMe OCYLLEeCTBNSAETCHA crieayowmm obpasom.
O6bekTnB opmupyeT Ha MOBEPXHOCTU CBETOYyBCTBUTEMbHbIX 3nemeHToB (M3C nuHeek)
n3obpaxeHne 3eMHON MNOBEPXHOCTU. OTpaKeHHbIi OT MNOBEPXHOCTU 3eMnu CBET, Mpexae 4Yem
nonacte Ha M3C nuHelrkun npoxoauT 4Yepes nonocoBble GunbTPbl Buaumoro u UK amnanasoHoB.
Bugumbin ceeT nonagaet Ha mukpocxemy KLI-8023 cocTtosyto u3 3 napannenbHbix MNM3C nuHeek ¢
cBeToUNbTPaMM KpacHOro, 3efeHOro U cuHero AmanasoHoB. AHanormyHo, UK uanyyeHne nonagaet
Ha WK T3C nuHeliky.

M3C nuHenkn ynpaeBnsitoTCA y3roM BBOAA AaHHbIX. AHanoroBble curHanbl ¢ BbixogoB [13C-
nvHeek npeobpasytoTcs B BydepHbix yennutensax n oumdpoBbiBaoTCs B ObiCTpogencTByoWwmx 12
OuTHBbIX ALLM.

[daHHble, ynakoBaHHbIE B BUOEOKaApbl, 3anMCbiBalOTCA B BOPTOBOE HAaKONUTENbHOE YCTPONCTBO,
cocTtosuee u3 4 mukpocxem FLASH-namsatn obbemom 2 6anT kaxaas.

[Mpn HeobxogmmocTw, AaHHble u3 FLASH-namatn cuyuTbiBaloTCA y3nom opmMupoBaHus
BMAeOKaapa 1 nepegatroTcs ¢ NOMOLLbIO nHTepdenca LVDS B koMMyTaTop NOTOKa, OTKyAa NocTynawoT
B NepefaTyuik.

CocrtaBHble yacTu kamepbl 033 ynpasnstorca oT 6optoBori 3BM nocpenctBoMm mHTepdeiica
RS-485. B Tom cnyyae, ecnu ocHoBHas kamepa [33 He oTBeyaeT Ha KOMaHAbl, KOMMYTaToOp NOTOKa
NnepekKnioYyaeTcsl Ha Pe3epBHYI0 Kamepy.

B coctaB kamepbl [133 BXoOaT cpeAcTBa KOHTPOMS HaMNpPsDKEHWA MUTaHWS U TemnepaTypbl,
cBsi3aHHble ¢ 6opToBOM OBM.

Moacuctema ynpaeneHnst ckaHepa (NpoLeccop BuaeocurHana) peanvsosaHa Ha 6ase MINC n
obecneynBaer:

— B3auUMOAEWCTBME C NOACUCTEMON yNpaBreHus CnyTHUKa no kaHanam RS-485;

— yCTaHOBreHue pexumoB paboTbl no nepuogy onpoca AL (rpybas n ToHkas HacTponka), a
Takke MO ONUTENbHOCTM BblAEPXKM (rpybas u TOHKas HacTpouka). [pybasi HacTpoika
obecneunBaeT BbIOOP OAHOTO U3 BO3MOXHbBIX PEXMMOB, MakcumanbHO OnM3KMA K
napameTpaMm [OBWKEHMS CNyTHWKA, a TOHKas HacTpomka obecneunBaeT Hebonblune
M3MEHEeHNs, BbI3BaHHbIE pearnbHbIMA TeKyLMMU napameTpaMn OBUMXEHUS CNyTHUKa
(ckopocTb, BbiCOTa M Ap.);

—  MYCK 1 CTOM CKaHUPOBaHMs,
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BBOZ AaHHbIX ckaHupoBaHus oT AL (BO3MOXHbI pexunmbl ¢ paspsgHocTbio 3, 4, 8 n 12
OMTOB Ha kaHan);

HakonneHne BBEAEHHbIX OaHHbIX B 3HEProHe3aBMCUMOM 3anoOMUWHAIOLWEM YCTPOWCTBE Ha
6ase FLASH-namaTtu (8 '6ant);

dhopmMmpoBaHue kagpa Ansi nepefadv aHHbIX CKAHMPOBAHUS HA Ha3eMHYI0 CTaHLUUIO;
KOAMpOBaHWe Ans 3awuTbl OT ownbok;

nepefady AaHHbIX CKAHUPOBAaHWSI B MOACUCTEMY Mepefayvn AaHHblX no kaHany LVDS wnu
RS-485. BoamoxHas ckopocTb nepegayum gaHHbix 25 Méut/c, 50 Mbut/c (npopabaTtbiBaeTcs
BapuaHT 100 M6uT/c);

cbop TenemeTpuyecknx [AaHHbIX COCTOSIHUSA Y3MOB cKaHepa (HanmpshKeHusi MuTaHus,
Temnepatypa MN3C nuHeek u gp.);

nepegada TeneMeTpuYecKMX AaHHbIX MOACUCTEME YMpaBMeHus CMyTHUKa U B COCTaBe
hOpMMPYEMOro Kagpa Ha Ha3eMHYH CTaHLMIO).

Moacuctema ynpaBneHusa ckaHepa peanunsoBaHa ¢ nomoupto 2-x MINC dpmpmel ALTERA

EPM7256AETI100-7;
EP1C6TI144-7 («Cyclone).

Mepas MINC (y3en BeBoga AaHHbIx M3C-nuHeek) ocywiecTenseT B3anmogenctane ¢ AL n
peanusyeT, obecrneumBasi BBOA [AaHHbIX OT KaHanoB ckaHupoBaHusi (RGB). [anee pesynbrathbl
CKaHMpPOBaHUSA nepecbinalTcs B Aapyrylo TJINC (ysen copmupoBaHua Buaeokagpa) Ans
OCyLleCTBIliEeHNA 3anoMuUHaHuUA, KOAUpPOBaAHUA, CXaTwuA, cbopMMposava Bngeokaapa u BbiBOAa B
nogcucremy nepegadu JaHHbIX.

Bce BbllweykasaHHble 3anemMeHTbl ckaHepa [33 KOHCTPYKTUMBHO BbIMOMHEHbl Ha OAHOW nrarte
uncpoBor 06paboTkM, NPeACTaBNEHHON HA ur.2.

dur. 2. MNnaTa umndposon 0bpaboTkm ckaHepa 033 ¢ M3C nuHelikon

B kauectBe chopmMaTa AaHHbIX CkaHepa NpUHAT dopmaTt, chopMmnpoBaHHbIA Ha 6ase cTanHgapTa
IRIG-106, BKntoYaloLLMA NOSS CUHXPOHU3ALMN, 3arofioBKa N JaHHbIX.
[na nepegaym gaHHbIX ckaHepa 33 MCC BegeTcsa npopaboTka napameTpusnpyemoro Mogyns

kogepa

AN NoMex03alLMLLIEHHOTO KOAMPOBAaHUS CO CreayoLMMM napaMmeTpamMu:

—  [OJMKHO ObITb UCNONb30BaHO B6MOYHOE KOANPOBAHME,

—  paspsgHOCTb CUMBOJSOB — M=4 6uUTa;

—  ANVHa MHOPMaLUMOHHONM (MCXO4HON, BXOAHOW) YacTn — k=12 CMMBOJIOB;
—  ANuHa KoagoBoro (BbIxogHoro) cnosa (6roka) — n=16 cCMMBOIOB;

—  KOppeKTupytowas cnocobHocTb t=2 cumBona;

— nepuvoA nocTynreHns cuMmBonoB Ha Bxog kogepa 200 — 1000 Hc.

Ona M3C-nuHenkn KLI-8023 (KODAK) npoBefémM pacyeT napameTpoB 0ObeKTUBA.

KLI-8023 coctout u3 3 napannesnbHbiX Apyr OpYyry CBEeTOYYBCTBMTEIbHbIX JIMHEEK (C
cBeTOUNbTPaMM  KpacHOro, 3efleHoro M cuHero uBetoB) anvHon B 8002  nukcens
(cBETOUYBCTBUTENBHOMO 3NIEMEHTA) KaxKaas.

Pa3mepbl nmkcens cocTtaensaioT 9X9 MKM.

PacctosiHue mexay coceiHMMU nnHerkamm coctasnseT 108 Mkwm.
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OnunHa nuHenkn coctaesndet 72,018 mm
[ns nonyyeHus NpoCTpaHCTBEHHOro paspelleHus B 25 M. npu BbicoTe opbuTel 600 KM 1 anvHe
nukcens 9 MKM, cornacHo gopmynbi [3].

roe f — pokycHoe paccTosiHue o6bekTmBa, H- BeicoTa opobuTsl, |,— NIMHENHBIA pasmMep nNuKcens,
TpebyeTtca dokycHoe paccTtosiHue obbekTnBa He MeHee f = 0,216 m

Monoca «3axBaTa» Yyyactka nosepxHoctn 3emnn, pnsa [3C-nuHenkn KLI-8023 ¢
NPOCTPaHCTBEHHbIM pa3spelleHnem B 25 M, coctasnseT B = 200050 m.

Toraa yron o63opa 06beKkTMBa LOMKEH ,ObITb HE MEHEE:

y = arctg (B/2H) = y ~9,465°

Tak Kak LWMpuHA NpPOEeKUMM OOHOM JNWHMW [OMKHA COCTaBnATb 9 MKM, TO paspelleHue
obbekTuBa AoMKHO cocTaBnaTb He MeHee 1/ 0.009 mMm/nvHuio = 111 nuHu/mm.

Utak, napameTpbl obbektuBa ans MN3C-nuHenkn KLI-8023 gomkHbl ObITb HE MEHee:

—  ®oKycHoe paccTosiHne 216 Mm,
— paspelatoLlasi cnocodbHoctb 111 nuHuin/mm,
— yron ob3opa — He MeHee 9,465 °.

UarotoeneH, cmotpu ¢oto Ha ¢wur.3, makeT ckaHepa 033 c M3C nuHerkon dupmbl Sony
ILX518K [2], cocTosiwen m3 3-x napannenbHbiX Apyr OpYry CBETOYYBCTBUTEMbHbIX NMHEEK (C
cBeTouNbTPaMM  KpacHOro, 3efeHoro W CMHero LUBeToB) pAnuHoi B 5363  nukcens
(cBETOUYBCTBUTENBHOMO 3NIEMEHTA) Kaxaasi. Pasmepbl nukcensa coctaBnaoT 8x8 mkm.  [na makeTta
ckaHepa [133 ncnonb3oBaH 06bekTuB ['enmoc -44M. ¢ pOoKyCHbIM paccTosHueM 58 mm.

dur. 3. doTo ckaHepa 33

[lna npoBepkn peannayemMocT BblibpaHHOM cxembl ckaHepa [133 n nony4aemoro paspeLueHms
ObIn pa3paboTaH 1 M3roTOBIEH CTEHA, UMUTUPYIOLLMIA BpaLlleHWe CNyTHUKa co ckaHepom [133 Bokpyr
3emMnn co CKOPOCTbLIO MOACMYTHUKOBOW TOUkM 6903Mm/c, Ans BbicoTbl 600kMm [4].

Ha Bpawatowem 6apabaHe ycTaHaBNMBAKTCS pPasfvyHble TECTOBble KOMOMHALMM CMMBOMOB
(«Wwaweykn», TekcTtoBas WHOpMaumMs, PUCYHKM u Ap.). [eomeTpuyeckue pasmepbl €aVHUYHOIO
anemMeHTa («Llalleykn») COOTBETCTBYHOT paspelseHutio B 125,100, 75, 50, 30 n 25 meTtpoB Ans
KpyroBow opbuTbl MUKPOCMYTHMKA C BbICOTON 600KM. Hag, NOBEPXHOCTbIO 3emnu.

UHdopmauma ¢ makeTa ckaHepa [O33 noctynaet 4yepe3 WHTEpPENCHbIN Onok Ha
nepcoHarnbHbI KOMMbOTEP, rAe NPOU3BOAMTCS pacnakoBka Buaeokagpa u oTobpakeHue TeCTOBOM
WHopMauMM yCTaHOBMNEHHOW Ha Bpallawowemca b6apabaHe. Ha makete ckanepa [O33 c T3C
nuHenkon Sony (ILX 518K, nukcenb 8x8 MKM) M OOBEKTMBOM C (POKYCHbIM paccTosiHuem 58 Mm
nony4yeHo paspelleHne nopsigka 60 meTpoB. Ha cwur.4 pparmeHT nonyyeHHOro nsobpaxeHus, rae
YeTKO BUAHbI «Llalevykn» 75 MeTpoBOro wmsobpaxeHuss M crnabo pasnuuMMbl  «wawedkn» 50
METPOBOIr0 N300paKEeHUS.
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10 M

25 m

S50 n

FS m

100 mn

125 m

®ur. 4 dparmeHT n3obpaxxeHusi B cpegHeln YacTy TeCToBOW Tabnuubl

B cBs3M c Mmanon paspelsatollern CnocobHOCTb0 00bekTuBa, MeHee60 5MH/MM,  HEBO3MOXHO
nony4nTb MakcUMarnbHO AOCTMXUMOE paspelweHve B 25 meTpa. [Ons nonyyeHus MakCMMaribHOro
paspelleHnss HeoOXOAMMO YCTaHOBUTbL OOBLEKTUB C paspeluatolleil cnocobHocThi He xyxe 110
NUHUA/MM.

CTeHpoBble WCMbITAHMSA MOATBEPOUNN peanu3yemMocTb BblOpaHHOM CXembl U NpUeEMeMble
napamMeTpbl Nofly4aemMoro n3obpaxeHus.

Nutepartypa:

1. http://www.kodak.com/global/en/business/ISS/Products/Linear.

2. http://lwww.datasheetcatalog.org/datasheet/sony/a6802415.pdf.

3. Manbiwes,B.B,MH Kpacunbwunkos uap. CnyTHMKOBbIE CUCTEMBI MOHUTOPUHra. AHanms,
CUHTE3 1 ynpaeneHue. Moa pepakumen B.B. Maneiwesa.- M.: Msgatenscteo MAW, 2000.-568c¢.

4. http://www.scanex.ru/ru/company/Project_SAT_TranspWorld.pdf.
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Abstract: In the report the description of onboard system of the telemetry control of a flight vehicle
including in the structure an onboard complex of telemetry, sending devices and onboard antenna feeder devices
of two ranges is resulted.

BoptoBas cuctema Tenemetpuyeckoro koHTponst (BCTK) npegHasHayena pna cbopa,
06paboTKkn, 3anoOMUHAHMA U nepedayn no 2-M PagvoNIMHWUAM, TeneMeTpuyeckon MHopMaumn Ha
Ha3eMHble KOMaHOHO- TenemeTpuyeckune ctaHumm (HKTC).

BCTK obGecneunBaer cbop, 06paboTKy, 3anoMuMHaHWMe W nepegady no 2-X KaHanbHOW
pagvonuHum Ha HKTC pesynbratoB TeneusmepeHun (QyHKUMOHAMNbHbLIX MeANeHHOMEHSHOLMXCS
(MMIT) un 6bicTpomeHsiowmxecs napametpoB (BMI1) u umdposon uHdpopMauum ot 6opToBOro
BbluyMcnuTensHoro komnnekca (BBK) n umdpoBbIX 4aTYNKOB.

BopToBas cuctemMa TenemeTpuyeckoro KOHTPOMs BKMOYaeT B CBOEM COCTaBe criegylolime
ycTponcTBa: 6opToBoi komnnekc Tenemetpum BKTM; nepepatowiee yctponctBo L - guanasoHa —
npubop NM; nepegatoLee ycTponcTeo S - agnanasoHa — npubop M; 6opToBOE aHTEHHO - hmnaepHoe
ycTporncTBo L - gnanasoHa — ADY- L; 6opToBOE aHTEHHO — (PMAEPHOE YCTPOWCTBO S - AnanasoHa —
ADY- S.

AHanua TexHudeckmx TpeboBaHWI NpeabsBrseMbiX K BOPTOBOW CUCTEME TenemeTpuyecKoro
KOHTpOMsi MO3BONSeT OnpefenuTb criegyowme obobuwarwme TpeboBaHMs K TernemMeTpudecKomn
CHUCTEME B LIENOM:

e  OOHOBPEMEHHOE M3MEepPEHME MHOIMX Pa3HOObpasHbIX U3NYECKUX BENNYUH;

e BbICOKas TOYHOCTb Nepefadn CoobLLEHWUA - OTHOCUTENbHAsA MOrpPeLUHOCTb AN KaHanoB

namepenHun coctasnsiet 0,5% gns MMM un 7% gna BMIT,
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e obecrneyeHne OOHOBPEMEHHOW nepegayM M nNpuema CooOLWEeHUn ¢ pas3HoobpasHbIMU
cnekTpamu (OT e4MHUL, 4O AEeCATKOB Thicsd [epL);

e BbICOKMA 0O6BbEM UM BbICOKAs CKOPOCTb nepedayn uHdopMaumm - MakcuMmanbHas
MHopMaTUBHOCTL cocTaensieT 1,6 MouT/c;

e BbicokMe TpeboBaHua kK BCTK B cBs3n co cneundudeckummn ycrnosusiMm paboTtbl nagenus
Ha cTapTe, akTUBHOM y4acTKe TPaekTopun 1 B NOMeETe;

e  MHPOPMALMOHHAs MOKOCTb — U3MEHEHNE CKOPOCTM nepegaydm uHopmaumu;

e peructpaumsi OaHHbIX HA3eEMHbIMW YCTpoWcTBamMu B opme, yOOOHOW Ans aHanusa u
OanbHevwer obpaboTkn Ha MOBM;

e ornepaTvMBHas Bbldaya aKcrnpecc - wHpopmauum 00 Wn3MeHeHuM psga  Hambornee
CYLLIECTBEHHbIX MApaMeTpoB;

e 00OpaboTka nonHoro o6bvema nHdopmMaumm ¢ nomoulsto NMNOBM;

e obecrnedyeHne aBTOCOMNPOBOXAEHUS W3LENUS.

B ocHoBy noctpoeHunss BKTM nonoxeHa maructpanbHo-MogyrnbHas cxema cbopa v nepepayv
TenemeTpuyeckux WU3MepeHun ¢ agpecHbIM OMNpPOCOM U3MEPUTENbHbIX KaHanoB. YNpasnstoLnM
aneMeHTOM npubopoB sBNSAETCA «UU(POBOM aBTOMAaT», PacrofiOXeH B MoAyne LEeHTpanbHOro
npoueccopa (L), peanusoBaH Ha ocHOBe MporpaMmupyemMon nornyeckor matpuupl (MJIM) cdrpmbl
"Altera". Mogynb LI obecneunBaert:

- cbop wHGOpMauMM OT BCEX W3MEPUTENbHBLIX KaHarmoB MO OOHOW K3 Mnporpamm,
Haxopswencs B M3Y;

- (bopmumpoBaHMe BHYTPEHHErO 1 BHeLLHero kagpa bKTM;

- hopmupoBaHne psaga cnyxkebHbIX KOMaHg Anis ynpaeneHus ApYruMu  YCTpOMCTBaMu
npubopa;

- ynpaenenve [13Y, onpegenswowmm nocrnegoBaTenbHOCTb WM 4acTOTbl  onpoca
N3MepUTENbHbLIX KaHaMNoB.;

- ynpaeneHne O3Y, obecnedvnBatoimm hOpMMpOBaHNE 3agepkaHHoOM MHpopMauuu;

- obMeH curHanamm ¢ 60pTOBbLIM BblYMCIMTENbHBLIM KoMmrekcom (BBK).

Paboty BCTK ocyLlecTBnsieTcsi, cCMOTpy puc.1, cnegywowmmMm obpasom:

Ha Bxogbl npubopa BKTM nocTynaiwT curHambl OT TenemeTpuveckux [OaTynukoB B

COOTBETCTBMM C NporpamMmon Tenemetpudeckux namepennin. bBKTM ocywiectensaet cbop, o6paboTky,
3anoMuHaHue 1 nepegady no 2-m paguvokaHanam TenemeTpuyeckon MHopmMauuu, npeacraBneHHoONn
NOTOKOM [ABOMYHbLIX UUppoBbIX curHanos. [Ba Bbixoga BKTM wucnomnbayotca Ans  Bblgayu
BMgeocurHana tenemetpudeckon nHgpopmaumm (TMW) Ha nepegatowme yctponctea metposoro (MM)
n geummetposoro (M) avana3oHa BOMH, TPETUMIN BbIXOA NpeaHasHa4vyeH Ans Bblgadn BuaeocurHana
TMW Ha koHTponbHo-nposepoyHyto annapatypy (KMA). lMpubop M ocywectBnseTr nepegady
TenemeTpuyeckon nHcopmauun B L — gnanasoHe Ha ogHom M3 crnegyrowmx vyactot 390 Mluy, 395
My, 400 MIu. TMpubop MMM ocywectBnseT nepegadvy TenemeTpudeckon WHdopmauum B S —
AnanasoHe Ha YactoTe 2257,5 M.
BbicokoyacToTHbIi Mogynb (BY) npubopa MM obecneunBaeT npeobpas3oBaHWe MOOYNMPYHOLLETO
BMAEOCUIHana B KBagpaTypHbli dpazomanunnynmpoBaHHbein QPSK BY curban. Mogyne CBY npubopa
MO obecneunBaer npeobpa3oBaHWe MOAYNMPYHOLLEr0o BUAEOCUMrHaNa B  KBagpaTypHbIN
dazoMaHuny-nupoBaHHbin  QPSK CBY curHan. Mogynn nwutaHus obecneymBatoT Bblgady
HeobxoaMMbIx HanpsxeHun ana moaynsa BY n mogyna CBY npubopos MM u N[ cooTBETCTBEHHO.
MpnGopbl MM n ML obecneunBatoT BLINONIHEHWE BHELLIHEN KOMaHAb! "BbikntoueHne reHepaummn”, npm
3TOM MOLLHOCTb HEeCyllel BbIXOAHOrO curHana crtaHoButca pasHoM 0. BbixogHble curHansl
npubopos M u N[ noctynaoT Ha 6OpTOBbIE aHTEHHO-(bMaepHbIe yCTporcTBa L n S gManasoHoB
COOTBETCTBEHHO. BbopToBLIE aHTEHHO-(hMAaepHbIE YCTPOMUCTBA L U S gmManas3oHOB npeaHasHayeHbl
0N U3NyyYeHnst CUrHanoB Ha Ha3eMHble KOMaHOHO-TeNneMeTpuyeckne CTaHUnN.

Mpnbop BEKTM obecneunBaeT:

- cbop 1 npeobpasoBaHNe CUrHANOB OT AATUNKOB (PUNHECKMNX BENUYNH;

- cbop n npeobpasoBaHNE CUrHANOB OT CXEMHbIX 4ATYMKOB;

- ONCKPEeTU3aLumio BXOLAHbIX U3MEPUTENbHBIX CUTHANoOB U UX BPEMEHHOE YNIIOTHEHWE;

- hOopMMpPOBaHUE CUTHANOB CrYXeBHON MHOPMaLMKM 1S CUHXPOHU3aumm pabotel HKTC;

- dopmmpoBaHue koga 60pTOBOro BpEMEHM;

- hopmMMpoBaHue MOMHOIO BbIXOAHOMO kagpa (BugeocwrHana), Bbigadyy €ro ogHOBPEMEHHO
Ha ABa nepegatyunka U Ha KOHTPOIbHbIV BbIXOA,

- 3anucb peructpupyemon TMW B onepaTuBHOe 3anoMuHaloLllee YCTPOUCTBO C
BO3MOXHOCTbIO €€ MOocCneaylLero BOCNPOM3BEOEHNS 4Yepe3 3aJaHHbld MHTepBan BpemeHn — 20
cekyHA 1 0bbeanHeHns ¢ HenocpeacTBeHHo nepegasaemont TMU B BbIXOAHOM Kaape;

- NuTaHuWe OTAenbHOW AaTYMKOBOW annapaTtypbl, NOAKNIOYEHHON K Bxogam BKTM;

- npvem n o6paboTKy BHELLHMX YNPaBASIIOLLNX CUTHATIOB;
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- 00OMeH curHanamm ¢ 6opToBbIM BbIMUCIIUTENBHBIM kKoMMnekcoM (BBK).

Mpubop BKTM obGecneumBaeT TeneMeTpMpoBaHUE MapameTpoB, YKa3aHHbIX B Mnporpamme
TenensMepeHnin, B TOM Yucne:

- aHarnoroBbIX HernpepbiBHLIX NapameTpoB (AHI) - 9 kaHanoB ¢ yactoTon onpoca 128 Iy n 3
KaHana c 4vactotonM onpoca 2048 [u. MakcumanbHas amnnuTyga BXogHoro curHana = 2,5 B;
ObicTpomeHsowmxca napametpos (BMI) - 4 kaHana ¢ yactoTon onpoca 2048 Iy,

- MaKkcumarnbHasi amnnuMTyga BXogHoro curdana + 2,5 B;
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Puc. 1. CtpyktypHasa cxema BCTK

- @aHamnoroBbIX NapameTpoB Mo u3onMpoBaHHbIM kKaHanam (M3K) - 3 kaHana ¢ YactoToun onpoca

128 'y n makcumarnbHOM amnnNuTygon BxogHoro curHana + 30 B, 4 kaHana ¢ yacTtoToun onpoca 512 Iy,
WU MakcumaribHOW aMnnuTyaon BXoAHoro curHana = 2,5 B, 4 kaHana c¢ 4actoton onpoca 512 Iy u
MakCuMarnbHOM aMnaMTygon BXoAHOro curHana + 10 B;

- penenHbix curHanbHbix NapameTpoB (PCI1) - 16 kaHanoB ¢ YacTtoTon onpoca 32 'u.

- MakcumarnbHas amnnuMTyga BxogHoro curHana + 30 B;

- 0AHoBuTHbIX napameTpos (OBIT) - 12 kaHanos ¢ YacTtoTon onpoca 1024 y. YpoBHU BXOAHOMO
curHana — TTL;

- uudposbix napametpos (LBI1) - 3 kaHana ¢ 4Yactoton onpoca 16384 4, ypoBHM BXOLHOIO
curHana — TTL;

- curHanoB oT becnnatdopMeHHon nHepumansHon cuctemsl (BUHC) - 32 kaHana ¢ 4YactoTom
onpoca 2048 I'y. YpoBHM BXOAHOro curHana — TTL;
CUTHanoB OT CMYTHWKOBOW HaBuraumoHHow cuctembl (CHC) no uHtepdericy NMEA 0183 - oguH 7-u
pas3psaHbIi KaHan ¢ YactoTom onpoca 512 Iy,
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Bnok BKTM (cm. puc.2) coctouT n3 mogynen cbopa n npeobpasoBaHus TENEMETPUYHECKMX
NU3MepeHnin n Mmoayns NUTaHus.

Mogynu coctosaT M3 yHUUMUMPOBAHHOIO Kapkaca npsMOYrosisHoOM ¢opMbl, K KOTOPOMY C
MOMOLLBID BMHTOB Kpenutca neyatHas nnata. [Ans obecneyeHus TennoBOro pexuma mMogyns
3NEeKTPOpPaguo3NieMEeHThI, Bbienswowme Haubonbllee KONMMYecTBO Tenna, YCTaHaBNMBAKOTCHA Ha
TENNOMPOBOASALLYIO LUMHY PACMONOXEHHYI Ha neyvyaTHOW nraTe M MAOTHO NpuMeralwLyo K Kapkacy
Moaynsa. Yepea pasbembl K OnoKy nogknwoyawTca  Kabenu OT  MNepPBUYHbIX  OAaTYMKOB U
npeobpasoBatenen. MexmoaynbHas KOMMyTaums B 6110Kke OCyLLECTBNAETCS C MOMOLLBbI Pa3beMOB,
YCTaHOBMEHHbIX Ha nevyatHon nnate. MexaHnyeckoe coenHeHne MOAyren OCyLLeCTBNAeTCa Mexay
cobo C noMoLWbi BUHTOB. bBnok [omkeH ycTaHaBNMBaTbCs Ha  METanMYecKkyl nnuTy,
BbIMOJTHAIOLLYIO POnb paauaTtopa.

Macca npubopa - He Gonee 3,5 Kr;

abapuTHble pa3mepbl - 227 X 48 x 131 Mm

YcTtaHoBoYHas nnowaab He bonee — 3,3-10 2m2

CTtpykTypa BbIXxogHOro kagpa BKTM.

Mcnonb3ayeTca (UKCUMPOBaHHLIM hopMaTt, KOTOpbIM B TeyeHMe nepefadnm He umeet
nepecTaHoBOK NocriefoBaTeNbHOCTEN, U3MEHEHUA B CTPYKType Kagpa, OANIMHE Unu pacronoXeHun
crnoBa v nHTepBane BbIOOpkM MU3MepsSemMoOn BenuuuHbl. B kagpe npucyTCTBYIOT Kak CroBa AaHHbIX,
Tak u cnyxebHble cnosa. [AinuHa noboro cnosa coctaenseTt 12 6ut. Ctapwuin 6utT umeet Homep 11.
[anee B npegenax cnosa GuUTbl HYMeEPYIOTCA MOCHefoBaTeNbHO B CTOPOHY YMEHbLUEHUS 3HAYeHus

paspsiga.

Pwuc. 2. BHewHwui Bua 6opToBoro komnnekca tenemetpun BKTM

[aHHble ¢ Boixoga BKTM nepegatotca B dhopmate IRIG 106-96, knacc |.

CnyxebHble crnoBa M crioBa faHHbIX O0ObeauHsTCA B Mnagwwue kagpbl. Mnagwun kagp
onpegenseTcs kak CTPyKTypa AaHHbIX OT Hadana KoMOuHaumy CMHXpOHW3aLMu Mmragwero kagpa go
Hayana kKoMOUHaLUMM CUHXPOHM3aUMK cneaylowero Mnaawero kagpa puvc. 3.

HAnuna 3192 6um unu 266 _cnos

0 2 3 4 - 9 10 11 265
| CMK | CuMK | MB |1 | 2 [ 3 [eoee | 256

Pwuc. 3. CtpykTypa mnagwero kagpa

CMK — cuMHxpoHu3aTop Mraglwero kagpa 3 crnosa);
CuMK — cuyeTumk MmnagLumx kagpos (1 crnoeo);

MB — meTka BpemeHu (6 cnos);

1...256 — cnoBa AaHHbIX.

B cocTtaB mnagLuero kagpa BXOAAT:
- CMHXpOHM3upytoLasa nocrnegosatensHocTs (0...2-e crosa),
- CYeTYMK Mnagwmx kagpos (3-e croso),
- MeTKa BpemeHu (4-e...9-e cnosa),
- crnosa faHHbIX (10-e.....265-e cnosa).
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CnoBa B npegenax wMragwero Kagpa HymepylTcs cnesa Hanpaso oTr O go 265.
CuHXpOHU3MpYtoLLasi NocneaoBaTeNbHOCTb COCTOUT U3 TpeX (PMKCUPOBAHHbLIX CITOB.

CueTunk Mnagwmx kagpoB npeacTtaBnseT cobon cyeTynk, obecneynBaroLLIMin eCTECTBEHHbIN
[OBOVYHBIV CYET, COOTBETCTBYIOLLMI HOMEPY MNajLlero kagpa B npefenax crapLiero kagpa.

Mocne pocTwkeHnss MakcumanbHoro 3HaveHus, C4MK ycTtaHaBnvBaeTcss B HavanbHoe
COCTOSIHME.

MeTka BpemMeHu npencrasneHa 3-9 cnoBaMm BPEMEHW, KaXKO0E U3 KOTOPbIX COCTOUT U3 ABYX
12-n paspsagHbIx crnoB mnaglwero kagpa. Bcero meTtka BpemeHu 3aHMmaeT 6 CroB MnagLiero Kkagpa.
CnoBa BpeMeHM 0003HayeHbl Kak "cTapluii paspsg”, "Mnagwui paspsa” u "mukpocekyHaa'. Cnoeo
BPEMEHN "MMKpPOCEKyHOA" MMeeT paspeluarollyto cnocodHocTb 1 mukpocekyHay. CnoBo BpemMeHwu
"Mnagwun paspsa’ MMeeT paspeluarollyto cnocobHocTe 10 munnucekyHn. Tak e B 9TOM CroBe
nepegatTca paspagbl, KpatHble 3HadeHuam 0,1 cekyHabl, 1 cekyHpa, 10 cekyHa. [daHHble B
"MnagLwem paspsage” nepefarotcs B ABOUYHO-AECATUYHON hopMme.

Mnagwwue kagpbl 06bEAVHATCS B cTapwme kagpbl. KonuyecTtBo Mnagwunx KagpoB B CTapLuem

Kagpe 3aBucuT oT nHcopmatmHocTn BKTM (tabn.l).

Tabnuua 1

MHpopmaTnBHoCTb Konuyectso mnagwmx kagpos B

cTaplLueM kagpe
n3Mm. cnos/cek P Aap

131072 128
65536 64
32768 32
16384 16

MepBblit MNagwWwWii Kagp B CTapwem kagpe [OKeH umeTb Homep “"Honb". Kaxabin
nocnegyowmn Mnagwvi kagp AOSMKeH HymepoBaTbCa nocnefoBaTenibHO B npedenax crapluero
kagpa. Onsa nobon nHhopMaTMBHOCTM ANUTENBHOCTL CTapLuero kagpa pasHa 0,25 cekyHabl.

CkopocTb nepegaym cnyxxebHow nHdopmauum onpegenseTcs no opmyne

Busm = 4 * Nenx * Nk,
roe,

Ngnx — KONIMYECTBO CNYXeOHbIX CNOB B MnaaLlem kagpe;
Nk — KONUYEeCTBO MMNajLlMX KaapoB B cTapLueM Kagpe.
Ona nHdopmaTUBHOCTH

Busw =4 * 10 * 128 = 5120
Haxoaum nHgpopmaTmsHocTe BKTM

| = (5120 + 131072) * 12 = 1634304 6uT/C.

MpuGop NA (S-TMTR)

HasHauyeHune

Mpubop T npegHa3HayeH pfAnsi nepefadM  Ha Hecywen 4actote uHGopMaLumu,
npeacTaBneHHOM NOTOKOM ABOWYHbIX LUMPOBLIX CUrHAMOB.

OcHoBHOe HasHayeHune npubopa— paboTa B cocTaBe GOPTOBON CUCTEMbI TENEMETPUYECKOIO
KoHTpons. BHewHwi Bua npnbopa M nokasaH Ha puc.4.

OCHOBHblE TEXHUYECKNE XapaKTepucTukn npubopa Ma

1. YacTtoTta Hecywen curHana - 2257,5 +0,045 M u.

2. OTKNOHEHUs1 Hecyllel 4acToTbl curHama OT HOMMHANbHOrO 3HayeHus - He Gonee +
0,002%.

3. lpubop BbIZAET B Harpy3ky ¢ conpotueneHnem R,=50 OM MogynvMpoBaHHbIN
BbICOKOYACTOTHBIN curHan. Tun moaynsauum - QPSK.

4. Mpnbop obecneunBaeT Tpebyemble napameTpbl Npu KOIPMDULNEHTE CTOSYEN BOSHbI U
HanpsbkeHust B Harpyske (KCBH) He 0Gomee 1,54 u coxpaHsieT paboTocnocoBGHOCTb Mpu
paboTtocnocobHocTb npu KCBH He ©onee 2,5.
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5. MowHocTb BbIXOOHOTO curHana npubopa (10t 2)B 1 m (5x 1) Br. BapwuaHThl
MCMONHEHUsT nNpubopa npeaycMaTpuBalOT Hecyllyt 4YactoTy curHana (F), MOWHOCTb M MHAEKC
MHOPMATUBHOCTU MOTOKA B COOTBETCTBUM C LUMCPPOM.

6. HanpspkeHne BHELWHEro NCTOYHMKA NMTaHMs NOCTOSAHHOMO Toka npubopa - 24 fg B.
7. Tok, noTpebnsembii NpuboOpoM OT MCTOYHWMKA NuTaHusa (24 fg ) B—He 6onee 3 A.

8. MowHocTb, noTpebnsgemas OT UCTOYHMKA nNuTaHusa (24 fg )B - He Bonee 72 Br.

9. YpoBeHb MOOOYHbIX W3NYyYEHUA OTHOCUTENbHO YPOBHSI HEMOLYJIMPOBAHHOW HecyLen
curHana He 6onee:
e npu MolHocTM npubopa P=5 BT (MuHyc 62 ab);
e npu MowHoctM npubopa P=10 BT (MuHyc 65 gb), UTO COOTBETCTBYET YPOBHIO
n3nyvyeHun He 6onee muHyc 25 ab.
11. BblknodeHue u3nydeHuss npubopa OCyLIEeCTBNSAETCA COEOMHEHMEM Mexay cobon
uenen «Off Gen +» n «Off Gen —«
12. Mpubop cooTeeTcTBYeT TpeboBaHMsaM He Gonee yem 4yepes 20 ¢ nmocne nogayun Ha
HEro MUTaHWs U BXOAHbIX CUrHanoB.
13. Macca npubopa - He Gonee (2,2+0,2) kr.
14. O6bem npubopa - He Gonee 1,8 am’.
15. NabapuTHble pa3smepbl npubopa - (192x159,5x58,5) mm.
17. Mpubop cooTBeTCcTBYeT 3agaHHbiM TpeboBaHMsSIM Mpwu  HenpepbiBHOW paboTe B
TedeHuwe [OBYX YacoB nNpW YCMNOBUM €ro YCTaHOBKWM Ha TEennooTBOASLLYIO MNOBEPXHOCTb,
obecneumnBatoLLylo TemnepaTtypy neperpeBa kopnyca npubopa He Gonee 15+C.

Puc. 4. BHewHui Bug npubopa MNA

Mpnbop MM 1 (L-TMTR)

HasHauyeHue

Mpubop MM 1 npegHasHayeH Ans nepefayM Ha Hecylwlen 4actotTe WHopmaumu,
npeacTaBneHHOM NOTOKOM ABOMYHBIX LMAPOBLIX cuUrHanos. BHewHun sug npnbopa MM nokasaH Ha
puc.5.

OcHoBHOe HasHayeHne — pabota B cocTaBe OOpPTOBOM CUCTEMbI TEMNEMETPUYECKOTO
KOHTpONS.

OCHOBHblE TEXHUYECKME XapaKTepucTuku npubopa MM

1. Macca npubopa M - He Gonee 1,2 kr.

2. O6bem npubopa MM1- He Gonee 0,73 Am°>.

3. MNabaputHble pasmepbl npubopa NM1 - (135x135x40) mm.

4. Tpubop BblgaeT B Harpy3ky R,=50 Om mMogynupoBaHHbIN BbICOKOYACTOTHbIN curHan. Tun
moaynsauum - QPSK.
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5. lMpubop obecneunBaetr Tpebyemble napameTpbl Npy KO3IPMULUMEHTE CTOSIHEN BOJSHbI U
HanpsikeHus B Harpy3ke (KCBH) He 6onee 1,4 n coxpaHsieT pabotocnocobHocTs npyu KCBH He Gonee
2,5.

MowHocTe BbIxogHOro curHana npubopa MM (5+1) Bt vnm (10+2) Br.

OTKIOHEHNS YacTOTbl CUrHana OT HOMMHaIbHOro 3Ha4YeHus - He 6onee +0,002%.
HanpskeHne BHeLIHen nuTatoLen ceTn NOCTOSAHHOMO ToKa cocTaBndaeT oT 22 o 28 B.
Macca npubopa MM - He bonee 1,2 kr.

10 O6bem npubopa MM1- He Gonee 0,73 am°.

11.MabapwuTtHble pasmepsbl npubopa NM1 - (135x135x40) mm.

12.Mpubop BblgaeT B Harpysky R,=50 OM MOAYNMPOBaHHbLIN BbICOKOYACTOTHLIA curHan. Tun
moaynsauum - QPSK.

13.Mpubop obecneumBaeT Tpebyemble napameTpbl npu KCBH He Gonee 1,4 n coxpaHseT
paboTocnocobHocTb npu KCBH He 6onee 2,5.

©oN

Puc. 5. BHewwHui Bug npubopa NV

14. MowHocTb BbIxoAgHoOro curHana npubopa MM (5+1) BT nnu (10£2) Br.
15.OTKNOHEHUs YacTOThbl CUrHana oT HOMUHaNbLHOro 3Ha4yeHus - He bonee +0,002%.
16.HanpsixkeHne BHELLHEN NUTaloLWEn CeTU NOCTOSIHHOIO TOKa CocTaBnseT oT 22 ao 28 B.
17.Tok, noTpebnsiembit NpMBopOM OT UCTOYHMKA NUTaHKsA oT 22 o 28 B - He Bonee 2 A.
18.MoLuHOCTb, NoTpebnsemass UCTOYHUKOM NUTaHUS - He bonee 48 BT.
19. YpoBeHb MOBOYHBIX W3MYyYEHWA OTHOCUTENbHO YPOBHS HEMOOYNMPOBAHHOW HeCyLlewn
curHana He 6onee:
. npu MoLLHOCTM nepepaTtymnka P=5 BT (MuHyc 62 ob);
. npy MoLwHocTn nepegatynka P=10 BT (MuHyc 65 gb), 4TO COOTBETCTBYET YPOBHIO
n3nyyeHun He bonee MuHyc 25 obmMBT.
20. 99% MOLLHOCTU BbIXOAHOrO CUrHana cocpefoTodeHHO B npefenax nonockl 9,65 Fg (Fg-
CKOPOCTb Nepeaayn).
21. BblknoyeHne usnyvennsi npubopa ocyLlecTBnseTcs coegmHeHem curHana “Off Gen” ¢
MUHYyC 24 B.

BopToBble aHTeHHO-(hnAaepHbIe YCTPOUCTBA

BopTtoBble  aHTeHHO-uAepHble  ycTpoictBa L- wm S-Avana3oHoB, puc.6
puc.7,npegHasHayveHbl 4ns npeobpa3oBaHUs aNEKTPUYECKMX CUrHanNoB GopToBbIX nepedatymkos MM
u M4 B anekTpoMarHMTHoOe norne, uarnyyaemoe B achup.

TexHUYeckue AaHHble
Monoca pabounx 4acToT:
- (385+405)MI'y anga L-gnana3soHa;
- (2257,543,5)Ml'y onsa S-guanasoHa.
BonHoBoe conpoTtunexune - 50 Om.
KoadduumeHT 6eryuiern BonHel (KBBH) - He meHee 0,75.
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KoadhpmumneHT nonesHoro gencreus - He meHee 0,8.
YCTONYNMBOCTb K MEXAHUYECKUM U KITUMATUYECKUM BHELUHUM BO3AENCTBUSAM:

Macca:

Bnbpauun (10+2500)u;

NuHenHble neperpysku go 12 g;

yaapsbl, npogormkuTenbHocTelo 4o 10 Mmc ¢ yckopeHnem o 20g;
oKpyxatoas Temnepatypa ot muHyc 40 °C go nntoc 55 °C;
aTMoccepHoe aaererme (1-10°+1600) Mm pT. CT.

(0,4+0,05) kr onsa aHTeHHb! L-gnanasoHa;

(1,0+0,1) kr c cornacywwum YCTPOWCTBOM U kabensmMu c pasbemamu Ans
aHTEeHHbI S-gmnanasoHa.

NanyyeHne pagnocurHanos — HanpasfeHHoe.

BepoatHocTb 6e30TkasHon paboTkl - 0,999.

Puc. 6. BHeluHWn BUA, aHTEHHbI L- Puc. 7. BHelwHWn BUO, aHTEHHbI S-  auanasoHa

avanasoHa

JNutepaTtypa:

l.Hasapos A B, "M Kosbpes, N B.lLlwnTto B wu ap. CoBpeMeHHasa TenemeTpus B TEOPUN U Ha
npakTuke. Y4ebHbin kypc - CaHkT- MNeTepbypr. Hayka n TexHuka, 2007.- 672 c.
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Knrovyoeu Aymu: AkearnnaHm, akearnoHuK, 6uo xpaHa

Pesrome: ,AkeannaHm’ e uUHMespupaHa asmoMamu3upaHa cucmema Om [10/y3ameopeH mun 3a
rpou3sodcmeo Ha eKO/I02UYHO HYUCMU pacmumesiHu U akeaky/nmypu 8 KoHmposupaHa cpeda. Ts obesneyasa
anapamypHO edHa u3KycmeeHama ekocucmema C HellHume OCHOBHU 38eHa: rnpodyueHmu (8ucluU pacmeHus),
KoHcymeHmu (pubu) u pedyueHmu (6akmepuu). Besiko 36eHo ce noddwpxa om omdernieH Modyn Ha cucmemama,
Kkamo mexdy omodenHume MOOynu ce ocbujecmssiéa MPEHOC Ha OopeaHUYHU U MUHeparnHu eeujecmea 8
HerpekbCcHam pexum. [MpedeudeHa e 3a u3nonsgeaHe OCHOBHO 8 OOMawWHU yCrI08US, Kakmo u 8 uHOycmpusma.
OmenexdaHume akeaKynimypu U pacmeHuUsl we ocuaypsieam doMakuHcmeama C fpsiCHa, eKo/102u4YHo yucma u
30pasocriogHa xpaHa uyenozoduwHo. Cucmemama we rnpumexasa u buo-peyuknupawiu QyHKUUU —
rnodbpaHume sudose pubu we ca 8cesiOHU, KOemo we no3eosiu me 0a ce xpaHsam He caMo C Heusror3eaHama
om 4oseka buomaca Ha omenexOaHume pacmeHuUsl, HO U ymusiuaupaHemo Ha XpaHumesHu ommradbyu om
domakuHcmeomo. Taka ,AkeannaHm” cucmemama we wadu MakcumasiHoO OKoslHama cpeda, ornosnzomeopsisalku
op2aHuyHUmMe omnadbyu. Cucmemama we yrnpaessiiga asmomMamu4yHO napamMempume Ha KynimusauuoHHama
cpeda, ocueypsisaliku onmumMarsieH pacmex U paszsumue Ha bUuokKynmypume u MakcumarneH 0obus Ha buomaca.
lpedsuxda ce npogexdaHemo Ha ekcriepuMeHmu ¢ okono 15 copma xpaHumenHu u 2 euda pedKu U UeHHU 3a
meduyuHama pacmeHusi 3a ycmaHoesieaHe Ha cmoUHocmume Ha me3u rnapamempu.

“AQUAPLANT” SYSTEM FOR PRODUCTION OF ORGANIC FOOD
IN CONTROLLED ENVIRONMENT

lvan Grigorov', Tania Ivanova®, Yordan Naydenov?, Grigor Zehirov®, Georgy Atanassov*

1Ubgrade Technologies Group Ltd.
e-mail: ivan.grigorov@ubgrade.com
2Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: tivanova@space.bas.bg, yordan.naydenov@space.bas.bg
%Institute of Plant Physiology and Genetics — Bulgarian Academy of Sciences
“Institute of Biodiversity and Ecosystem Research — Bulgarian Academy of Sciences

Keywords: Aquaplant, Aquaponics, Organic Food

Abstract: “Aquaplant” is integrated automated semi-closed system for organic food production of plants
and aquacultures in controlled environment. It ensures the appliances of an artificial ecosystem with its basic
parts: producers (higher plants), consumers (fish) and decomposers (bacteria). Every part is supported by
dedicated module of the system, and organic and mineral substances are transmitted between the separate
modules. It is designed primarily for domestic use, yet it is applicable to industrial use as well. The production of
aquacultures and cultivated plants will provide the household with fresh, organic and health food all of the year.
The system will also have bio-recycling capabilities — the selected fish species will be omnivorous, which will allow
them to feed on those parts of the plants, which are not used, as well as on the food scrapes from the household.
Thus, the “Aquaplant” system will protect the environment by reduction of organic waste. A software control of the
system using appropriate values of the cultivation environment parameters stored in a database will ensure
optimal growth and development and a greater biomass production. A set of experiments will be carried out,
employing about 15 sorts of edible and 2 species of rare and valuable medicinal plants.
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ABTOMaTu3aMpaHa cucteMa ,,AKBannaHT”

Cuctema ,AkBannaHT” e aBTomMatuavMpaHa yCTaHOBKa OT Mosy3aTBOPEH TWN 3a OTrnexaaHe u
NPOU3BOACTBO Ha OpraHuMYHa XpaHa (pacTeHus U akBaKynTypu) B AOMaLLHKM ycroBus. Tsi cbabpxa
TPUTE OCHOBHWU TPOMUYHM 3BEHA Ha efHa eKocucTeMa — MpoAyLeHTu (B crny4vasi NOKPUTOCEMEHHU
pacTeHusl), KOHCYMEHTU (CnagkoBogHM BUAoBe pubu) n peayueHtn (bakrepuanHu kyntypu). o T03m
Ha4MH Ce OCbLLECTBSIBA YaCTMYEH KpbroBpaT Ha BeLlecTBaTa, KaTo CblLUEBPEMEHHO ce MNoaabpXxa
cTatmyeH GanaHc Mexay noctenunute B CUCTeMata U oThaageHuTe (I/I3I'IOJ'I3BaHVI oT qoaeKa)
XpaHuTenHu BeulectBa. CuctemaTa uma BTOpudHa OBuopeuuvknupawia yHKUUMA C HUCKU TeKyLu
pasxoan — noabpaHnTe BMOoOBE pubM Le ca BCESAHW, KOETO Liie NO3BOMM Te Aa Ce XPaHAT He camo C
HeusnomnseaHata OT 4YOBeka OMOmMaca Ha OTIMEeXOaHWTe pacTeHusi, HO W YTUNN3MPAHETO Ha
XpaHuUTenHu otnagbuM OT AOMakMHCTBOTO. OCHOBEH €HeprMeH MW3TOYHWK 3a cucTemaTa e
enekTpuyeckaTa eHeprus 3a 6uTtoBu Hyxau. MNpegBwkaa ce M3NonN3BaHe M Ha ClbHYeBa CBETNWHA
ypes3 cUCTEMA OT KOMEKTOPU U ONTUYHU BakHa.

M aquaplant

|

2. BogeH BacenH

5. CnomaratenHm Y-ea 4. Buodpuntpm

®ur.1. MpuHumMnHa 6nokoBa cxema Ha cuctema ,AksannaHt”

Cuctema ,AkBannaHT” e NpoekTupaHa Ha MoAyNeH NPUHLUMM, KOWTO OTpassiBa Hanu4MeTo Ha
CbOTBETHWTE 3BEHa Ha Mory3aTtBopeHaTa ekocucTtema. KbM ToBa ce g06aBAT M M3MCKBaHMATA Ha
aBTOMAaTU3MPaHOTO M MEeXaHuU3WpaHO yMnpaBfeHWe Ha napameTpuTe Ha cpedaTa U AeWHOCTTa Ha
cuctemata kato usano. lNpuHumMnHaTa OnokoBa cxemMa Ha cuctema ,AkBannaHT” e pgageHa Ha
durypa 1, Ho cuctemaTta MOXe fa ce KoHdUrypmpa no xenaHue:

1) bBnok YnpaeneHune — KOHTpoNnuMpa napaMeTpuTe Ha cpegata W ynpasnssa

M3NbAHUTENHWTE YCTPOWCTBA, OCbLUECTBABaWKM aBTomatu3avpaHata paboTta Ha
OoTAENHWUTE MOy N cUcTeMara KaTo Lsro;

2) BopgeH bacenH — Mopgyn ,,AkBakynTypu”, B KOUTO ce oTrnexagaT puouTe;

3) PactutenHn Mogynu — kamepuTe B KOUTO Ce KynTUBMpaT pacTeHUsTa; CbCTOAT ce OT ABe
30HU — KOPEeHOBa M NMUCTHA, B KOUTO Ce nogabpxa HeobxogumaTta cpefa 3a passBuThE Ha
KopeHoBaTa cucTemMa W Hags3emMHaTa 4acT Ha pacTUTENHUTE OpraHM3MK, KakTto U oT
BriokoBe 3a ocBeTneHue 3a ocbluecTBsiBaHe Ha hoTOCUHTEe3aTa; npeaswxaaT ce aBa
TUNa Moaynum — 3a HUCKOCTeBNeHn 1 BUCOKOCTEONEeHN pacTeHus;

4) bBuoduntpn — OGakTepuanHu GuodUNIMM 3a peaykuMsi Ha OpraHWYHW BellecTBa OO
MWHEPanH1 Conmn N MUKPOENeMEHTH;

5) CnomaraTtenHu yCcTponcTBa — BCUYKWU U3MBLIAHUTENHW YyCTponcTBa (BOOHM MOMMM,
BEHTUNATOPW, HarpesaTenn, BEHTUAM 1 Ap.).
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PactutenHun moaynu

MpepBwxga ce 6a3oBaTa KOHUrypauus Ha cuctemMaTa Aa CbAbpXa HSKOMKO pacTUTENHU
mogynm (PM) ¢ aBTOHOMHO ynpaBrneHue Ha KynTuBauuOHHATa cpeda B TaX. ToBa e ocurypwm
Bb3MOXHOCT 33 €OHOBPEMEHHO OTIMeXAaHe Ha HHAKONKO BWMAOBE/COPTOBE KymnTypu, crnopej
CbOTBETHUTE UM U3UCKBAHWS 1 CbODOpPa3HO CbC CTaaus Ha pasBuMTUE U TeKyWwnsa prannormyeH crartyc
Ha pacTeHusaTa.
MopobHa nonysaTBopeHa cucTemMa 3a criegeHe M nogabpXkaHe Ha ONTMMarnHu YCnoBus B
cpepata 3a oTmnexpgaHe Ha pacTeHuss B 6GeaternoBHocT 6e paspaboteHa 3a KocmuueckaTa
opanxepus (KO) CBET [1]. B Hea 6sixa oTrnegaHy nbpBUTE ,KOCMUYECKU” 3ereHdYyun 1 B
npoabmkeHme Ha 10 roauHy 6sixa OCBLUECTBEHM OT peauua MeXAyHapOAHW eKunaxv YHWUKarHu
€KCMePUMEHTM C pasnunyHu BMAoOBe KynTypu Ha 6opga Ha OpbutanHata ctaHums MUP [2,3]. Bewe
[OKa3aHo, Ye pacTteHusiTa (QOpW U 3bpPHEHWTE, KaTo MueHuuata, C MHOTOMECEYEH BeretauyMoHeH
UMKBIT) MoraT ga ce pas3BuMBaT HOPMAarnHO MpuU nunca Ha rpaBuTaums M ga 6baaTt n3nona3saHu oT
eKknnaxuTe 3a xpaHa 1 npevymcTsaHe Ha Bb3gyxa npv 6baelimTe nM gbrocpoYHN MUCHN.
CpepaTa BbB BCeku otaeneH PM e pasgeneHa no dyHKUMOHANeH NpusHak Ha KOpeHoBa U
nucTHa 30HW. ToBa pasgeneHve ce NocTura U Ha HUBO MeXaHWYHa KOHCTPYKLMS, KOETO € CBbP3aHo C
HaynHa Ha ynpasneHue Ha napaMeTpuTe Ha cpeavTe B ABETE 30HM:
1) KopeHoBa 30Ha — Crnyu 3a JOCTaBsAHE Ha XpaHUTENHWUA pas3TBoOp A0 KOpeHoBaTa cuctema
Ha OTrMeXaaHUTe pacTeHus, KaTo ce OcurypsiBa MOCTOSHEH KOHTPON Ha BRaXHOCTTA,
TemnepatypaTta 1 ra3oBusi CbCTas (KOHLEHTpaUMS Ha KNCNOPOA U BbIMEepPoAeH ANoKeua).

2) JlnctHa 30Ha — Bb3gylwHaTa cpefa, B KOSATO Ce pas3BuMBaT pacTeHusATa B YCMOBUSA Ha
NOAABPXKAHM: MNPOOBIDKUTENIHOCT Ha [eHs W HolwTa, Heobxoaumute CBETNMHHU
napamMmeTpu, TemnepartypaTa, BMaXXHOCTTa M CKOPOCTTa Ha Bb3Qyxa, KOHLEHTpauus Ha
BbINepoaHus anokeug [4,5].

TexHonoruATa Ha OTrMneXaaHe € aepornoHWK. XpaHUTENHMAT pas3TBoOp Lie ce JocTaBs [0
KOpeHuTe nocpeAcTBoM TpbbHa cucTtemMa U e ce BNpbCKBa Mo HansraHe BbB BUA Ha aepo3osiHa
mbrna B KopeHoBata 3oHa (K3). MI3TOYHMK Ha XpaHUTENHWSI pas3TBOp € BogHaTa cpeda Ha NpoLeCcHUs
Moayn akBakynTtypu. [lpeam TpaHcnopTupaHeTo Ha pastBopa Ao K3, Toi npemuHaBa npes
DakTepmanHn 6uohmnTpn M ce aHanuaupa 3a HMBO Ha CONEHOCT, KMcernuHHocT/ankanHocT (pH) u
KOHLEHTpauus Ha MUKPO- U MaKpoerneMeHTU (HUTpaTu, HUTPUTKU, aMOHUEBW KaTUOHM, cyndaTn 1 NOHN
Ha makpoenemeHTn). Mpn HeobxoanMocCT, BanaHChbT B XMMUYHUS CbCTBA Ha XpPaHUTENHUS pa3TBop ce
Kopurnpa o onTUManHuTe 3a HyxauTe Ha cboTBeTHUs PM cTorHocTu. o Bpeme Ha pasBoviHaTa
dasa Ha npoekTa W cucTemaTta LWe ce nposedaTt peauua eKCnepumMeHTU Npu M3NonsBaHe Ha
XpaHuUTenHW pas3TBOPWM C pas3nMYeH CbCTaB, 3a Ja Ce MonyyaT AaHHUM OTHOCHO OMTUMarnHuTe
KyNTUBAUMOHHN Cpeau 3a CbOTBETHUTE BWAOBE M COPTOBE paCTEHMsl, KaKTO M 3a HeOoOXOAMMOTO
BapupaHe B CbCTaBa MM Npe3 OTAEMNHUTE eTanu Ha TAXHOTO BEreTaTMBHO M PENPOAYKTMBHO pasBuTue.

JInctHata 3oHa (J13) we ce ocBeTsBa C u3nonsBaHe Ha cBToanoaHn brnokoBe 3a ocBeTneHne
[6]. CnekTpanmHWAT CbCTaB M MHTEH3UTETBT Ha CBETNMHATa LWe Ce nogabpXaT B ONTUManHu 3a
CbOTBETHUTE PaCTEHUs TpaHuLUM, KaTo B Mnpoueca Ha KynTvBauusa Te LWe morat ga ce WU3MeHsAT
AnHamumyHo. Cepus ekcnepMMeHTU Lwe MOMOrHe 3a YTOYHSIBaHEe Ha CTOMHOCTUTE Ha Te3U CBETIMHHM
napameTpu. B J13 we ce cTtpemMMMm KbM OnpegensHeTO Ha XNOPOUIHO CbAbpXaHue K pacTexa
(nucTHa nnow, BMCOYMHA Ha HaA3eMHaTa YacT Ha pacTeHusaTa).

MapameTpute Ha cpepata B K3 1 JI3 we ce crnegat n ynpaensBaT B HEMPEKbCHAT PEXUM,
KOeTo Lle No3Bonu cHabasiBaHETO Ha pacTeHuaTa ¢ GanaHcupaH XpaHWTeneH pa3TBoOp U MOCTOSIHHM
yCnoBus Ha Bb3gyLlHaTa cpea BbB BCEKU KOHKPETEH MOMEHT OT MpoLeca Ha pacTex 1 pasButue Ha
KyntusnpaHute B PM pacteHus.

BopeH 6acenH (Mmoayn akBakynTypw)

MpouecbT Ha oTrnexaaHe Ha pUBHUTE KynTypu ce Npeaxoxaa OT Cb3faBaHe Ha ycTonynBa
cpepa BbB BogHusa OaceniH (BB). Toea BkntovBa AOCTUraHe Ha OMpeferieHo HMBO Ha MuKpodhopa:
MUKpOBOZOpacnu, ununMaT n 6aktepmm, KOETO Ce OCbLLECTBSBA aBTOMATUYHO.

OTtnagbT OT BOAHaTa cpefa crnedBa fga npeMuHaBa npes3 6uodmntbp, KbaeTo ce obpaboTea
n oborataBa c AOONBbIIHUTESNTHN  eJfieMeHTH, HGO6XO,EI,I/IMI/I 3a NbJIHOUEHHOTO Wu3XpaHBaHe Ha
pacteHusATa. [lony4yeHnsaT pasTBop LWe MuHaBa npes npoueceH Moayn 3a pacTUTenHU KynTypu, B
KOWTO LUe ce MpoBepsiBaT M 3anucBaT BCUYKM MapameTpu Ha BeLlecTBaTa, CbCTaBsim oborateHust
XpaHUTenNeH pa3TBoOp 3a pacTeHusiTa. EgBa ToraBa pas3TBopbT We Obae npeHacsiH kbM mogynute K3,
KbAETO U3XpaHBAHETO Ha pacTeHusTa e Ce OCbLUECTBSBA Ype3 BNPbCKBAHE MO, HansiraHe.

B npouecHute moaynu we 6baaTt perynupaHe napameTpu Ha pasTBOpUTE Heobxoaumu 3a
pUbHUTE W pacTUTenHUTe KynTypu. [NapameTpute Ha cpepaTa, KOUTO Ce CreasT M nogabpXkaTt B
CbOTBETHUTE rpaHULM ca:
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v' TpoueceH mopyn akBakyntypu Ha BB — pH, coneHocT, pasTBoOpeH KUCropon, aMOHSK,
HUTPUTW, HUTPaTK, bocdaTth, NOHEH CbCTaB, TEMMNEepaTypa, OCBETEHOCT;
v TlpoueceH Moayn pacTuTenHu Kyntypu Ha PM — pH, aMmoHsik, HUTpaTu/HuTpuTK, pocdaTn,
cyndaTtu, Kanun, Kanuum, HaTpuin, aMOHUEBU U MarHe3neBn NOHM.
LUle 6bmatr nogbpaHn BcesgHu BuaoBe pubu, KOUMTO ca HanmumdHm B Bbrrapus n ca Ha
[OCTbMHA LeHa, kaTo pubuTe LWe MoraT fa ce XpaHsT C KOPEHUTE Ha pacTeHUATa, KakTo U € YacT OT
OpraHU4yHUTE XpaHUTENHN oTnaabun OT AOMAKUHCTBOTO.

Bnok ynpaBneHue

BrokbT 3a ynpasneHue (BY) LWe KoHTponupa NO 3ajajeHu anropuTMuM napamMeTpuTe Ha
cpeparta, KaTto MepuoAMYHO e 3anucBa WM npefaBa [aHHUTE 3a aHanM3 Ha CbCTOSHUETO KbM
LUeHTpanuanpaH cbpBbp 3a 06paboTka M kopekuus. bnarogapeHve Ha HaTpynaHus onuT B
paspaboTkaTa Ha BY 3a KO CBET, 1031 6rnok ce onTummuanpa B CbOTBETCTBME CbC CbBPEMEHHUTE
TEXHUYECKN CPeAcTBa 1 TexHonorum [7].

BbnokbT 3a ynpaBneHve Wwe cnegu M nNoaabpXa B CbOTBETHUTE rPaHMUM HMBaTa Ha
napameTpuTe B CiegHUTE ropeonucaHy MOy mnu:

v" KopeHoeaTa 30Ha Ha PM

v" JluctHaTa 3oHa Ha PM

v' BopgHuaT baceiiH

v' TpouecH1Te Moaynu

MHTepdenchbT YyoBek-MalLMHa We npegocTaBs yoobHWM cpefcTBa 3a HacTponBaHe paboTtaTa
Ha cucTemaTa OT CTpaHa Ha noTpebuTens, KakTo 1 3a obpaTHa Bpb3Ka C HEr0 — CEH30PEH eKpaH Lue
nokasBa CbCTOSIHUETO Ha BCEKM eAunH pacTuTeneH Moayn v ¢pasaTa Ha pas3BuUTME Ha CbOTBETHaTa
KynTypa, KaTo Le MMa Bb3MOXHOCT 3a CBOEBPEMEHHW Kopekuuun. Kopekuuute we Obaar
U3MbJIHSABaHM CbOOpa3HO crneuManHo 3ajafeHV HMBa Ha [OCTbM Chnoped ekcneptusarta (Hanp.
aKBaKynTypw, pactuTenHu Kyntypu). B npogykra, KOMTO e ce pa3npocTpaHsiBa Ha nasapa, Cbllo ce
nnaHvMpa BHeOpsiBAHETO Ha HMBA Ha OOCTHM, KAaTo Ta3n PyHKuuA we 6bae akTuBMpaHa eguHCTBEHO
Mo XenaHue Ha knueHTa. Yeb-6asnpaH nHtepdenic we no3sonssa otaaneyeH AOCTbN U yrnpaBneHue
Ha uanata cuctema. Cuctemarta we uma n dyHkumsa ,CnegeHe v u3BecTdBaHe 3a MHUMOEHTM® no
enekTpoHHa nowia (e-mail) n ypes KpaTkm TEKCTOBU CbOBLLIEHMS (SMS).

BbrokbT 3a ynpaBneHue Lie OCbLUEeCTBABA aBTOMAaTM3MpaH KOHTPON BbpxXy paboTarta Ha
N3MbMHUTENHUTE YCTPOMCTBA Ha akBanmaHT cuctemarta. Ton e nogabpxa TeKyLmTe CTOMHOCTU Ha
napameTpuTe Ha cpeauTe B OTAENHUTE Moaynu B nNpefBapuUTenHO 3afafieHu rpaHuumn — onTuManHm
3a pactexa M pasBUTUETO Ha CbOTBETHUTE opraHuamu. B ponbnHeHve, we 6baoe mM3BbpLIEHA
WHTErpaums Ha cuctemarta c Jlabopatopusita MO KOMMIOTbLPHO MOAENWPaAHEe Ha CTPYKTypu 3a
ONTOENEKTPOHMKaTa, KOETO Lie MO3BOMM aHanu3 Ha CbCTOSHWETO Ha cpejata M BupTyarnHa
CMMynauus Ha pacTexa Ha pacTeHusaTa no 3agageHu anroputmn. O4yakeBa ce Mo TO3W HayvH Ada ce
npeaswxgaTt NpOMEHUTE B cpedarta v NOTBbPXKAABaHETO Ha anropuTMuTe 3a ynpaBneHue Ha 6asa
n3cnegsaHe Ha rotoBaTta NpoayKuus.

EKCHepVIMeHTanHVI TecTtoBe

Cnep n3paboTBaHeTO Ha TexHomnornmyeH obpasey Ha cuctema ,AkBannaHT” ce npegswxaa
npoBeXxZaHeTo Ha peguua eKkcnepumeHTn ¢ nogbpaHuTe okono 15 copTa xpaHuTenHu (rnasBHO
3eNeHYyKoBU — canatu, 3ene, nyK, penuukn, rpax u ap.) u 2 Buaa peakm v LeHHW 3a MeguuuHata
pactutenHn sugose. Mo Bpeme Ha onutute We 6baaTt cnefeHy M HU3MONOrMYHUTE NapameTpy Ha
pacTUTENHUTE KynTypw.

[neTonor, CbBMECTHO CbC crneunanucTt no U3nMororns Ha pacteHusaTa, LWe onpegenu 15
Buaa/copTa pacTeHus, MpeacTaBuUTeNnuM Ha BbrnexvapaTHU/HUWECTEHW, NMPOTEVMHOBU U HeyTpanHu
xpaHu. Npeasmxaa ce HaNMMUMETO Ha MOHe TpU BUAa 3a BCAKa OTAenHa xpaHwuTtenHa rpyna. o to3u
HauvH wWe Obae ocurypeHa Bb3MOXHOCT 3a MbMHOLEHHO M pa3Hoobpas3HO pacTUTENHO MEHHO.
Mpoayktnte we 6baaT noabpaHu uaMexagy Han-usnonseBaHuTe B noTpebuTenckara KowHuua B
Bbbnrapus.

Mo Bpeme Ha ekcnepumeHTUTE NO OTpaboTBaHe Ha TexHonornsTa 3a oTrmexaaHe Ha
pacTeHusiTa LWe ce M3BbplwBaT U MOPOMETPUYHU M3MepBaHUsA (ObIMKMHA Ha CTbOMOo, KOpeH,
MEeXOYBb3Iuns), KONIMYECTBO HaTpynaHa Buomaca, BMoPU3NYHN N BUOXUMUYHN aHanNN3n — aKTUBHOCT
Ha OTOCUCTEMUTE, WMHTEH3MBHOCT Ha TpaHCnupauusi, YCTU4Ha MNPONYCKNUBOCT, XMOPOMUITHO W
6enTbyHM CbAbpXKaHWe, KakTo WM OuUeHKa Ha OpraHonenTu4HWTe kadvecTBa. [laHHMTe OT Tesu
M3MepBaHUA N aHanusu LWe MnokaaT KoM ca rpaHMuuTe Ha napameTpuTe Ha cpeparta, B KOUTO ce
Habntogasa onTumareH pacTex n MHTEH3VBHO pasBuUTWE Ha NoabpaHuTe BUAOBE pacTeHudaTa.
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B pesyntar, we O6bae paspaboteH codpTyep c 6asa [AaHHW, KOWTO Lie o3BONsBa
aBTOMaTU3MpaHe Ha OTINEXAAHETO HA BCEKU eAMH OT M3bpaHuTe Mo NpoekTa BMOoBe. V3nonssamnku
OaHHWTE OT CeH3opHaTa cucTemata, coTyepbT Le KOHTponuMpa napameTpute Ha cpepaTa
OVHAMWYHO, 4pe3 M3MbIHUTENHUTE MEXaHW3MW Ha akBamnfiaHT cucTemaTa, 3a Ja ocurypu Hau-
NMoaXoAsLIM YCrOBUSl 3a pacTex U pasBUTUE Ha akBa- U pacTUTenHuTe Kyntypu. C uen nocturaHe Ha
MaKkcMmarnHa aganTUBHOCT CNpAMO HEeNnpekbCHaATOTO pa3BUTME Ha Nnaldapa, NPOeKTbT npenBunXaoa
cucTemMata 3a MOHWUTOPWHT Aa 6bae oTBopeHa 3a JobaBsiHE HA HOBWU CEH30pM, U C Bb3MOXHOCT 3a
aKkTyanuaupaHe Ha codTyepa.

MpunoxeHue

C uen nocturaHe Ha MakcumarHa rbBKaBOCT CNPSIMO HYXXAMTE N Bb3MOXHOCTUTE Ha KNNEHTa,
ocBeH 0a3oBWMs MPOTOTMN C BCUYKM rOpenm3bpoeHVM Moaynu, Ha KIMEeHTUTe e ce npegoctaBs U
Bb3MOXHOCTTa camu Aa m3bupart 6pos 1M Buaa Ha PactutenHute mogynuv, KOMTO npegnodvTtaT ga
OboaT BKMYEHM KbM JoMallHata um cuctema. lNpegBmxkga ce U Bb3MOXHOCT, MO XXenaHue Ha
KNueHTa, MoAdynuTe a ce opraHn3npar Taka, Yye a ce OCUrypu akLeHT BbpXY aKkBakyntypuTe.

PaspaboteHusaT no npoekta copTyep 3a MHTEH3VMBHO OTINEXAaHe Ha akBa- U pacTUTErHM
KynTypw LLe OCUrypm Bb3MOXHOCT U 3a obxBallaHe Ha JOMbIHUTENHN Na3apw. o 3asiBka Ha KnueHTa
e ce npoussBexaaT v crnobsasaT pasnuyHn No pasmep N OYHKUMOHANHOCT akBanmaHT-CUCTEMU —
Hanp. 3a pecTtopaHTW, marasuHu, depmMu U T.H, cned CbOTBETHO KOHMUrypupaHe Ha cuctemaTa
CbINacHo 3agajeHnTe napameTpu.

MpuHUMNBT Ha paboTa Ha ,AKBannaHT” cMcTemara Lie e yCTaHOBEH, HO camaTa yCTaHOBKa Lue
MOXe Aa ce Malwabupa CnpsiMO HyXAUTe Ha HeWHWTe NOTPedUTenu M KOHKPETHOTO M MPUIOXEeHMWe.
Cucrtemata npuTexasa OrpoMeH MoTeHuuarn M Bb3MOXHOCTM 3a Aa OTroBOPW Ha HapacTBalloTo
TbpCeHe Ha 34paBOCMOBHA N €KOMOrMYHO YMCTa XpaHa.

opensnoxeHnsaT npoekt 6e odopMeH KaTo MNPOEKTHO MpeasioxeHve W nogadeH 3a
pasrnexpgaHe no Ol ,Pa3BuTne Ha KOHKypeHTOCNOCOOHOCTTa Ha Gbnrapckata nkoHomuka” 2007-2013
B pamkmte Ha cxema BG161P0003-1.1.05 ,PaspabotBaHe Ha WHOBauuM OT CcTapTUpaLum
npeanpusatusa”. Cnea NpoBeXOaHEeTO Ha OueHKa M npefBaputeneH nogbop 3a ocurypsisaHe Ha 90%
Oe3Bb3Me3gHa uHaHcoBa nmnomow, € knacupaH ¢ Pewenne Ne MCIM-01-1/17.01.2012 Ha
M3nbnHutenHaTa areHuusa 3a HacbpyaBaHe Ha Mankute un cpegHute npeanpuatua (MAHMCIT) kbm
MwHWCTEepCTBO Ha MKOHOMUKATa, TpaHcnopTa 1 Typuama.

,bbrpeng TexHonogxuc Mpyn” OO[ e koMnaHus, nogkpensiwia uHuUMaTMBuTE 3a onasBaHe
Ha okonHata cpepa. Ta npedswxaa Aa cb3gage v NporpamMa 3a peunknupaHe Ha NpoaykTa ¢ peguua
npedepeHumnanHm ycnosus, cnep nyckaHe Ha cuctemarta Ha nasapa. B gonbnHeHue, KomnaHusTa Lwe
ocurypm rapaHums ot 15 roamHu 3a ekcnnoartaums Ha cuctemara.
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A6cmpakm: C yen onmumMmusupaHe Ha ceemiluHHUMe Xapakmepucmuku Ha 6rioka 3a oceemrieHue
(BO) Ha kocmuyvecka opaHxepusi Ha ceemoduodu u rnodbopa Ha rnodxodsWume UHMeH3uUmem U criekmparneH
cbcmae ca u3credsaHu MOPhOMEMPUYHUME Xapakmepucmuku U ¢homocuHmemuyHama akmueHOCm Ha
pacmeHuemo rnucmHa uyukopusi. llpoeedeH e ekcriepumeHm ¢ 2 modugukauuu Ha BO npu ceemnuHa ¢
uHmeH3umem 144 pmol m? s™ (MC-144) u 288 umol m? s™ (MC-288) u cnekmpaneH cxecmae 50% vepseHa (R),
15% 3eneHa (G) u 35% cuHa (B) ceemnuHa. [lonydyeHume pe3ynmamu 3a MoOpgoMempuvyHuUme
Xapakmepucmuku rokaseam, 4e pacmeHusima omeanedaHu npu UC-144 ce pazsusam no-bagHo, cuHmesaupanu
ca 3 mbmu no-manko buomaca u ca ¢ 22 % ro-HUCKU 8 CpasHeHue ¢ pacmeHusma omernedaHu npu MC-288.
BnusHuemo Ha uHmMeH3umema Ha ceemiuHama 8bpxy hOMOCUHMEMUYHUSM arnapam Ha pacmeHusima e
onpederneHo 4pe3 rnokasamenume Ppsy, NPQ u E. ®psy e ¢ 56% no-eucoka npu MC-288 e cpasHeHue ¢ masu
uamepeHa npu WC-144. Tosu pe3dynmam Kopernupa C omuyemeHume ro-6bp3 pacmex u passumue.
lNokazamenume NPQ u E cbujo nokasgam, ye MC-288 He uHOyyupa chomo3awjumHu u chomoyspexoausu
peakyuu.

MORPHOMETRICAL CHARACTERISTICS AND PHOTOSYNTETIC ACTIVITY OF
RADICCHIO UNDER RGB LED LIGHTING

lliana llieva', Yordan Naydenov', Tania lvanova', lvan Dandolov’,
Detelin Stefanov®, Emilia Gesheva®
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Abstract: Morphometric characteristics and photosynthetic activity of radicchio planst were investigated
in order to select the appropriate intensity and spectral composition to optimize the lighting characteristics of the
Space greenhouse’s Light Module (LM) on Light Emitting Diodes. An experiment was carried out with two
modifications of LM at light intensity 144 pmol m? s (LI-144) and 288 pmol m? s (LI-288) and spectral
composition 50% red (R), 15 % green (G) and 35% blue (B) light. The obtained morphometric characteristics
indicate that plants grown at LI-144 developed more slowly, synthesized 3 times less biomass and were 22%
lower compared to plants grown in LI-288. The influence of light intensity on the photosynthetic apparatus of
plants is determined by ®ps;, NPQ and E indicators. ®ps2 is 56% higher in the LI-288 compared with that
measured at LI-144. This result correlates with the observed faster growth and development of radicchio plants at
LI-288. NPQ and E indicators also show that LI-288 does not induce photoprotective and photodamaging
reactions.
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BbBegeHue

Ceetoanoaute (Light emitting diodes - LEDS) ce Hanoxuxa kaTo NepcrnekTMBeH CBETMMHEH
M3TOYHUK 3a KOHCTpympaHe Ha bnokoBe 3a ocBeTneHne (BO) B kocMuyeckuTe opaHXepun, KakTo 3a
ekcnepumeHTn Ha 6opaa Ha MexayHapogHaTa kocmudecka ctaHums (MKC) [1], Taka u 3a 6bgewmar
nonet Ha 4yoseka o Mapc [2]. LEDs umaTt MHOro npegvmcrBa npen OCTaHanute W3KYCTBEHU
M3TOYHULM Ha OCBETMEHWEe — Mankum pasMepu, MNpOoAbIKUTENEH nepuod Ha ekcnnoartauus,
HagexaHoCT u 6e3onacTHOCT Npu paboTa, Manka KOHCymMauus Ha eHeprus, n3nbysaT CBETNNHA BbB
BMAuMaTa obracT OT crnekTbpa ¢ PU3MONOrMYHO 3HaYeHne 3a pacteHunsTa [3,4].

BO Ha cBeTOaMOaM ca KOHCTpyupaHu camo c YepBeHu LEDs [5,6], ¢ yepBeHu u cuHn LEDs
[1,7] vnn c dyepBeHw, 3eneHn u cuHum LEDs [8,9]. CnepoBaTtenHo wu3nbyeHaTa cBeTnvMHaTa
npeacTaensiBa KOMOMHaUWs OT egHa, ABE UINN TpY MOHOXPOMATUYHW CNEKTParHn UBMLUM OT BUAUMUAT
CMEeKTbp, C TOYHO onpedeneHa AbIPKUHA Ha BbiHAaTa B 3aBUCUMOCT OT obractTa Ha mM3nbyBaHe Ha
nsnonasaHute ceetoavoaun. JonbnHuTenHo npegumcteo Ha BO Ha ceetogmoau npea BO Ha gpyrm
CBETMNMHHU U3TOYHMUM (PrTyOPUCLEHTHU flamMnn) € Bb3MOXHOCTTa BCEKM UBAT cBeToanoau da 6bae
yrnpaBnsiBaH OTAENHO, NPV KOETO Ypes3 BapvpaHe Ha cunaTta Ha TokKa MpemMuHaBally npes TAX WIu
BPEMETO B KOETO Te Ca BKIIIOYEHW UMW U3KMHYEHU MOXE Aa Ce MOCTUrHE KOHKPETEH MHTEH3UTET u
CNeKkTbp Ha cBeTnuMHaTa. PasnuuHuTe pacTeHns mmaT pasnuMyHM M3NCKBaHWS KbM CbCTaBa Ha
CrneKkTbpa W WHTEH3WTeTa Ha CBeTNMHaTa [Jopu MpogbikuTenHoctta Ha doTonepuoda npes
oTaenHuTe pasm ot cBoeTo passuTue. B mpouec Ha onpegensiHe ca KakTO MWHMMAanHUWAT, Taka u
MaKCUMarnHuaT WHTEH3WTeT Ha CBeTnuHaTa Mpu CbLOTBETEH CnekTpaneH cbcTas, kouto BO Ha
cBeToamoam Tpsibea ga ocurypsiea.

PaspaboTteH 6ewe BO-LED c n3nonaeaHeTo Ha MowHM LEDS, koeTo no3Bonv BapupaHe Ha
CrneKkTbpa M WHTEH3WTeTa Ha cBeTnMHaTa B AmanasoHa 0 - 400 pmol m? s* [10]. MpoBeneHuTe
€KCMepUMEHTM C pacTEeHMETO JIMCTHa uukopusi obave nokasaxa npusHauu Ha OTOUHXMOMpaHe u
NMOHMXKeHa (POTOCMHTETUYHA aKTUBHOCT MPU MHTEH3UTET Ha ceBeTnmnHata 400 umol m?s*u CNeKTbp
70% yepBeHa (R), 10% 3eneHa (G) n 20% cuHsa (B) u HoOpmanHo pasBuTue Npu ABa MbTU MO-HUCHK
nHTeHanTeT — 220 pmol m? s u CblWMST crekTpaneH CbCTaB Ha cBeTnMHaTa [9]. Tosn pesyntaTt
gosege OO MNpOEKTMpaHeTo M m3paboTBaHeTO Ha BTOpuM OMOK 3a OCBETMeHUMe Ha ManoMOLLHU
ceetoamoamn (BO-LED-M) c koMmnakTHa KOHCTPYKUMS U NO-Marnko Termno, Hucka notpebnsema mMoLHocT
1 40Bpu Bb3MOXHOCTU 3a OXMnaxgaHe, KOMTO NIeCHO Moxe Aa 6bae MynTUNNMUMpaH 3a BrpaXkaaHe B
opaHxepun ¢ no-ronsiMa nnowy,. Llenta Ha ocbLUECTBEHNSI CUHXPOHEH ekcnepumeHT 6e ga nposeaem
OUOTEXHOMOMMYHN U3NUTaHMA Ha HOBWUst OOk, KaTto cpaBHUM MOPOMETPUYHMTE MoKasaTenu u
OTOCUMHTETMYHATA aKTUMBHOCT Ha PacTEHUS NUCTHA LMKOPWS, KakTo MU Aa NOTbPCUM ONTUManHuTe
rPaHMLUU Ha CBETIIMHHUTE NapaMeTpu, B KOUTO CE OCUTypsiBa HOPMAsIHOTO My pasBuTHeE.

EkcnepuMeHTanHa anapatypa u MeToAu Ha u3crnenBaHe

e [locmaHoeKka Ha ekcriepumMeHma

KynTuBMpaHeTo Ha pacTeHuaTa nuctHa uwmkopus Cichorium intybus L. subsp. intybus
(Foliosum Group) cv. Bianca di Milano e M3BbpLIEHO CUMHXPOHHO B OBE OTAENHW labopaTopHU
ycTaHoBKM - JlabopaTtopHuaT makeT Ha KO CBET-2, netana Ha OpbutanHa ctaHumsa MUP (Pur.1-A), B
KOSITO e pasnonoxeH BO-LED (®ur.1-B) ocurypsiBall, MHTEH3UTET Ha cBeTNMHaTa oT 288 umol m”s™
(NC-288) n HoBopaspaboTeHa Kamepa 3a oTrnexgaHe Ha pacTenus ¢ pasmepu 40x40 cm (dur.1-D), B
Kosito e pasnonoxeH BO-LED-M (®ur.1-E), ocurypsialy, CbOTBETHO MHTEH3UTET Ha CBETNMHATa OT
144 pmol m?s™ (1C-144).

BO u B gBeTe ycCTaHOBKM Ca MNO3MLMOHMPaHM Ha 20 cm Hag noceBHaTa MNOBBLPXHOCT.
M3kycTBeHaTa noysa — cybcTpaT, M3nona3BaH 3a OTrMeXxaaHe Ha pacTeHusita e bankaHuH — npupogeH
3eonuT, gobmeaH oT HaxoauweTo B benu nnact, 06n. Kepgxanu, benrapusi, oborateH ¢ MMHeparnHu
enemeHTn [11]. PacTeHusiTa nNUCTHa UUKOpUst ca oOTrnedaHyM npu Temnepatypa — 18-20°C,
OTHOCWTESHA BNAXXHOCT Ha Bb3ayxa — 60-70% u dpotonepuog — 16h geH / 8h Houw.

M3anonseaHnte BO-LED 1 BO-LED-M ca pa3paboTeHn CbOTBETHO Ha MOLLHM U MaroOMOLLHN
LEDs, KaTo xapakTepucTMknute MM ca npeacraseny B Tabnuua 1. CNekTbpbT Ha CBETNMHATA U3MTbYEH
ot BO-LED moxe pa ce npomeHs B guanasoHa O - 400 umol m? s™ kaTo ¢ nomowyta Ha DMX
nporpamaTtop MOXe [da Ce HacTpovBa CbLOTHOLUEHMETO MeXay 4YepBeHaTa, 3eneHata W CcuHATa
ceetnmHa [10]. ToBa no3BOMsiBa MOMy4YyaBaHETO Ha CBETMHA C TOYHO onpefdeneH ChekTbp U
WHTEH3UTET.

CnekTpanHuaT cbCcTaB Ha ceeTnnHata Ha BO-LED-M e cumkcmpaH, KaTo CbOTHOLLIEHMETO Ha
YyepBeHaTa CBeTNMHa KbM 3ereHarta u cuHATa, e cboTBeTHO 50:15:35 %. To3n cnekTbp ce nonyyasa
nNpyv MakCUMarnHusa MHTEH3UTET Ha CBeTnuHaTa, konto BO-LED-M moxe ga nanbuum - 144 ymol m?2s™
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dur. 1. A - JlabopatopHa yctaHoBka Ha KO CBET-2; B - BO-LED; D — Kamepa 3a oTrnexaaHe Ha pacTeHus
40x40; E - BO-LED-M; C u F - PacteHus nuctHa uukopusa Ha 40 aeH OT pas3BUTUETO CU NPU UHTEH3UTET
Ha cBeTnuHaTta 288 umol m?s? (ot3ag) u 144 pmol m?s* (ascHo)

Tabnuvua 1. TexHn4Yeckn n CBETNNHHK xapakTepucTukn Ha 5O-LED n BO-LED-M

BO-LED BO-LED-M
Pasmep Ha BO 33x33cm 40 x 40 cm
MowHocTt Ha BO 280 W s80OW
Bpow Ha cBeToguoguTe B 5O 108 1260
MpoussoguTen Ha ceeToguoauTe Cree® Yi Kais Int. Co. Ltd.
Mopgen Ha cBeToguoauTe XLamp® 7090 XR 04YK-QH513
O6nacT Ha usnbuBaHe Ha B LEDs 465-475 nm 465-470 nm
O6nacT Ha nanbuBaHe Ha G LEDs 520-535 nm 520-525 nm
O6nacT Ha usnbyBaHe Ha R LEDs 620-635 nm 620-630 nm
Max uHTeH3uTeT Ha RGB LEDs 1104 pmolm”s™ 144 pmolm”s™
Max UHTeH3uTeT Ha R LEDs 880 pmolm*s™ 73 pmolm*s™
Max UHTeH3uTeT Ha G LEDs 110 umol m” s™ 22 umol m*s™
Max UHTeH3UTeT Ha B LEDs 250 pmol m” s™ 48 umolm”s™

e AHanusu Ha pacmeHusima

MopghomempuyHU xapakmepucmuku

CBexoTO Terno Ha Hag3emMHaTa 4acT Ha pacTeHusTa (nmMctaTta) € U3MEepPeHo Ha aHanuMTU4Ha
Be3Ha (Sartorius - PT 120, Germany) BegHara cnep, B3emaHe Ha npobarta, 6poaT Ha pa3BuTuTe NucTa
e npebpoeH 1 BUcounHaTa e u3mepeHa c NnMHUS.

3a onpegernsHe Ha CbObPXKaAHWETO Ha CyXO BELLECTBO B fMcTaTa Ha pacTeHusTa e B3eTa
cpegHa npoba oT cpeHo 5 pacTteHus. 1g cBex Matepuan € NocTaBeH B TENMOBHO CTBKITO 1 OUKCUPaH
B cywwmnHea npm 105°C 3a 4 h, cnep koeTo e cyweH npu 60°C o NOCTOSHHO Terno.

CnObpkaHue Ha nuameHmu
AHanu3bT 3a CbObPXKaAHNETO Ha NUIMEHTW B NUCTaTa Ha UMKoOpuATa € NpoBedeH No Metoaa
Ha Arnon [12]. AHanNM3bT € NPoBeAEH Ha TPETU NUCT B3ET OT CPeAHO 5 pacTeHus.

MonyyeHnTe pesyntatm 3a MOPPOMETPUYHUTE XapPaKTEPUCTUKM U CbAbPXKAHMETO Ha
nUrMeHTn ca obpaboTteHmn ctatuctmdeckn ¢ one-way ANOVA test npu P = 0.05.

UsmepesaHe Ha xriopousiHa ¢hriyopecueHyuUst
XnopodunHata ryopecueHUMs € u3MepeHa Ha INWUCTHW [UCKOBE B3eTW OT TPeTu fUCT Ha
pacTeHusiTa NUCTHa UMKOPWUsi MpU CTarkHa TemnepaTypa C WMMYICHO aMniauTygHO MoagyrnuvpaH
dnyopumetbp (PAM 101-103, Waltz, Effeltrich, Germany). 3a ocBeTsiBaHe u obpaboTkata e
n3nonseaHa ubpoonTnyHa cuctema ¢ net pasknoHeHus (Waltz). Kamepata 3a npobarta cbLio e
npouseefeHa ot Waltz, Germany. MuHnmanHarta dnyopecueHumss Fo € nsmepeHa npu nogaBaHe Ha
n3MepBaLl b4 C MHOIO HUCBK CBETIIMHEH WHTEH3uTeT, nogaeaH ot LED emutep (PAM 101 ED).
MakcumanHata dnyopecueHuma Fm oT 3aTBOpeHuTe peakumoHHu LeHTtpose (PL) Ha doTocuctema ll
(®C2) e U3mMepeHa No Bpeme Ha eAHOCEKYHAEH UMMYMC ¢ MHTeH3uTeT 3000 pmol m™?s™ PFD (photon
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flux density) cneg TbMHMHHA aganTauus 3a 5 min. MakcumanHaTta dgpnyopecueHLmMs B NPUCHCTBME Ha
aKTMHUYHa cBeTNvHa (cBeTnMHaTa uHAoyuupawla doTocuHTe3data) Fm' e wnsmepeHa KaTo
riyopecUeHTeH MUK, MHAYUMPaHU eOHOCEKYHOHN uMnyncu ¢ nHteHsmteT 3000 umol m?s*PFD npes
nHTepBanu oT 20 sec Ha (poHa Ha aKTUHWYHA CBeTNvHA. VIamepBaHuaTa ca NpoBeAeHn 40 JOCTUraHe
Ha CTauMOHapHOTO HMBO Ha dnyopecueHuuss F 3a CbOTBETHUS MWHTEH3UTET Ha akTMHUM4HaTa
CBeTnMHa. AKTMHMYHATa CBETMMHA U HacullallmMTe UMNYncu ce nogaBaT OT ABa €4HaKBW CBETIIMHHU
n3toyHuka (Scott KL 1500), comntpupaHu npes HeyTpanHu duntpu. JaHHuTe 3a cdnyopecueHumaTa
ca 3anucaHu n obpaboteHu ¢ nporpama FIP 4.1, QA Data, Turcu, Finland [13]. OT nony4yeHuTe faHHU
ca M34MCneHn cnegHuTe nokasatenu: AKTMBHOCT Ha Potocuctema |1l — Opg,=(Fm'-F)\F,
HedoTtoxmmmyHo raceHe — NPQ=(Fm-Fm')/Fm' n excess E (4acT OT cBETNUHHa eHepus, KOATO He ce
n3nonsesa HUTO 3a POTOXMMUYHA aKTUBHOCT, HUTO 3a POTO3alLMTa, T.€. 328 HE(POTOXMMNYHO raceHe u
€ CBbp3aHa C HMBOTO Ha yBpeXxaaHusi BbB POTOCUHTETUYHMA anaparT) — E=(F-Fy)/Fm'.

Pe3yntatn

e BnusiHue Ha uHMeH3umema 8bpxy MopgoMempuyHUMe XapaKmepucmuKku Ha
pacmeHusima
PacTteHusaTta oTtrneganu npu WC-144 pgocturaT cegmm NMCT Ha pas3BUTME B CpPaBHEHWE C
umkopumnte otrnegaHu npu MC-288, koMTo ca Ha OgeBeTu NUCT OT cBoeTo passutue (dur. 2-A).
BucounHaTta Ha pacTeHusiTa CbLUO CUITHO Ce MOBMMSIBA OT MHTEH3WTETa Ha CBETNMHaTa Kato npu no-
HUCKUAT UHTEH3UTET pacTeHusTa ca CpegHo € 2.6 CM NO-HUCKM OT pacTeHusdTa oTrneaaHy npu BUCOK
WHTEH3UTET CBETNUHA unu cboTBeTHo 12.0 cm u 14.6 cm (dur. 2-B). lMpu NC-144 pacTteHuaTa
cuHTe3upaT 3 MbTU No-manko Guomaca KaTto cpegHOTO M3MEPEHO TEerno Ha eaHo pacteHue e 3.469 g
B cpaBHeHne c 9.324 g npu umkopuuTe oTrnegaHm Ha UC-288 (dur. 2-C). CyxoTo BeLlecTBO
HaTpynaHo 1 Npu ABaTa MHTEeH3uTeTa CBeTNMHa € eHO 1 Ccbllo — 11% oT 1g cBexa buomaca (dur. 2-
D).

Bpovi pa3BuUTM NUcTa " BucoumHa Ha pacTeHusTa o CBexo Terno e *FW] Cyxo BelLecTBO
12 A 20 14 14
i 12 12 4
10 . [ 16 . I T
10 1 10 1
8 4
12 8 4 8 4
6 4
8 6 * 6
44
4 4 4
4
24 24 24
0 - T 0 - T 0 - [
144 288 144 288 144 288 144 288
WHTeHauTeT [ pmolm2s] WHTeH3uTeT [umolm2s?] WUnTeHsuTeT [umolm2s™] WUnTensuteT [ pmolm2s?]

dur. 2. MopdomMeTpuyHN XapakTepuCTUKM Ha pacTeHUs NUCTHA LMKOPUS OTrMefaHu Mpu UHTEH3UTET Ha
cBeTnMHaTa 144 1 288 pmolm?s™ u cnekTbp 50:15:35 % RGB cBeTnmHa.
*MNonyyeHnTe pesynTaTi ca CTaTUCTUYECKU pa3numyHu npyu P=0.05.

e BnusiHue Ha uHMeH3umema e@bpxy (homocuHmemu4YHama aKmueHOCM Ha

pacmeHusima
CbabpKaHMeTo Ha xropodun a+b B nucTaTta Ha LukopumTe € no-Bmcoko npu MC-144 (dur.3-
A). OTtyeTeHaTa e obaye OBa MbTM MO-HUCKA aKTUMBHOCT Ha doTocuctema Il — Pps, npu TO3N

WHTEH3nTET Ha ceBeTnuHata (dPur.3-B). Pps, 4aBa ToUHA 3a POTOCUHTETMYHATA aKTMBHOCT, Thil Karo
orynTa CBETNMHATa norbfHata oT xnopodwuna acoummpaH ¢ dPotocuctema |l n mnsnonssaHa BbLB
(POTOXMMUYHUTE peakuunm W faBa TOYHA MpeAcTaBa 3a TeMna Ha EeNnekTPOHHUAT MpPeHoC WU
cnepoBaTeniHoO 3a ckopocTta Ha dotocuHTesaTta [14]. MNokasatenute NPQ u E, kouto oTtumtar
CbOTBETHO MHAYKUMSATA Ha dpoTo3alimTa U Ha oToyBpexaaHe, ca MoHwxkeHn npu NC-288 (dur. 3-
C,D) n nokasear nunca Ha oTo3almuTa, a crnegoBaTesiHo 1 oToyBpexaaHe.
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dur. 3. A - CbabpxkaHue Ha xnopodwun a+b, B - AktuBHocT Ha PoTocuctema I, C - MNokaszaten NPQ n D -
Mokasaten E Ha pacTeHnst MMCTHaA LMKOPUS OTINEeAaHn Npu MHTEH3UTET Ha cBeTnuHaTa 144 n 288
pmolm™s™ u cnekTbp 50:15:35 % RGB cBeTnMHa.
*MonyyeHnTe pedyntatu ca ctaTUcTUYeckn pasnmyHu npu P=0.05

Ouckycus

WHTeH3auTeT Ha cBeTnnHata ot 144 pmol m?stu cnekTbp 50:15:35 % RGB He e goctaTbyeH
3a pasBUMTMETO Ha pacCTeHMEeTO NUCTHa uukopus. MamepeHata OgBa MbTU MO-HUCKA aKTMBHOCT Ha
doTtocuctema Il BOAM A0 NOHMXKEHA (POTOCMHTETUYHA aKTUBHOCT KaTo LAN0 U Kopenupa ¢ oT4eTeHuTe
no-6aBeH pacTtex, Mo-HUCKM U C MO-Manko cMHTe3vpaHa 6uomaca pactenus. OT gpyra cTpaHa ganv
CBETMNMHA C WHTEH3UTET oT 288 umol m?s? He nHayumpa doToyBpexaaHe B pacTeHusTa NUCTHa
uukopua? PesyntatvTe OT NpegulleH eKCNEPUMEHT CbC CbLIOTO pacTeHne nposedeH npu 400 pmol
m?s™ UHTeH3uTeT Ha cBeTNMHaTa U cnekTpaneH cbetaB 70:20:10 % RGB nokasaxa, Ye pacteHusiTa
nposiBaABaT Npu3Haun Ha cdoTouHxmbupare [9]. MNpu NC-288 nokasatenmute NPQ mn E ca noHwxkeHw,
KOeTO nokasea nvnca Ha ¢oTo3awmTa, 1 cnegosatenHo doToyBpexaaHe. OT gpyra ctpaHa Oes, € ¢
56% no-Bucoka B cpaBHeHue ¢ Ta3u npu UC-144, koeTo JONBNHUTENHO NOKa3Ba Ye pacTeHudTa ce
passuBaTt ,quPe npu 288 umol m?s™ UHTEH3NUTET Ha CBETNMHATA CbC cnektbp 50:15:35 % RGB. lNpu
220 pmol m’ st u cnektpaneH cbcraB 70:20:10 % RGB pacTeHus cblo nokasaxa no-gobpa
OTOCUMHTETMYHA aKTUBHOCT [9].

B 3aknioyeHne MoxeM [a KaxeM,ue UHTEH3UTET Ha cBeTnuHaTa B guanasoHa 200 - 300 pumol
m?ste NnoaxoAsuy, 3a pasBuTMe Ha JIMCTHA LMKOPUSA MpU CNekTbp cbeTosAw, ce oT 50-70% 4epBeHa,
15-20% 3eneHa n 10-30% cuHA cBeTnMHa.

MonyyeHuTe pesynTatv 3agaBaT rpaHuUMTE, B KOUTO TpsibBa ga ce TbpCUM OMTUMANHUAT
CMEKTbP M MHTEH3UTET Ha CBETNIMHaTa Heobxooumm 3a pasBUTMETO Ha PacTEHMETO NMCTHA LIMKOPMSL.
Teaun pesyntatu wWwe 6bOaT n3nonseaHu npu paspaborsaHeTo Ha BO Ha cBeTOOMOAM N NMO-TOYHO MpPU
OanaHca, konWTo TpsbBa Oa ce Hamepu Mexay cebectonHocTTa M edektTmBHocTTa Ha BO Ha
CBETOAMOAM.

EdektnBHOCTTa Ha KOHCTpympaHuTe BO 3aBMCK OT OTHOLLIEHNETO Ha KOHCYMMpaHaTa MOLLHOCT
KbM eMuUTUpaHaTa POTOCUMHTETUYHO aKTMBHA CBETNNHA 3a pacTeHudATa. Ha nasapa ca Hanu4Hu KakTo
MOLLIHM M CKbMOCTPYBALUN CBETOAMOAMN Taka U €BTUHM, MariloMOLLHN cBeToamoaun. M3paboTBaHeTo Ha
BO c nsnonsesaHeTo Ha BTOPUTE € MHOrOKpPaTHO MO-UMKOHOMWYHO, EHEProcnecTsiBallo, a eHeprusTa e
pecypc, KOWTO e orpaHudeH Ha 6opga Ha MKC u we O6bae orpaHudeH npu Gbgewara Myucus Ha
yoBeka 00 Mapc. Bb3HukBa Bbrpoca Aanu nonyydeHUsaT UHTEH3UTET CBETIUHA LWe e JocTaTbyeH 3a
pasBUTMETO Ha pacTEeHWsTa, KakbB LUe e CNeKTpPanHWAT CbCTaB M Janu LWe umMa Bb3MOXHOCT 3a
TAXHOTO BapupaHe. CbluecTBeH HegocTaTbK Ha KOHCTpyupaHus BO-LED-M Ha HUCKOEHeprumHuiTe
cBeToaMoam €, Ye e C (PUKCMpaH crekTpaneH CbCTaB NPy MakcumareH MHTEH3UTET Ha CBeTnuHaTa,
KaTo Bb3MOXHOCTa 3a BapupaHe Ha CMeKkTbpa M MHTEH3UTeTa € 3HauuTenHo orpaHudeHa. OT gpyra
CcTpaHa KoHcTpyupaHeTto Ha BO-LED ¢ MoOwHM CcBeToaMoAM € CKbMOCTPpYyBaWoO, Tbil KaTto Te
KOHCyMMpaT NoBeYye eHeprusi U U3MCKBaT CUCTEMU 3a OXNaXKaaHe, KOeTo € CBbP3aHo C AONbHUTENEH
obem n maca npu koHCTpympaHeTo Ha BO 3a kocMmnyeckaTa opaHxepusi. Ho n3anon3saHeTo Ha MOLLHM
cBeToaMoaM NO3BOMsBa BapuMpaHETO Ha CMEKTPanHuUST CbCTaB M MHTEH3UTeTa Ha CBeTNvMHaTa B
LWUMPOK OuanasoH, KOEeTO 3HAuuMTenHo pasliupsiBa Bb3MOXHOCTUTE 3a u3CrefBaHus C pasfvyHu
KynTypMm.

MkoHoMMYeckaTa emEeKTUBHOCT, KakTO U MWHUMANHUAT, U MaKCUMarnHUAT UHTEH3UTET Ha
cBeTnMHaTa Npu CbOTBETEH CrnekTparneH cberas, konto BO Ha cBeToamnoam TpsibBa ga ocurypsiea ca
BCe OlLle B NpoLec Ha onpeaensiHe.
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KAMUNAPHO NPNABUXBAHE HA BOJA BbB Bb3AYLUHO-CYX 3EOJIUTEH
CYBCTPAT ,.BAJIKAHUH”: AHAINIU3 HA PE3YJNITATUTE OT KOCMUYECKU U
NNABOPATOPHU EKCNEPUMEHTHU

MnameH KoctoB

UHemumym 3a KocMmuyecKu uscriedsaHusi U mexHonoauu — bbnzapcka akademuss Ha Haykume
e-mail: plamen_kostov@space.bas.bg

Kmo4yoeu Oymu: kocmudecku ekcriepumeHm ,Cyb6cmpam”, opbumanHa cmaHyus ,Camom-77,
8130y WHO-CyX 3eonumeH cybecmpam ,bankaHuH”, KanusspHo rpudsuxeaHe Ha 800a, 800eH pe3epaoap.

Pesrome: Cybcmpam ,bankaHuH" bewe u3rofni3eaH Kamo 3amecmumerni Ha ecmecmeeHume 3eMHU
rnoysu 8 kocmuyecka opaHxepusi (KO) ,Ceem”. lNpe3 1985 e. bewe u3y4yeHo nogedeHUemo Ha 800a, 8NpbCKaHa
818 8b30yWHO-cyx cybcmpameH obem 8 ycriosusi Ha Mukpozpasumauusi (0-g). OcobeHocm Ha mo3u cybcmpam
e, Y4e nopu ¢ Ouamembp 00 3 um 3aemam 2/3 om obema Ha nopume Ha omdenHume 4yacmuuu. Toea
npednonaza cbuwecmeaeHo npeobnadasaHe Ha KanunspHume cunu Had xudpocmamuyHume rpu uzduaaHemo Ha
8odama 8 cybcmpamen criol ¢ sucodyuHa 0o 0,1 m. M3dueHama e xurnome3sa, 4e 8UCOYUHUME Ha KarusisipHO
u3dueHamama eoda 8 cybcmpama Ha 3emsima (1-g) u npu 0-g, ca pasHu. U3ka3zaHO e rpednonoxeHue, 4e
8uCOYUHama Ha HayaslHO ernpbcKkaHama eoda rpu 1-g HenpekbcHamo Hamarsgea nod delicmeue Ha 3emMHama
epasumauus, dokamo rnpu 0-g masu 8oda ce MPOCMyKs8a 8 ropume Ha OKO/IHUMe vyacmuyu, 6e3 0a rMpomeHsi
ceosima sucoyuHa. lNposedeHume GonbrHUMenHU nabopamopHuU u3cnedeaHus rnokassam, ye e0HO8PEeMEHHOMO
peaucmpupaHe Ha meKywume 8UCOYUHU Ha KanusspHo u3dueHamama eoda 4Ype3 nopume Ha yacmuuyume U Ha
800HUSA pe3epsoap Oasa UHOpMauusi, ¢ noMowjma Ha Kosimo Moxe Oa ce npedsudu duHamukama Ha
KanunspHo u3dueaHe Ha eolama rnpu 0-g u edHaksu Opyau ekcriepuMeHmarnHu ycnosusi. [oknadeaHu ca
pesynmamume om KOCMUYeCKU, KOHMpPOIeH (Ha3zemeH) u cepusi iabopamopHU eKcriepuMeHmu.

CAPILLARY MOVEMENT OF WATER IN AIR-DRY BALKANINE ZEOLITE
SUBSTRATE: ANALYSIS OF THE RESULTS FROM SPACE AND LABORATORY
EXPERIMENTS

Plamen Kostov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: plamen_kostov@space.bas.bg

Key words: ,Substrate” space experiment, Salyut-7 orbital station, Balkanine zeolite-based air-dry
substrate, capillary water movement, water reservoir.

Abstract: Balkanine zeolite-based substrate was used as a root growth medium in the Svet space
greenhouse (SG). The behavior of water injected in air-dry substrate was investigated in 1985 onboard the
Salyut-7 orbital station (“Substrate” space experiment). A terrestrial study of the same substrate shows that the 3
microns in diameter pores occupy 2/3 of the pore volume of each particle. That suggests considerable prevalence
of the capillary forces over the hydrostatic ones during particle imbibition with water in a substrate layer up to 0,1
m in height. A hypothesis was put forward that the levels of capillary water rise in the substrate on Earth (1-g) and
at microgravity (0-g) are equal. It is suggested that the initial level of the injected water at 1-g continuously
decreases as a result of gravity, while at 0-g this water soaks in the surrounding particle pores, without changing
its height. Followed up examinations show, that the simultaneous recording of the current capillary water level and
the water height in the “tank” gives information through which it is possible to predict the dynamics of the capillary
water movement at 0-g and the same other experimental conditions. The results from the space and ground-
based experiments, as well as from a series of laboratory experiments are reported.
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BbBegeHue

EpHo nscnensaHe Ha pasnpoCTpaHEHMETO Ha BoAda B nopecrta cpega (cybertpat ,bankaHnH")
Oewe npoBegeHo Ha Oopma Ha opbuTtanHata craHums ,CanoT-7" Ha 26-27.08.1985 r. [pyr
EeKCNepPUMEHT C aHanornyHa anapartypa dewe npoeegeH B Mockea, Pycus, Ha 26-27.09.1985 r. [1].

OcHoBHa Uen Ha u3crnegBaHeTo Ha XMApoAUHaMUYHUTE CBOMCTBA Ha cybctpaT ,bankaHvnH” B
ycnoBus Ha Be3TternoBHOCT belle ga ce nogdepe ontumaneH pakUnoHeH CbCTaB Ha cybcTpaTa 3a
nsnonasaHe B kocMuyecka opaHxepus (KO) ,Cset”. [1Be ocHOBHM 3agaym Bsxa noctaBeHu npeg To3u
24-4acoB ekcnepuMeHT: 1) N3cnegBaHe Ha BepTMKaNHOTO U XOPM3OHTANHOTO pa3npoCTpaHeHUe Ha
BOAa B YeTupwu cdpakumm Ha cybeTtpar ,bankaHuH”, 2) OnpegensiHe Ha CKOPOCTTa Ha NPUABWXKBaHE Ha
BOOHUSI OPOHT.

3a uenute Ha npoekTta KO ,CeT”, CnaByeB [2] noarotea TeopeTuyeH Mogen Ha usnyeckmTe
npoLecu, NpoTuyaLLy B cuctemMaTa Bb3ayx-Boda-cyocTpaT 3a ycnoBus Ha 6esternoBHocT (0-g), npwu
OTCbCTBME Ha BuonormyHn obpasun. MogenvpaHe Ha cblmTe npouecu 3a 3emHu ycnosus (1-g),
obaye, He e npaBeHo. CrnaB4yeB npegnara ga 6bae wu3nonseBaHa criegHaTta 3aBUMCMMOCT Ha
KanunapHoTo mn3guraHe h ot BpemeTo t -

Q) h= Mt :\/ﬁ, kbaeto: K =M, re - epekTMBeH paguyc Ha
2n 2n

Kanunspa, o - NOBbPXHOCTHO HamnpeXeHue Ha BogaTa, @ - bIbfl HA OMOKPSHE, 77 - OUHAMUYEH

BMCKO3WUTET Ha BogaTta.

KoraTo BnpbckaHaTa [os3a Boga 3aemMe HadvaneH obem ¢ BucouuHa hg, ypaBHeHue (1)
npugobuea Buaa -

@) (h—h, )’ =Kt

3axapoB [3] onpenenss 06eMHOTO pasnpegeneHne Ha nopute B cybcTpart ,bankaHuH”, B
3aBUCUMOCT OT TexHus pasmep (urypa 1). Nopute ¢ guameTtbp Hag 60 ym onpenenaT obema Ha
nopute mexagy Jyactuumute (Makponopwm) - okono 35-37% ot obema Ha cybcTpaTta. OcTaHanoTo NopoBo
npocTtpaHcTBo 27-30% npeacTtaBnsasa obema Ha nopute B 4vactuumte (MUKponopu), kato 2/3 ot
TexHnsa obem e CbCpenoTodeH B nopn € anamMmeTbp Ao 3 pm. ToBa O3Ha4aBa, 4Ye BUCOYMHaTa, Ha
KOATO MOXe Ja Cce usgurHe Bofa no kanunsipeH nuT, € Hag 10 m, cbrnacHo chopmynaTa Ha >KiopeH.
CnepoBaTternHo, B cybcTpateH cnoi ¢ BucodmHa 0,1 m npeobnagaBawmute cunu ca KanunsipHute,
Taka KakTo € B 6e3TerrnoBHOCT.

Korato B cpeja Cc [BoWHa MOPECTOCT € BMPbCKAaHO OMNPELENeHO KOMMYecTBO BOAa,
MaKpomnopuTe Ha cpedaTta CryxaT 3a pes3epBoap, OT KOWTO MWKPOMOpWUTE M3TEernaT BogaTa U 4
um3gurat no kanunspeH nbT. Ha 3emsAta, nog penctBne Ha 3eMHOTO YCKOpeHue, Bodata B
“pesepBoapa”’ HenpekbCcHATO HamansiBa CBOETO HmBO OT hy go 0. B mukporpaBuTauus Bogarta B
MakponopuTe MpakTU4eckn He ce npuaBWXKBa MO TAXHATa AbIDKMHA W BEPOATHO 3anassa
MbpBOHAYarHoO gocTurHararta BucodmHa hy npes usnoTo Bpeme Ha KanunsapHO usguraHe Ha BogaTa oT
MUKponopuTe. MnbTHMA cTBNO BOA4a C BUCOYMHa ho NoCTeneHHoO ce nonmBa OT MUKpPOMNoOpuUTe Ha
OKOINHWTE CTEHW Ha MakpornopaTa, BofaTa B pe3epBoapa HamarnsiBa, HO BMcOuMHaTa hy octaBa
OTHOCUTENHO MnocTosiHHa (durypa 2). Tekywarta BucoumHa hy(t) Ha BOOHOTO HMBO B pe3epBoapa e
Tasn, oT KoeTo bu TpsbBano Aa ce oT4yMTa BUCOYMHATA Ha KanumnsapHo nagurade h v B gBaTa cnydas.
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Jo3 35 510 10-30 30-60 60-100 Hap
OuameTbp Ha nopute [um] 100
dur. 1. O6emHO pasnpegeneHe Ha NopuUTe Ha our. 2. NoBeaeHne Ha BoaaTta, 3anbiiHMnNa
cy60TpaTa B 3aBUCUMOCT OT TEXHUA ANaMETBP MaKponopuTe Ha cy60TpaTa cneg Ha4arnHoTto

BNPbCKBaHe Ha BoAda A0 BMCOYMHA hg

Te3an ocobeHocTn, wuncTpupanHn Ha durypm 1 1M 2, gaBaT OCHOBaHME Aa Ce w3gurHe
xunotesa, 4e (pPOHTHLT Ha KanunspHaTa Boda B cybcTtpar ,bankaHuH” Tpabsa ga ce nsgurHe Ha egHa
M Cblla BUCOYMHA Ha TEKYLLOTO HUBO ho Ha BMpbCKaHaTa BoAa B 0e3TernoBHOCT 1 Ha 3emATa.
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Llen Ha npegcraBeHOTO u3cregBaHe € [a Ce MNpoBepu wusgurHatata xunoresa 4pes
OOMbNHUTENHN NabopaTopHN ekcnepumeHTu. M3cnegBaHeTo € NMPOBEAEHO CbITNACHO TEXHUYECKUTE
ycrnoBusl Ha ekcnepumeHT ,,Cybetpart”.

3agaun Ha wnscnegBaHeTo ca: 1) [la ce nogrotBu MaTtemaTMyecku anapaTt, Oonucsally
npouecuTe Ha Ha4YanHoO OMOKPSHE Ha nopecTta cpeda 3a ycnosusTa Ha 0-g u 1-g; 2) [a ce npunoxart
Mogenute KbM JdaHHuTe OT ekcrnepumeHT ,Cybetpat’; 3) [da ce npoBegaT LONBAHUTEMNHU
nabopaTopHU eKCNepMMEHTM 3a onpeaensaHe Ha NOBEAEHMETO Ha BOA4aTa B NopecTaTta cpeja.

MpeomeT Ha wm3cnegBaHeTo ca AaHHUTE OT KOCMUYECKUS UM KOHTPOSMHUS €KCNEPUMEHTU
,Cybctpat” (K1, Clll), cbabpxaliy permctpmpaHoTo npuaBmkBaHe Ha BOAHUS (DPOHT B cyGcTpaTa BbB
dyHKUUSA OT BpeMeTo [4], KakTo 1 pe3ynTatute oT AONbNHUTENHUTE eKCNepMMEHTU 3a U3MepPBaHe Ha
KanunspHoOTO M3guraHe u Ha rpaBUTaLMOHHOTO CNafdaHe Ha BodaTa B MakponopuTe Ha cybcrpaTa.

MeToau u mMaTepunanun

3a ycnosusita Ha 0-g B HacToAWOTO u3cnegBaHe we 6bae m3nonssaH NPeanoxeHns ot
CnaBuyeB maTemaTnyeckun anapar, Ymmnto uHanHu popmynm (1) u (2) ca gageHu no-rope.

KoraTo kanunsipute ce Hammpart B ycrnoBus 1-g n ca BepTUKanHO pa3nosioXeHn, eamH yaobeH
3a MHTepnpeTaLmsa uspas e npeanoxeH ot Peiris u Tennakone [5] -

_ 20(cos®) Okioper) u £, = 16n0(cos@)

r.og L p’g’
re - ecbekTmBeH paguyc Ha Kanungapa, ¢ - NOBBbPXHOCTHO HanpexeHwe Ha BogaTta, @ - brbin Ha
OMOKpSIHe, 77 - AMHaMN4YeH BUCKO3UTET Ha BoAaTa, p - NNBbTHOCT Ha BoAaTa, g - 3eMHOTO YCKOpPEHMeE.

Mpn no-HaTaTbLLWHOTO M3nonseaHe Ha uspasute (1), (2) u (3) ce npuema, Ye CTOMHOCTUTE Ha
napameTpuTe ca eHakBu npu ekcnepumeHTute npu 0-g n 1-g.

Pesyntatute ot kocMmuyeckus (0-g) n koHTponHusa (1-g) ekcnepumeHTn ,,CybeTpat” moraT ga
6baat HamepeHu B [4]. JoMbNHUTENHO KOCMOHABTUTE Ca 3anvcanu cBouTe HabnaeHus 3a cBOOO4HO
OBWKEHNE Ha YyacTuumTe Ha cybcTpaTa BbB BCsika OT CeKumuTe - Han-poHnmBe e cybctpatsT B Cll, no-
Manko poHnue e B CIV, cnato poHnue e B Cl; a B Clll 06embT € 3anbiiHeH NnbTHO. ToBa orpaHMyaBa
HaJeXOHOCTTa Ha AaHHUTe OT eKcnepyMMeHTa 1 B TOBa u3crnegBaHe ca M3rnon3BaHu AaHHUTe camo 3a
cekumsa ClII.

29
3) I=1__l1-€" " “/| kepero: |

max

lModzomoeka Ha TabopamopHU eKcriepuMeHmu

1. 3a uenute Ha nabopaTopHUTE eKCnepMMEHTWN € U3NOon3BaHa UMnNMHApUYHa MepHa Yawa ¢ obem
300 ml n pasmepu @xH = 65x90 mm.

2. CkopocTTa Ha BNpbCKBaHE € BaXXeH HavaneH napameTbp, KONTO ONpeaens BMcoydnHaTa Ha BOAHMUSA
pesepBoap hy, OT KOATO 3amo4Ba YMCTOTO KanunspHO m3guraHe Ha BogaTa B cybcTpaTa. Ha
durypa 3 e npeacTaBeHoO onpeaensHeTo Ha hy B 3aBMCMMOCT OT CKOPOCTTa Ha BMPbCKBaHeE.

ho[mm]
100 Cekums CllI, cybetpat ,bankaHuH” , 2,5+3,2 mm
:Z 3 |4 1 Vosu = 300 cm® .
70 o Vreuppa dasa = 35%.Vosy, = 105 cm ,
60 Vyurpockonuana sona = 5%.Vosw ? 15cm
5 Viopn = 0,65.Vopy, = 195 cm™ *
%0 9 Vmakponopm = (37-3)%.Voeu, = 102 CI‘T\3
0 6 e VMMKpOI‘IOpVI = (28'2)%-V06u.l =78 Cm3
30 © h, (6bp30) = (52/102).100 mm = 51 mm
2 @ h (6asH0) = (52/180).100 mm = 29 mm
10 ho netateneH ekcnepumeHT =30 mm
0
* CbrnacHo 3axapos
Veoga = 52 ml
a. b.

dur. 3. (a) ObembT Ha cybeTpata B Clll e npeactaseH B yaobeH Bua 3a oHarnegssaHe Ha BUCOYMHATA
ho.; 6) M3uncnenus 3a ho npu 6bp30 BNpbCKBaHE Ha BOAA B cekumsaTa (BogaTa 3aema camo MakporopuTe) u
b6asHO BNpbCKBaHE Ha BOAa B CcekuusiTa (BogaTta 3aema Makpo- U MUKPONopuTe)
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B pesyntaT Ha wusuucneHuWsTa € onpedenieHo, Ye BopaTta He e BnpbckBaHa Obp3o
(TeopeTnyeckn MOMEHTArsHO).
3. OnpepensiHe Ha NABbTHOCTTA Ha cybcTpaTa, nocTurHaTa Mpu MNpoBeXAaHe Ha KOHTPOSHUS
ekcnepumeHT npu 1-g (Purypa 4).

01

0,09 .
E 0,08 l
2 0,07 | :
z 0 L 72 g/cm?
Jid
% 0.96 M g 'ﬂ:fﬁ/ i
s 005 9“,,949- r—— —— i
Z 004 e —— KomnpecwupaH | f
3 [ * YnmbTHEH HeynnbTHeH
H 0,03 * YTbTHeH [l cybetpar
S 0,02 o YnmsTHeH L ;]i'
001 © KonTpona Ll .: E
—— HeynmsTHeH T8
° ‘ ‘ ‘ } } } HaqanHo
0 4 8 12 16 20 24 28 32 BnpbCkaaHe
Bpewme [yacoBe]
a. b.

dur. 4. (a) MpanyHM pe3ynTaTh OT CepUs EKCNePUMEHTU 3a onpeaernsiHe Ha BNUSHUETO Ha MNITbTHOCTTA
Ha cyGCcTpaTa BbpXy KanunsipHoTo uaaurade; (6) BucounHa Ha BogHWS! opOHT Npu HayariHo BNpbCKBaHe Ha Boda
ho, KpaiiHO HUBO NPV HEYNITLTHEH CYBCTPaT W KPaHO HUBO MPU AOMbAHUTENHA TeXecT 72 g/m?

4. 3a oTuMTaHe Ha TekylLlaTa BMCOYMHA Ha rpaBUTaLMOHHaTa Bofa B Makporopute Ha cybctpata e
n3bpaH MeTOA 3a OTYMTaHe Ha HMBOTO Ha BoAaTa B Mpo3payHa TpbOuyka C¢ onuTHO u3bpaH
anameTbp. Kputepuit npn n3bopa Ha BbTPELUHUS AMaMeTbp Ha TpbbuykaTta e paBHOTO HMBO Ha
cBoboaHaTa Boga B MakponopuTe U Ha Bogarta B TpbOuykara.

5. Uudpos ¢otoanapat Konica Q-M100 u kamepa Creative VfO070 peructpupaT KanunsipHOTO

n3guraHe n rpaBMTaulMoOHHOTO CnagaHe Ha BoAaTa BbB BPEMETO.

JlabopamopeH ekcriepumeHm 2011 e.

EkcnepumeHTanHata nocTaHOBKa BKMOYBaA: fabopaTopHa Yalwa, B KOATO € Hacunal u
ynnbTHEH cybetpat ,bankaHun”, dpakuma 2,5-3,2 mm; kanunspHa Tpbbuyka, nocTtaBeHa 3ag
MepHaTa NuHWMMKa Ha JawaTa; BogocHabauTenHa cuctemMa 3a nogaBaHe Ha BOoda C KOpUrMpaHo
konnyectBo oT 57 ml 3a gocturaHe Ha Ha4vanHo HMBO Ha ot4yeT hy = 35 mm. Cnen nogaBaHe Ha
BoJaTa B npoabibkeHne Ha okono 15 s, 3anodsa eQHOBPEMEHEH OTYET Ha HMBOTO HAa KanunsipHoO
usguraHe M Ha rpaBMTaUMOHHO CMadawoTo HMBO Ha cBoboAHaTa BoAda B KanunsipHaTa TpbbOuuka.
Buoeokamepata npaBuM nokagpoBM 3anucu Ha [ABeTe HuMBa C noaxoaswa ckopocT. O6uwoTo
BpeMeTpaeHeTo Ha 3anucute e okorno 24-28 yaca. Bceku 3anvcaH kagbp ce obpaboTtsa 3a no-ronsimM
KOHTPACT Ha n3006paXeHMeTo 1 3a MO-TOYEH OTYET Ha JOCTUrHaATUTE HMBA Ha BoAaTta.

OT cHeTUTe JdaHHM ce M34MchsBa TeKyllaTa pasnMka Mexay HMBOTO Ha KanumsipHOTO
n3guraHe M Ha rpaBMTaLMOHHOTO cnajaHe Ha BojaTa 3a BCAKO OTYETHO Bpeme. Tasu pasnuka ce
[obaBsa KbM HavarHoTo HMBO hy 1 ce MOCTposiBa NpOrHo3HaTa KpMBa Ha kanwunsipHo usguraHe 3a 0-g.
lMony4yeHaTa KpmBa ce cpaBHsBa ¢ AaHHUTe 3a cekums Clll Ha kocmmnyeckusa ekcnepumeHT ,,CybeTtpat”.

PesynTtaTtun

Pesynmamu om exkcnepumeHm ,,Cybcmpam” (0-g u 1-g) 1985 e.

Cnen npunaraHe Ha matemaTtudeckmst mogen (ypaBHeHuss 1 u 2) KbM pesyntatute oT
KOCMWYECKNSI EKCMEPUMEHT, € MpoBepeHa MpUIIOXMMOCTTa Ha M3bpaHus Mogern, TOYHOCTTa Ha
BM3yarHUs OTYET, HanpaBeH OT KOCMOHaBTUTE 1 e onpegeneH koeduuneHTsT K (durypa 5) —

6 3,E-03

A 0-1vac

O 1-24vaca y = 2E-08x + 0,0003
— Linear (0-1 yac)
— Linear (1-24 yaca)

2,E-03 4

(h-ho? [m?]

1,E-03 4
@ h-hO (t) ekcnepumeHTanHa [cm]

y = 6E-08x + 2E-05

KanunspHo nsauraxe h-h [cm]

— h-hO (t) TeopeTnyHa [cm] 5
0 g T T T : : : : 0,E+00 & R =097 . . !
0 4 8 12 16 20 24 28 32 0,E+00 2,E+04 4E+04 6E+04 8E+04 1,E+05
Bpewme [qacose] Bpewme [s]

a. .
dur. 5. (a) MpunaraHe Ha mogena h-hy = f(t) 3a K = 1,5.10® m?/s KkbM AaHHWUTE OT KOCMUYECKUS €KCMEPUMEHT OT
1985 r.; (6) NMpoBepka Ha NPUIOXUMOCTTA Ha MoAena (h-ho)2 = K.t 3a cblUUTE JaHHU
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Cnen npwunaraHe Ha ypaBHeHMe (3) KbM [aHHUTE OT KOHTPOJIHUS €EKCMEPUMEHT ce
KOHCTaTupa, Ye npu paBHU Opyrn napameTpu (o, O, i, p, §), EKBUBANEHTHUAT pagauyc Ha Kanunspute
e Hag 1 nopsiabk No-MasbK OT EKBUBANEHTHUS paaunyc, onpeaernieH 3a KOCMUYECKUS] EKCIEPUMEHT.

Pesynmamu om u34yucrieHusi, CbasiacHO meopemuYHusi Moders

C nomouta Ha ypaBHeHus (1), (2) n (3) ca M34YMCNEeHN N MOCTPOEHN KPUBUTE Ha KanunsipHo
usguraHe Ha BOAA B eKBUBarneHTeH kanungap 3a 0-g v 1-g n egHakBM CTOMHOCTWM Ha MapameTpuTe
6=0,0728 N/m, n=0,001002 N.s/m?, cos®=1 u r,=10° m. N36paHuaT ekBnBanNeHTEH paanyc re 3a Teaun
nsuucriennst e 1-2 nopsigbka no-ronsm oT ONpefeneHnTe 3a ropHuTe ABa eKCnepumMeHTanHn crnyyas,
KOETO rapaHTipa NpUIIoXnMoCT Ha pe3ynTaTuTe nNpy NpoMsiHa Ha gpyrute napametpu (Purypa 6.a).

[BeTe TeopeTnyHM KpMBW, NpeacTaBeHn Ha durypa 6.6, cbBnagaT HanbiHO MPU HavanHUTe
ycnoBust Ha ekcnepumeHT ,CybcTtpaTt” - BUcodmHa Ha cybctpatHusa crion go 0,1 m un Bpeme o 30
yaca. Tosu pesynTaT Mokas3ea, 4Ye CboOOLIEHOTO B [4] KanunsipHO wu3guraHe npu KOHTPOISTHUSA
eKkcrnepumeHT oT 1985 r. BepoATHO He OTroBaps Ha AeCTBUTENHOTO.

5,E+04 0,1
' ]

., 4E+04 - / . 0,08 -
£ S
= —e—h[m] 0-g = L
S 3,E+04 ¢ 0,06
I 7 —o—h[m]1-g z T
T
8 2404 | 8 0,04 o]
5 o —0o—0 usJ

1,E+04 - 0,02 —e—h[m] 0-g {

f/ —o—h[m]1-g
0,E+00 0 f
0 S5E+12 1E+13 15E+13 2E+13 0 6 12 18 24 30
Bpeme [yacose] Bpewme [4acoBe]

a. b.

dur. 6. TeopeTU4HU KpUBY Ha KanunsapHoO nsgurade, usducnexun c nspasute (1), (2) n (3) npm
napameTpu: 6=0,0728 N/m, n=0,001002 N.s/mz, c0s®=1 1 re=10"° m; (a) Bua Ha KpuBuKTE Npu Hensyepnaem
M3TOYHUK Ha BoAda M gocTuraHe Ha hmax Npyu 1-g; (6) CbBnageHne Ha ABeTe KpuBK 3a Bpeme okono 30 yaca

Pesynmamu om nabopamopHume ekcnepumeHmu 2011 e.

HoBata dyHKuMa npu ToBa u3MepBaHe ,Cnapallo HMBO Ha rpaBWTaLMOHHATa BOAa BbLB
dyHKUMA OT BpemeTo” gaBa MHMOpPMauusi 3a Tekyllata NpomMsiHa Ha HUMBOTO hy Mo Bpeme Ha
ekcrepMmeHTa. KanunspHute cvunu, KOMTO uUsgurat BogaTta B MUKponopuTe, TpsibBa Aa npeogonsisat
M TEKyLOTO crnagaHe Ha Bogarta B ,pe3epBoapa’ [ho(t)] n B pesynTtaT, peanHoTo KanumisipHoO usguraHe
npeacTaensiBa cyMaTa Mexay pPerucTpMpaHuTe BUCOYMHM Ha KanumsipHO M3aWUraHe u rpaBUTaLMOHHO
cnafjaHe Ha BodaTa OT HayanHoTo HUBO hg. [laHHWTE ca npeacTaBeHun Ha curypa 7.

0,06 0,06
—A
A

z 0,05 — 0,05
‘s 0,04 E 0,04
g —&— KanunapHo HuBo [m] ]
T 0,03 1 s 0,03
3 —o— Cnagallo Hvso [m] 5
g 0,02 *E‘:‘t\ﬂ & 0,02
0

0.01 1 ﬂ\n\ﬂ\% 001 — KanunsapHo muHyc | |
! L\D‘%\u ! rpaBUTaLNOHHO HUBO
0 0 ‘ 1 1 1
0 6 12 18 24 30 0 6 12 18 24 30
Bpewme [yacoBe] Bpeme [yacoBe]

a. b.
®ur. 7. (a) AaHHn oT nabopaTopHNS eKCNepuUMEHT 3a AUHamMuUKaTa Ha KanunspHOTO n3guraHe Ha BogaTa
W Ha rpaBMTaLMOHHOTO CNafaHe Ha HMBOTO Ha cBoboaHaTa BoAa;
(6) KpuBa Ha peanHoTo KanunsipHO n3guraHe Ha BogaTta B cybcTpaTta

Ha curypa 8 ca npeacraBeHn BCUYKM pe3ynTaTn OoT ekcnepumeHTn npes 1985 n 2011 r. Kakto
npu opurnHanHusa ekcrnepumeHT ,CybcTpaT”, Taka u npu nabopaTopHUs EKCNEPUMEHT He € MpaBeHo
NoBTOPEHWe Ha NpoBeAeHNTEe N3MepBaHNsA 3a cTaTUCTMYecKa JOCTOBEPHOCT.

AHanus Ha pe3yntaTtuTte

CnaByeB [2] kOMeHTMpa MofydYeHUTe LaHHU OT [ABaTa ekcnepumeHta 1985 r. u npasu
npeanorioXxeHnda 3a BIIMAHNETO Ha NOBbPXHOCTHOTO HaNpeXeHne U Ha bIbfla Ha OMOKpAHEe Ha BoAaTa
BbPXYy 3aBUCUMOCTTA “AbIDKMHA Ha KanunspHOTO NpuaBMxBaHe Ha BogaTa h BBLB yHKUMs oOT
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BpemeTo t”. Mo-marnkata BMCOYMHA Ha KanWnsipHOTO M3guraHe Ha BodaTa B 3eMHUSI eKCTIepUMEHT,
CNpsIMO KOCMUYECKMs], € 0BsICHEeHa C BNUSHMETO HAa 3eMHOTO YCKOPEHME.

[loknagBaHUTe MONOXUTENHN Pe3ynTaTh OT AOMbIHUTENHUTE 1abopaTOPHU EeKCMEPUMEHTU
npeacTaensiBaT efHa NMpoBepka Ha uagurHatata Xunotesa U ca CTUMYN 3a NpoAbibkaBaHe Ha ToBa
uscrenBaHe.

0,09
(0]
0,08 o
0,07 oo fo/
0,06 1 .yo/oc/
\ A A A
0,05 - s

—o— Mpepswxaaxe [m]
@ [letateneH [m]

0,04

i
|

Boanu Husa [m]

0,03
002 7““;10 A Kontpona [m] |
, —a— KanunspHo Hueo [m]
0,01 %M —o— Cnapauo Hugo [m] ||
0 T T
0 6 12 18 24 30 36

Bpewme [4acoBe]

dur. 8. Ha egHa rpacduka ca npeactaBeHn pe3yntaTute oT: KocMuyeckms ekcnepumeHT 1985 r. (JletateneH),
KOHTponHus ekcnepumeHT B Mocksa 1985 r. (KoHTpona), nabopatopHus ekcnepumeHT 2011 r. (KanunspHo HMBO,
Cnagalyo HMBO) U NporHo3Hus pedynTat ot 2011 r. 3a noBeaeHneTo Ha BogaTa B 6e3ternosHocT (MpeasmxkaaHe)

[aHHnTe, npenctaBeHn Ha dwurypa 8, nokasear, ye cref AOMbAHUTENHW MPOBEPKM Ha
XunoTesaTa, We MOXe Aa ce npeaswkaa noBeaeHneTo Ha Bogda npu 0-g B nopectu cpean, nogobHu
Ha cybcTpart ,bankaHuvH’, camo OT pesynTaTute OT aHanorMyHu uamepsaHuss npu 1-g. Takasa
Bb3MOXHOCT € A0CTaTbyHO OCHOBaHWE fa ce npoabikaT nscnensaHusita B crieHUTe NoCOKMK:

1. MartemaTnyecko onucaHue Ha €eOHOBPEMEHHUTE MpoLecM Ha KanungpHo wusauraHe u
rpaBuTaLMOHHO cnajaHe Ha BoAaTa.

2. [JOonbrHUTENHU NOBTOPEHMSA Ha NnabopaTopHUS eKCNepUMEHT C Tasu hpakumsa 3a nonyyYaBaHe Ha
cTatucTmyecka JOCTOBEPHOCT.

3. WManonsBaHe Ha NO-TOYHM METOAM M CPEeACTBa 3a JOCTOBEPHA perucTpaums Ha BOgHUTE HUBA.

4. TlpoBepka Ha xunoTesarta C NMOMOLLTA Ha gaHHWUTe 3a gpyra dpakuma (1,0-1,5 mm) Ha cybeTtpaT
.bankaHuH" oT ekcnepumeHT ,CybcTpaTt” UM ¢ 4aHHU OT APYrY eKCNEPUMEHTU, NMPOBEAEHN NpuU
0-g.

3akntoyeHune

Bb3 ocHOBa Ha pe3yntatuTe OT eAuH KOCMUYECKN 1 3eMeH ekcnepuMeHTH 3a onpegensHe Ha
OWHaMuKaTa Ha KanungpHo wsgMraHe Ha Boga B nopecta cpepa (cybetpaTt ,bankaHuH™) u
HanpaBeHUTe M3YUCIeHuATa ¢ nomowTa Ha ypaBHeHus (1), (2) n (3) e usgurHata u nposepeHa
XvnoTesa 3a npeobnagasallo BAMSHWE Ha KanUNsapHUTE CUNW NpW U3gUraHeTo Ha Boda B MUKPOMoOpU
¢ paguyc go 1-2 um u gebenuHa cybetpatHusa cnon go 0,1 m. lNMonyyeHuTe gaHHW 1 pesyntatu ot
nposefeH AonbrHUTeneH nabopaTopeH eKcnepuMeHT Moka3BaT [Jobpo cbBnageHue Ha
npeaBMaeHOTO noBedeHne Ha Bogata B 6e3TernoBHOCT C AaHHMTE OT KOCMMUYECKUS! eKCrepuMeHT
,CybcTpaT” o1 1985 .

BnarogapHocT

ABTOpPbBT M3ka3Ba bnarogapHocT Ha [naHa AHToHoBa oT MKCU-BAH, MNeopru Bacunes ot M-
BAH n CeetnaHa CanyHoBa 3a TAXHaTa LEHHa NOMOLY, NpW nNpoBexaaHeTo Ha nabopaTopHuTe
EKCNepuMeHTH, O6p360TKaTa Ha MHq)OpMauMﬂTa N KPUTUHHNA KOMEHTap Ha Ta3n gerimkatHa MmaTtepus.
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NOBEAEHUE HA OATYUKA 3A OTHOCUTEINHA BJTAXXHOCT HA Bb3[YXA
B KOCMUYECKA OPAHXEPUA ,,CBET” NO BPEME HA 54 IHEBEH
EKCNEPUMEHT B MUKPOIrPABUTALIUA

MnameH KoctoB

UHemumym 3a KocMmuyecku uscredsaHusi U mexHonoauu — bbnzapcka akademus Ha Haykume
e-mail: plamen_kostov@space.bas.bg

Knrovyoeu dymu: kocmuyecka opaHxepusi ,Ceem”, opbumarnHa cmarnyusi ,Mup”, mexHonoauyeH Modyn
.Kpucmarn”, omHocumernHa enaxHocm Ha 8b30yxa, 0am4uK, I0KaIHO rpeapsieaHe, MPeosnaxHsisaHe.

Pe3rome: OcHosHa 3a0adya Ha Mbpeusi emarn om eKcriyioamauyusima Ha KocMu4yecka opaHxepus ,Ceem”,
pa3pabomeHa 8 MlHcmumyma 3a Kocmu4decku uscnedsaHusi - BAH, Cogpus, bewe, 0a ce nomebpdu HeliHama
pabomocnocobHocm Ha 6opda Ha opbumanHama cmaHyus (OC) ,Mup”. Hakou ocobeHocmu om pabomama Ha
anapamypama He ca nybnukyesaHu u obcbxOaHu Ooceza. Llen Ha moea u3cnedeaHe e Oa ce OUeHU
rnogsedeHuemo Ha dam4vuka 3a OmMHoOcumesiHa ernaxHocm Ha 8b3dyxa (BB) e ycrosusi Ha MuKkpozpasumayusi.
HanuyHu dokymeHmu, rnposedeHuU u3mepeaHusi U u34yucriieHusi Ookasgeam, ye Oamyukbm BB e pabomun
HOpMaITHO Mpe3 Ysriomo epeme Ha Kocmuyeckusi ekcriepumeHm om 1990 e. M3yucneHo e, ye 8 ycriogusima Ha
npuHyOumenHa eeHmunayus (0,25 wm/cek) 8 opaHxepusima, enaxHocmma Ha 6b3dyxa 6 30Hama Ha
pacmeHusima e npakmu4yecKku pasHa Ha enaxHocmma Ha eb3dyxa 8 OC. 3a nbpeu nbm ce Aoknadeam OaHHU
om Odamyuyume 3a memnepamypa TB2 u 3a enaxHocm BB, koumo ca pesucmpuparnu sisrieHusima ,J/10KaslHoO
npeepsisaHe” (0o 35°C) u ,J10kanHo npeosnaxHseaHe” (00 90%) Ha eb30yxa 8 30Hama Ha pacmeHusima 8
nepuoda 41-43 OeH om ekcrniepumMeHma. AHanu3upaHu ca ycrosusma 3a [osiea Ha me3u SI8/IEHUS.
KoHcmamupaHo e, 4e nopadu 6e3omkasHama paboma Ha no-2onsgMama 4Jacm om arnapamypama, mozam 0Oa
6n0am u3ssicHeHU Hsikou demalisiu om pabomama Ha opaHXepusima, Ha ModdbpXKauwjus eKun U Ha ekurnaxa Ha
OC ,Mup” no speme Ha ekcriepumeHma. HanpaseH e u3g00, ye npu u3pabomeaHemo U KOMIIEKMye8aHemo Ha
6b0ewu u3denusi € He06xo0uUM 8x0051L, KOHMPOJT Ha 8CEKU 8Bb3€ET 10 NMpeds8apumesiHo cbasiacysaHa Memoouka.

AIR HUMIDITY SENSOR BEHAVIOR IN THE SVET SPACE GREENHOUSE
DURING A 54-DAY MICROGRAVITY EXPERIMENT

Plamen Kostov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: plamen_kostov@space.bas.bg

Key words: Svet space greenhouse, relative air humidity, sensor, Mir orbital station, Kristall technology
module, local overheating and over humidity.

Abstract: A primary goal of the first exploitation stage of the Svet Space Greenhouse, developed in the
Space Research Institute — BAS, Sofia, was to verify the equipment operating efficiency onboard the Mir Orbital
Station. Some special features of the hardware operation have not been published and discussed till now. The
objective of this work is to assess the relative humidity (RH) sensor behavior under microgravity. Available
documents, measurements and calculations suggest that the RH sensor functioned normally all the time during
the 1990 space experiment. It was calculated that under the forced ventilation conditions in Svet (0,25 m/sec) the
air humidity in the plant area was practically at the same level as in the Orbital Station environment. Experimental
data from the temperature (AT2) and RH sensors, recording “local overheating” (up to 35°C) and “local over
humidity” (up to 90%) in the plant area at the 41-43rd day of the experiment are reported for the first time. The
conditions in which these phenomena appear are analyzed. It was ascertained that because of the flawless
equipment functioning some details in the hardware operation and the actions of the experiment supporting team
and Mir space crew during the experiment can be explained. The conclusion was made that when such
equipment is produced and assembled in the future input control of each assembly according to preliminary
coordinated methods will be necessary.
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M3nonsBaHu CbKpalweHuns

KO ,CeT” KOocMUu4yecka opaHxepus ,CeeT”

OoC ,Mup” opbuTtanHa ctaHuusi ,Mup”

TM ,Kpuctan” TexHonornyeH moayn ,Kpucran”

MKC MexayHapogHa KocMMYyecka CTaHums

*MBIN - M3, Mocksa UHCTUTYT Meauko-brnonoruyeckux npobnem - MMHUCTEPCTBO 34paBOOXpaHEHNs]

*N®P - BAH, Codus WHCTUTYT no cpmsmonorns Ha pacteHusaTa - bbnrapcka akagemusi Ha HaykuTe

*YKW - BAH, Codusn MHCTUTYT 3a KoCMUYeCcku nscneaBaHuns - bbnrapcka akagemus Ha Haykute

*UJTOXM - BAH, Codma LleHTpanHa nabopaTopusi o onsnkoxmmmnyHa mexaHuka - bbnrapcka akagemusi Ha
HaykuTe

Nno-1, No-2 netatenHu obpasum Ne 1 n Ne 2 Ha KO ,CseT1”; Ne 2 e netan Ha OC ,Mwup”

BY 6nok 3a ynpaeneHue Ha KO ,CseT”

BEBP 6nok 3a pa3suTune Ha pacteHusaTa Ha KO ,CeeTt”

BO 6nok 3a ocBeTreHne Ha pacTteHuaTa B KO ,CeT”

BC BereTauMoHeH Cb/ 3a pa3BUTHE Ha KOPEHUTE Ha pacTeHnsTa

napameTsp ,BB” OTHOCUTErNHa BNaXHOCT Ha Bb3ayxa B BBP

napameTsp , 1B1” Temnepatypa Ha Bxoasawms Bb3ayx B KO ,Ceet”

napametsp ,TB2” Temnepatypa Ha Bb3ayxa B BBP Ha KO ,CseT”

napametsp ,M1MO” NPOABbIMKMTENHOCT Ha Nepuoja Ha OCBETIEHME Ha pacTeHusiTa

AUMN aHanoroeo-LMdpoB npeobpasyBaTen B cbcTaBa Ha BY

* OTbensisaHNTE UMEHa Ha MHCTUTYLMKN ce oTHacAT 3a 80-Te roanHM Ha XX Bek.

BbBegeHue

Mpe3 80-Te rogMHn Ha XX Bek Oelle M3BbpLUEHA Hay4yHOM3CredoBaTericka M MPOEKTHO-
KOHCTPYKTOpCka paboTa no cb3gaBaHeTo Ha KO ,Cet”. bsaAxa npoumsBefeHU HSAKOMKO MbSHU
Komnnekta anapatypa. Npe3 1990 r. eanH oT ABaTa netaTtenHu komnnekra (J10-2) 6ewe mMoHTUpaH
Ha Bbopga Ha TM ,Kpuctan”, konto 6ewwe n3BegeH B opbuta Ha 31 Man 1990 r. u npUCbEaMHEH KbM
OC ,Mup” Ha 10 KOHM 1990 r. MbpBuAT KocMuyeckn ekcnepumeHT ¢ KO ,CeT” Gelwle npoBeaeH B
nepmoga 15.06+08.08 1990 r. PeayntaTtu ot pabortarta Ha KO ,CeT” ca goknagsanu B [1, 2].

OcHoBHa 3agaya Ha nbpBUs eTan oT ekcnnoatauusata Ha KO ,CeeT” Gewe ga ce nomnyyu
NOTBbPXKAEHME 3a HelHaTa paboToCcnoCOBHOCT B KOCMWMYECKU YCMOBMA W Oa ObgaT oueHeHu
NPoayKTUBHOCTTa M 0COBEHOCTUTE Ha OHTOreHe3aTa U MopdoreHesaTa Ha pacTeHusTa, oTrneaaHun B
MUKpOrpaBuTaums.

[aHHKW 32 HAKOU M3mMepBaHM NapameTpu Ha okonHata cpega B KO ,CBeT” He ca cbobLiaBaHm
M aHanuavpaHu B nybnukaumu. Hanpumep, noBegeHneTo Ha gatyvka BB w gaHHuTe, nomyyeHu ot
Hero, He ca obCcbXAaHW. YYacTHUUWUTE B eKCrepuMeHTa ca Npuenu, Ye AaHHUTE OT TO3W AaTyuK ca
HeaeKkBaTHWN U BEPOSATHO TOW € NMOBPEAEH.

Llen Ha n3cnegBsaHeTo € Ja ce HanpaBu OLEeHKa Ha noBedeHneTo Ha gaTtymka BB B ycnosus
Ha MUKporpaBuTaumsl, Kakto M Ha octaHanute 6nokoBe Ha KO ,CseT’, umawm BruvsiHME BbpXY
pabotaTa Ha TO3u gatduk. [lyGnukyBaHeTO Ha pesyntatuTte OT TOBa M3cregBaHe € HAaCOYeHO KbM
noBuLIaBaHe Ha Ka4yecTBOTO Ha paboTa nNpu egHa 6baeLLa paspaboTka.

lMpeomeT Ha TOBa uM3cneABaHe ca TenemeTpuyHuTe [AaHHU OT MbPBUA  KOCMUYECKM
ekcnepumeHt ¢ KO ,Ceet” npe3 1990 r., nybnukauum 3a pesyntatute OT eKCNepuMeEHTa,
TexHuveckata fokymeHtauusa Ha J10-1, NNO-2 [3], npoToTunute Ha nsnonssaHute B KO ,CBeT” BL3NU 1
4p., KOUTO cbabpXaT MHopMaLus 3a paboTtaTa Ha aatyumk BB Ha 3emsTa n B Mukporpasutaums.

MaTtepuanu n metoau

OTHocHTEenHaTa BRNaXxHOCT Ha Bb3gyxa B BBP e eanH oT knumMaTU4HMTE napamMeTpu B 30HaTa
Ha nucTaTta Ha pacTeHusiTa, KOWTo e HabnogaesaH u pernctpupa. JatunksT BB, 3aegHo ¢ patyuuk 3a
Temnepatypa TB2 u ¢ gatuuk 3a ocBeTtneHue IMMNO, ca MOHTUPAHW B LUNUHAPUYEH ONOK, KONTO €
cbeamHeH BO c Bucsawa wadra (dur. 1). BeHtunatop, pasnonoxeH B bO, cb3gaBa npuHyauteneH
Bb34yLleH MOTOK cbc ckopocT 0,2-0,3 m/cek npe3 uenus obeM Ha opaHXepudTa B NOCOKa OTAOMY
Harope. bnokbT ¢ gatunumTe € 064yxBaH HEMPEKLCHATO OT BNM3aALLMSA B OpaHxepusita Bb3gyx oT TM
.Kpnctan”, ocBeH B criyyanTe Ha nbpBOHa4YanHo 3apexaaHe Ha BC c Boga (lMporpama 2).

OatumkeT BB e wusyano Gbnrapcka paspabotka M e npoektupaH ot Xpucto [obpes,
duankoxmmuk B LIJTOXM npu BAH. MNo-nogpo6Ho onncanne moxe ga o0bae HamepeHo B [4]. JaTumkbT
€ OT noTeHuMoMeTpudeH Tun. Ton npeactaBnsiBa [Be ranBaHWYHU KMEeTKW, egHata OT KOUTO e
XepMeTU4ecKn KarncynosaHa npu snaxHoct 40%, a gpyrata uma npsK KOHTAKT C OKOMHWUS Bb3AyX.
[lBeTe kneTkn ca CBbpP3aHM NOCregoBaTeNHO M NPOTUBOGA3HO 3a TemnepaTypHa KOMMneHcauus Ha
n3XodHua curHan. [daTyuvkbT e MOKPUT C Bb3dyxonponycknuea xuapocobHa matepusi. Herosute
pasmepu ca - agnameTbp 6 MM U BUCOYMHA 12 MM.
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our. 1. (a.) Mornen B kamepara 3a passutue Ha nuctata B BBP u (6.) BbHWeH BYA Ha 6rioka ¢ aatyvum BB, TB2
n MNO, MmoHTMpaH Ha BucALwa waxra ot bO, no Bpeme Ha 6opaoBMSA ekCriepuMeHT

3a cHemaHe Ha rpagyMpoBbBbYHaTa XapakTepucTuka Ha gaTyuka Oelue MpoekTupaH ypen 3a
nogabpXaHe Ha NOCTOSHHA OTHOCUTENHa BNAaXHOCT Ha Bb3fyxa B efQHa uamepsarternHa kamepa npu
pasnuMyHM TemnepaTypu Ha Bb3gyxa. C HeroBa nomouy Gelwle onpegeneHa npeobpasyBatenHata
XapaktepucTuka Ha gatuuka BB = f(Up), [5], KoaTo ce onncea ¢ ypaBHEHWETO:
BB = By + B1.Up + B2.(Up)® + B3.(Up)® + B4.(Up)*,
KbOeTo: By = 37,2189266564; B; = 0,066654491889; B, = -1,583873690E-04;
B; = 1,88311E-07; B, = -5,7E-11; Up - n3Xo4HO HanpexXeHue Ha gaTtynka B mV.
CroiiHoctute Ha BB 3a Bcska cTbrka Ha Ug oT 20 mV ca 3anucadn 8 EPROM R.9.1. Ha BY
KaTo enekTpoHHa Tabnuua 3a npeobpasyBaHe Ha Up B npoueHTn BB (40-99%), dur. 2 [BB(Up)]. B
npotieca Ha nabopatopHuTe n3nuTaHusa Gelle HanpaBeHO eNeKTPOHHO oTMecTBaHe Ha Up ¢ +280 mV
1 nocneaeawo ycunsaHe 3,3 nbTu, cur. 2 [BB(Ug+280)*3,3]. ToBa HopmupaHe Ha Up ce Hanoxwu
nopagu @axra, Ye 4acT OT XapakTepucTukaTa Ha JaTyuka vma oTpuuartenHu ctomHoctn Ha Up, a
nanonadyBaHmat AL paboTu caMo C MOMOXUTENHWM BXOOHW HanpexeHus B AuanasoHa 0++5 V.
HonbnHutenHo 6elle NocTaBeHO U3NCKBaHe, BXOAHUTE HanpexeHns Ugayn oT 0 o 1120 mV ga ce
nsobpassasart u permctpupart kato 40% BB. HoBaTta npeobpasyBaTtenHa xapakTepucTuka e rnokasaHa
Ha wur. 2 [BBrasnmia ], @ HOBaTa Tabnuua 3ameHn mbpBoHavanHo 3anncaHata 8 EPROM R.9.1.

100
80 -
g 60
g /
40 / === BB(Un) N
*
20 BB(Ua+280)*3,3 | |
/ = = =BB 1abnmua
O T T T T
-1000 0 1000 2000 3000 4000 5000

HanpexeHune Ha Bxoga Ha AL [mV]
®ur. 2. Pa3suTre Ha kanMbpoBbYHaTa XapakTepucTuka Ha aatymnka BB

OnepaTtunBeH KOHTPON Ha neTaTenHusa ekcnepumeHT oT 1990 r. € OCbLUECTBEH OT €KUM PyCKu
yyeHu, nog pbkoBoacTtBoTO Ha A. J1. MawwvHcknin B8 UMBIT, MockBa, KOMTO aHanuampa nosiydeHata
TenemeTpuyHa WHopmaums oT npegxogHuTe 24 4aca u npegaBa KOMaHOu OO KOCMOHaBTUTE C
nomoLyTa Ha paguorpamy. 3aKkbCHEHMETO BbB BPEMETO, OT Bb3HWKBAHE Ha M3BbHPeAHa CMTyauus go
n3BbpLUBaHe Ha uckaHuTe npomeHu B pabotata Ha KO ,CseT”, e 24-48 yaca.
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PesynTtaTtu ot netatenHus ekcnepumeHT 1990 r.

100 50
90 = t 45

BB uHaukauusa [%]
TB1, TB2 [°C]

0 T T
15.6.1990 30.6.1990 15.7.1990 30.7.1990 14.8.1990
Bpeme Ha ekcnepumeHTa

dur. 3. TenemeTpryHu faHHM Ha napameTpute BB 1 TB2 B 30HaTa Ha nuctaTta n Ha TB1 Ha BXO4sALWMS Bb3OyX B
KO ,CseT” o1 TM ,Kpuctan” no Bpeme Ha netatenHus ekcnepmmMmeHT ot 1990 r.

Ha drypa 3 e HauepTaHa rpacuka Ha napametpute BB, TB1 n TB2 no nonyyeHute
TenemeTpuyHuTe AaHHu ot KO ,CeT” 3a Lenusa kocM1M4ecku ekcnepumenT - 16.06.+08.08. 1990 r.

HanHnTe 3a BB nokassat egHO MOHOTOHHO MOBeAEHWE CbC cpefHa CTOMHOCT 62% 1 Manka
aOvHamuka. TemnepaTypHuaT gatyuk TB1 namepBa temnepartypaTa Ha Bb3gyxa B TM ,Kpuctan” n OC
.Mnp”, koATo e nogabpXkaHa okono 20+3°C, n permctpupa egHa no-rofiima gMHamuka B nepuoga 20-
29 KOnm, koraTto Temnepatypata B TM ,Kpuctan” ce noHmkaBa go 15°C cbe ckopocT 1°C/aeHoHoLpme,
cnep koeto 6bp30 ce noBuwaea Ao 27°C cbc ckopocT 2,4°C/oeHoHowme. TemnepaTypHUSAT aaTtymk
TB2 otyuTa cxogHu ctomHocTn ¢ TB1, a B nepmofa 27-28 1onu pernctpmpa fnokanHo nperpssaHe Ha
Bb3ayxa 35°C B 30HaTa Ha nucTtaTa Ha pacteHusita Ha KO ,CeeT”.

AHanus Ha pe3yntaTtute U QUCKyCcus

3a nNpoBedeHOTO M3criedBaHe ca M3MON3BaHW OpUrMHaNHUTE TeneMeTpudHu gaHHu oT KO
,CBeT” 3a netartenHusa ekcnepumeHT oT 1990 r., Hay4yHM nyOnukaumm, NPOTOKONM OT CbBeELLaHus, OT
MCW n nnyHa KopecnoHAeHUMs 1 ap.

[aHHn 3a noBegeHneTo Ha gatumumTe BB, MoHTMpaHu B HAkornko komnnekta KO ,CeeT”, 6sixa
notbpceHn B npotokonute oT wusnutanua [CU-1, TICU-2, akToBe 3a PEMOHTHM AEeNHOCTW,
enekTpuyeckn cxemm Ha OnokoBeTe, obcnyxsawm fatuvk BB, peanHata MakeTHa nnaTka Ha
HOpMUpAaLLWS yCunBaTeN Ha aTyMka, KOATO CIYXM 3a eTanoH npu m3paboTBaHETO Ha neTaTenHute
Opoikun. MiacneaBaHnTe OKYMEHTM Nnokasaxa, Ye enekTPOHHUTE eNeMEHTU, MOHTUPaHU Ha MakeTHaTa
nnaTka CbOTBETCTBAT Ha eNeKTpUYeckuTe cxemu, NpUroXeHu B AOKYMeHTauusaTa Ha usgenuerto. B
OOKyMeHTUTe Ha eaHo oT manutaHuarta NCU-1 Ha J1O-1 e 3anucaHo pasMuMHaBaHe B rnokasaHusiTa Ha
Jatymka BB n Ha eTanoHeH NCUXPOMETBP Hafg AOMYCTMMOTO, KOETO € HaNoXWIo NpeHacTponka Ha
HOpMMpaLLMA yCcurnBaTesn Ha AdaTtyuvka.

CoblecTByBaT ABE He3aBUCUMK MHGOPMaLMKM 3a TOBa, Ye Ha bopaa Ha pyckute opbutanHm
cTaHumm oT ToBa Bpeme (,CanioT” 1 ,Mup”) e nogabpxaHa HUCKa BIAXHOCT Ha Bb3gyxa. Ha
cbBelwaHne B Mockea npe3 1983 r. MawwuHckuii uHopmmpa, Ye Ha cTtaHummte ,CanoTt 6, 7" e
nogAabpXaHa BrnaXHoCT okono 40%, Henoaxoasdila 3a pasBUTMETO Ha BUCLWK pacTeHud. pes 2001 r.
a-p Hosukoea ot WMBI1 cbobwm B pasroBop, 4e Ha obutaemn obektn (OC ,Mup”, MKC) ce
noaabpika HUCKa BIIAXXHOCT C Lien MakcumarnHo 3abaBsHe Ha pa3BUTUETO Ha NNeceHn u Mukpobu.

C nio6esHoTo cbaencteue Ha Aa.6.H. B. H. CeiuéB ot MBI, MockBa, 68xa nony4yeHn gaHHU
3a BRaxHocTTa Ha Bb3gyxa Ha OC ,Mup” 3a BpemeTo Ha ekcnepumeHTa. BnaxHoctta e
peructpupaHa B 6asoBuss mogyn Ha OC ,Mwup”, HO cneumanuMcTuTe ca M3pasuriM YBEPEHOCT, Ye
[aHHUTE MoraT [ie Ce OCPEeHST 3a Lenmst KOMMIeKC.

Ha domrypa 4.a. ca npeacrtaBenn gaHHute 3a BB, pernctpupann ot cnyxebHaTta cucrema Ha
OC ,Mup” n ot KO ,CeeT” 3a BpeMeTO Ha ekcnepumeHTa. Moxe ga ce otbenexu, Ye cpegHaTa
cTorHocT Ha BB, nogabpkaHa Ha OC ,Mup”, e 6una 46%+3%, ¢ n3knoyYeHne Ha nepmuoga 2-4 aBrycr
1990 r., korato kbM OC ,Mup” e npucbeguHeH TpaHcnopTHUAT kopab® TM-10 Ha crneaBawarta
ekcneguuma O0-7. MNpucbeguHABaHETO € M3BBbPLUEHO OT CTpaHaTa Ha mogyna ,KBaHT-1", Hamupaly
ce Ha npoTMBononoxHus kpan Ha OC ,Mup” cnpamo TM ,Kpuctan”. BeposatHute Bapuauun Ha BB B
panoHa Ha KO ,CseT” ca 6unn no-manku ot otyeTeHute Ha OC ,Mup” B TO3M kpaTbKk nepuog oT
Bpeme. OcBeH TOBa, 3a BpPEMETO Ha E€EKCNepuMMeHTa He ca MNpoBeXAaHW EKCNepPUMEHTU ¢
OONBIHUTENHN N3TOYHMLUM Ha Bnara B TM ,Kpuctan”, a camo eKCnepuMeHTU C ENEKTPUYECKN NELLN.

134



100
90
804 -
70 +—; 2
60 . L rr L L mtee e = wvmem At 2o FF 2l K C:OD

50

BB [%]

0 BB
A
30 BB KO ,Caer" [%] TE
20 PB
10 —o—BB OC ,Mwp" [%] <
0 1 ‘
15.10HM 30.10HMn 15.10rm 30.10mm 14.Aeryct
a Bpeme Ha eKcnepumeHTa 6 BBex TB1

dur. 4. (a) - CpaBHeHne Ha aaHHUTe 3a BB, peructpupanu ot KO ,CeeT” 1 oT cnyxebHaTta cuctema Ha OC ,Mup”
n (6) - OueHka Ha BNMUSHUETO Ha TpaHcnupauusaTa u Ha esanopauusaTta (T,E) Bbpxy nosuwasaHeTo Ha BB B
30HaTa Ha pacteHusiTa

3a pa ce oueHu BNMSIHMETO Ha TpaHcnuMpaumsaTa OT pacTeHusiTa U Ha eBanopauuaTa ot BC
(T,E) Bbpxy noeuwaBaHeTo Ha BB, ca HanpaBeHW u34ucrieHnsi 3a BoAHMSA OanaHCc BLB Bb3gyxa B
30HaTa Ha pgatyuka (durypa 4.6.). HayanHute ycnosus ca: obem Ha 3oHaTa - 0,0225 m?; CKOPOCT Ha
Bb3aylWHMA noTok - 0,25 m/s; BnaxHOCT Ha Bxogawwmsa Bb3gyx B KO ,Ceet” BBgy - 46% npu
Temnepatypa Ha Bb3gyxa 1Bl - 21°C; cpegeH pa3xog Ha Boga (PB) - 0,2 n/geHoHowme.
M3uncneHuata nokassat, ye BB ce nosuwasa ¢ 0,5% Bcneactsne Ha AONBMHUTENHO BHECEHUTE
BOAHM Mapu OT TpaHCNMpauus 1 eBanopauus B 3oHaTa Ha gatyvka. CnegoBaTtenHo, NokasaHusaTa Ha
JaTtymka npegcrtaBnasat cTonHoctute Ha BB B TM  Kpuctan”, ocBeH B cnydauTe, KoraTo
BeHTMNatopbT Ha KO ,,CBeT” e nskntoyeH (dwur. 6).

AHanua3bT Ha pe3ynTaTtuTe OT HanpaBeHUTe NpPoyYBaHWNA Mokassa, Ye permctpmpaHaTta BB ot
Aatymka Ha KO ,CeeT” e HepeanHo BUCOKa M criefBsa Aa ce NoTbpcu npuyMHaTta 3a Tosa. 3a uenTta
Belle npoBepeH 3anMCbT Ha enekTpoHHaTa Tabnuua 3a npeobpasysaHe Ha Up [mV] BbB BB [%],
cbrnacHo dwurypa 2, HanpaseH B EPROM R.9.1. Ha BY. Pesyntatute OT wu3MmepBaHeTO ca
npeactaBeHn Ha curypa 5. lNonydeHata kpuea [BB [%] ALI] cbwectBeHo ce pasnuyasa OT
HeobxogmmaTa [BB [%] no 3agaHue]. ToBa pa3smmHaBaHe Ha ABeTe Tabnuuu BEPOSITHO € HanoXuso
Ha HSKaKbB eTan oT uanuTaHuaTa Ha J10-2, enekTpu4eckusT curHan oT gaTymka ga 6bae OTMECTEH C
okono 1000 mV Hansieo, [BB [%] J1O-2]. Camo B TakbB cry4yan, peanHu cTomHocTy Ha BB okono 46%
mMoraTt ga 6waat pervctpupanu ot KO ,Cet” kaTo 62%. Ctpenknte Ha durypa 5 nokassaT MbTs Ha
Tasn TpaHcdopmMauus.
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20 ——BB [%] [10-2
- - - .BB [%] no 3apaHue
10 ‘ —
0 t
0 1000 2000 3000 4000 5000

Usx ALIM [mV]

dur. 5. CbBmecTHa rpacduka Ha enekTpoHHaTa Tabnvua Ha npeobpasysaHe [BB [%] ALIM], 3anncaHa B8 EPROM
R.9.1., Ha kannbpoBbYHaTa Kpmea Ha [BB [%] no 3agaHue], n Ha BEpoATHO OTMeCTeHaTa xapaktepucTtuka [BB [%]
J10-2] Ha paTumka c okono 1V, HansBo oT HeobxoanmaTa no 3agaHue

3anMcbT Ha HETOYHM CTOMHOCTM 3a kanmbpoBbyHaTa xapaktepuctuka B EPROM R.9.1. Ha BY
e Haﬁ-BepOﬂTHaTa OOKYMEeHTUpaHa npuynHa 3a HeCbOTBETCTBMETO MeXAay peariHo maMmepeHarta U
peructpupaHata crtoMHocT Ha BB. ToBa moxe ga obscHeHW wu dpyrM cnydaum no Bpeme Ha
paspaboTkaTa, Npy KOMTO, NPeABapUTENHO HOPMUPAHOTO U3XOAHO HanNpPeXeHne Ha BCEKN JaT4UKK ce €
Hanarano fga 6bae NPOMEHsIHO, 3a Aa ce conmxkaT nokaszaHUsATa Ha KOHTPOSEH NCUXPOMETBbP C Te3n
Ha Jatymka. TakMBa KOpeKuMu ca cb3ganv BnevyaTinieHve 3a HeTovHa paboTta Ha gatymka BB, Ho
npuymMHaTa 3a ToBa He e 6una noTbpceHa.

Pe3yntaTtbT OT HanpaBeHaTa OUEHKa daBa YBEPEHOCT, Ye TeremeTpuyHuTe gaHHu 3a BB
mMoraTt ga 6bgaT npensyncneHn cbrnacHo KpueuTe OT curypa 5, a Taka nonyveHata uHdopmaumaTa
oT gatymka BB Ha KO ,CeeT” ga 6bae npueta 3a gocTOBepHa. YacT OT NpensyncrneHmTe CTOMHOCTU
Ha BB ca npeactaseHu rpadhnyHo Ha curypa 6.
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dur. 6. (a) - NoenwasaHe Ha BB no Bpeme Ha HavanHo oBnaxHsiBaHe Ha cybcTpar ,bankaHuH” ¢ 68 mn/yac Boga
B npoabinkeHne Ha 10 yaca; (0) - ABneHusiTa ,JiokanHo nperpsisaHe n NPeoBNaXHsiBaHe” Ha Bb3Jyxa B 30HaTa
Ha pacTeHusiTa, peructpmpanu ot gatumumte TB2 n BB no Bpeme Ha TemnepaTypHa UHBEPCUS]

pacdhmkaTa Ha curypa 6.a. npeactasa BB no Bpeme Ha uanbnHeHue Ha [llporpama 2" 3a
NMbpBOHAYaNHO OBMaXHsiBaHe Ha cybcTpaTta. Tasu nporpamMa ce xapakTepuaupa C MHXEeKTUpaHe Ha
680 mn Boga B obema Ha cybeTpat ,bankaHuH” (cpefa 3a pa3BuUTME Ha KOPEHUTE Ha pacTeHusiTa BbB
BC), B npogbmkeHne Ha 10 4yaca. XapakTepHo 3a cybcTtpat ,bankaHuvH” e noBuwaBaHETO Ha
HeroBaTa TemrepaTtypa Mo BpeMe Ha NbpBOHAYarHO OBMNaXHsABaHe, BCNEeACTBME Ha XUMUYECKU
peakuum OT B3aMMOLEWCTBMETO Ha XMMUYECKUTE BellecTBa, C KOMTO u oborateH cybcTpata, C
WHXeKkTupaHaTta Boga. 1o Bpeme Ha U3nbfHEHNETO Ha Ta3u nporpama, BeHtTunatopsbT Ha KO ,CeT” e
nskntoveH. Taka, Bb3ayxbT B BBP octaBa msonupaH ot cpepata Ha TM ,Kpuctan” n ce cb3agasar
YyCroBMS 3a MofyyaBaHe Ha fokanHa TemnepaTypHa WHBEpCMs - TemrnepaTtypaTa Ha BriaXKHWS
cybetpaT TC ctaBa no-Bucoka OT TeMnepaTypaTta Ha Bb3gyxa TB2 B 3oHaTa Ha nuctata Hag BC. BB
ce e noBuwmna ¢ 20-25% 3a okono 12 yaca no gaHHuTe OT gaTtymka BB. ToBa noBegeHune Ha BB B
MUKpOrpaBuMTaLusa € CXOAHO C BCUYKM M3MepBaHusa Ha BB npu nbpBOHayanHo 3apexgaHe Ha
cybetpat ,bankaHun” ¢ Boga, gokymeHTupaHu npu nanutadmsTta NMNCU Ha KO ,CeeT” Ha 3emara.

padmkata Ha curypa 6.6. nokassa perncTpupaHoTo OT gatuuka BB gsneHue ,nokanHo
npeoBnaxHsBaHe” B 30HaTa Ha nuctaTa Ha pacTeHudaTta. [pu egHa nojajeHa HeTodHa KOMaHaa oT
Ha3eMHUs ekurn, obCcnyXBall, eKCnepumeHTa, W MocnenBanoTo HENpPaBUIIHO M3MbIIHEHWE Ha Taswu
KOMaHOa, KOCMOHaBTUTE U3KMNOYBAT BCUYKU U3MbIHUTENHU MexaHu3mu Ha KO ,CeT”, ¢ nsknoyeHne
Ha ocBeTneHneTo. Npu oTcbCTBME Ha NpuHyauTenHa BeHTunaumsa B KO ,CeeT”, ocBeTneHueto ot O
nosuwaea Temnepatypata TB2 B 3o0HaTa Ha nuctata Hag gonyctumarta +32°C u aBToMartuvka
nskntousa BO. OcBeTneHMeTo OTHOBO Ce BKMOYBA MpU MOHWXaBaHe Ha TemnepaTypata TB2 go
+29°C. ToBa ce NOBTaps HAKOSKOKpaTHO. B cbLOTO Bpeme, TeMnepaTypaTa Ha Mokpus cybetpat TC
BbB BC ¢ ob6em 10 am® HenpekbCHAaToO ce MOBWWIABA W B OMpedeneH MOMEHT Tsi MpeBuLIaBa
TemnepaTtypata Ha Bb3gyxa TB2. lNpu nonydyeHata TemnepaTypHa MHBEPCUS 3anoyBa WHTEH3UBHO
u3napeHue Ha Boga OT MOKpus cybcTpaT npes3 Bcuyku otBopu Ha BC. Tosu nuk BbB BnaxHocTtTa (4o
90%) e otyeTeH OT patyuka BB. fABneHneto e perncTpypaHo Mo BpeMe Ha €OHO KPUTUYHO
CbBNageHne Ha TEXHNUYECKM U opraHM3auuoHHN npobnemmn Ha 6opaa Ha OC ,Mup”, GnarogapeHue Ha
narymka BB.

YcnoBusita 3a nosiBata Ha nrneceH Bbpxy MoBbpxHocTTa Ha BC, [6], HabnogaBaHaTa oOT
KOCMOHaBTUTE BefHara crnef onucaHuTe no-rope JokanHo nperpsisaHe (35°C) u npeoBnaxHsiBaHe
(89%) c npogbmkmTenHocTt okono 30 vaca, cera moraT ga 6baart 06scHeHn no-gobpe.

HamepeHaTa TexHM4yecka npuudMHa 3a HeToYHaTa perncrpauus Ha gaHHuTe oT gatyuka BB,
[aBa OCHOBaHWe Ja ce OOMyCHe, Ye ca CbliecTByBanu 1 Apyrm nogobHu obcTosATencrea, KoUTo ga
OBSACHAT MOHWXeHaTa AMHaMuMKa B MOKasaHuWsiTa Ha gaTyuka B obractta Ha HWCKa BAaXHOCT (nog
45%). 3a ToBa, obaye, He Bsxa HaMepeHN OOKYMEHTUPAHU OaKTK.

3aknroyeHue

B1b3 ocHOBa Ha JOKYMEHTU, NPOBEAEHN U3MEPBAHUS U U3YUCINIEHNS MOXe Aa ce TBbpau, Ye ca
HamMepeHn JoKasaTencTea, KOUTo Aa NoTBbpAAT HopManHaTta paboTta Ha gatyumk BB 3a uanoto Bpeme
Ha KocMuyecknst ekcriepumeHT oT 1990 r. bnarogapeHue Ha ©e3oTkasHaTa paboTa Ha gartuiumTte
TB1, TB2, TC, BB n MNMNO morat ga 6boaT nssicHeHuM HAkou getamnun ot pabotata Ha KO ,Ceet”,
noaabpxawmsa ekun u ekunaxa Ha OC ,Mwup”. PeructpupaHu ca siBneHusiTa ,JiokanHo nperpsisaHe u
npeoBraxHsBaHe” Ha 42-1a OeH OT eKCrepyMeHTa U ca aHanuanpaHu ycrioBusiTa 3a TaxHaTa nossa.
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Moxe ga ce HanpaBu M3BoAda, Ye Mpu M3paboTBaHETO M KOMMMEKTyBaHEeTO Ha ObAeLum
nsgenvst e HeobxoouMo [a ce OCbLUEeCTBSIBA 3aObIDKUTENEH BXOAsLL, KOHTPOST Ha BCEKU Bb3en oT
anapaTyparTa no npeABapuTesiHoO CbriacyBaHa MeToauka.

BnarogapHocT

ABTOpBbT M3kasea bnarogapHoct Ha Bnagumup H. Chivés ot MMBI1, MockBa, 'eopru Bacunes
oT UM-BAH, OuaHa AHToHoBa n CeTtnaHa CanyHoBa ot MKCU-BAH, 3a TaxHaTa ueHHaTa nomoLy u
nogkpena npu n3gupBaHeTo 1 aHanmnsa Ha ronsamM o6em nHdopMaLms, 4acT OT KOSITO € NpeAcTaBeHa B
Tasu nyénvkauus.
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Abstract: The presentation outlines the progress of the TeleSCoPE project (Telehealth Services Code
of Practice for Europe).

The project reflects the desirability of defining the standards and a "Code of Practice" at European level
that can coordinate the many devices and services that already allow a good application of telemedicine and
remote monitoring, in particular for patients with chronic disease.

In this respect, the Telehealth Services Code of Practice for Europe that will be published in 2013, will
provide a clarity of definitions, references to standards, some guidelines, good practices, the ability to test and
relative test levels as well as respond to requests for training and education, and explicitly support the
development of eHealth in all EU member states.

OT TEXHOJNNION'MUTE KbM YCIYTUTE: KOOEKC HA JOBPUTE
TENEMEOUWUMHCKU NPAKTUKN B EBPONA

ManuHa WoppaHoBa

UHemumym 3a KocMmuyecku uscriedsaHusi U mexHonoauu — bbnzapcka akademuss Ha Haykume
e-mail: mjordan@bas.bg

Knro4yoeu oymu: TenemeduyuHama, esponelicku npoekm, 006pu npakmuku

Pe3rome: [Joknadbm odepmaea Harnpedwbka Ha rnpoekma TeleSCOPE (Telehealth Services Code of
Practice for Europe).

lMpoekmbm ompa3ssiea Heobxodumocmma om ornpedenisHe Ha cmaHOapmu u "Kodekc Ha dobpume
npakmuku" Ha esporielicko HU80, 3a 0a Mo2am 0a ce KOOpPOUHUpPam MHOXecmeomo ycmpolcmea, Koumo eeye
ca Has/uyHU U no3eosisieam edHo no-006po npunazaHe Ha menemeduyuHama u OUCMaHYUOHHO MOHUMOpPUpPaHe,
0C0beHO Ha nayueHmu ¢ XpOHUYHU 3aborsieaHus.

B moea omHoweHue, "Kodekcbm Ha dobpume npakmuku" Ha ripoekma TeleSCoPE, kolimo we 6bde
nybnukysaHa rnpe3 2013 2., € om U3KIYUMEeIHO 3Ha4yeHue, 3auomo we ocuaypu icHoma Ha mepMuHooausima
u cmaHO0apmume, we sKrroYsa peduya HacoKu u rpumepu 3a 006pu npakmuku, Ha4uHUme 3a mecmeaHemo um
U omHocumesiHUme Huea Ha U3rnumeaHe, Kakmo U We omaoeaps Ha UckaHusima 3a oby4yeHue u Keanugukayus,
U uje criomoeHe 3a pa3sumuemo Ha efleKmpoHHOmMo 30paseornasgaHe 8 Obpxxagume-dyneHKku Ha EC.

Introduction: Telehealth and Related Terms

Telehealth is “the means by which technologies and related services at a distance are
accessed by or provided for people and/or their careers at home or in the wider community, in order to
facilitate their empowerment, assessment or the provision of care and/or support in relation to needs
associated with their health (including clinical health) and well-being. Telehealth always involves and
includes the service user or client. It includes also remote patient management” (TeleSCoPE, 2011).
This term has been used recently in addition to the two other phrases - telemedicine and eHealth.

“Telemedicine” is used to describe the application of information and communication
technologies (ICT) in healthcare. Defined as an application of ICT to provide and support healthcare
and exchange healthcare information when a distance separates the participants, it is a combination
of two Greek words TiAe = tele - meaning “at a distance” and “medicina” or “ars medicina” meaning
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“healing”. The introduction of the word telemedicine is ascribed to Thomas Bird, who in late 1960’s
had used it in order to illustrate health care delivery, where physicians examine patients at a distance
through the use of telecommunications technologies. In 1980’s and 1990’s multiple working definitions
of telemedicine were introduced. Some of them are very wide such as “something to do with
computers, people and health”, others — extremely narrow e.g. “the healthcare industry’s component
of business over the Internet”.

With more involvement of the electronic communication systems, the major International
Organizations - (WHO), European Union (EU), International Telecommunication Union (ITU) and
European Space Agency (ESA) - have officially adopted the denomination "eHealth". "eHealth refers
to the use of modern information and communication technologies to meet the needs of citizens,
patients, healthcare professionals, healthcare providers, as well as policy makers” (EU, 2003).

In 2005, the World Health Assembly recognized eHealth as the way to achieve cost-effective
and secure use of ICTs for health and related fields, and urged its Member States to consider drawing
up long-term strategic plans for developing and implementing eHealth services and infrastructure in
their health sectors.

What is the accurate terminology? Unfortunately, to this very moment, the terminology has
neither been agreed in Europe nor at worldwide level. Paradoxically even between and within the
countries from EU different terms are used to describe one and the same service. Positions differ and
the preferences are usually influenced by individual experience, personal and professional viewpoints.
Thus for some authors telemedicine and eHealth are synonyms. Others accept that eHealth is a
broader term and includes telemedicine. A third group separate the terms, accepting that telemedicine
incorporates telecardiology, teleradiology, telepathology, tele-ophthalmology, teledermatology,
telesurgery, tele-nursing, etc, while eHealth comprises of e-Santé, Information and Communication
Technologies in health (ICT-Health), all types of health communication services, PACS, patient
information systems, e-education, e-prescription, etc.

No doubt, telehealth is the broadest possible expression when the support of users/citizens is
concerned.

The TeleSCoPE Project

Consistency with EU policy

“Telehealth Services Code of Practice fo