MABA 2. IPUHUMINbI HABNTIOAEHUA 3EMJ/IN U3 KOCMOCA

HacToswas rnaea gaet obuiee npeacras/ieHre 0 HabNOAEHUM 3eMAN N3 KOCMOCA, BK/OYas ero
NoTeHLMaIbHbIe BbIFOAbI U OrpaHnYeHuns. B Hell n3ioxeHbl OCHOBHbIE MOHATUSA, OTHOCALLMECS

K opbuTam, n xapaktepHble 0CO6eHHOCTU HabtoAeHns 3eMIn U3 KocMoca. B Hell Takxke
NPMBOAATCA MPUHLUMBI AUCTAaHLMOHHOIO 30HANPOBAaHMA.

21 OPBUTbI U HABJIOAEHUE 3EMJIN N3 KOCMOCA

3a 3emMnei MOXHO Habno4aTh U3 KOCMOCA C PasIMYHbIX OPOUT NPU Pa3NNYHbIX yCI0BUAX
o630pa. B HacTosLeM pa3aene paccmaTpmBatoTCs cnefytoLne Bonpock:

a) noJie 3peHuns CNyTHUKOBbLIX NPUOOPOB;

b) opb6uTtanbHbIN Nepuoa, reoctauoHapHas opbuTa, LUK HabAIOAEHUS U NePUOANYHOCTb
NOBTOPEHUS Op6UTHI;

C) opb6uTanbHas NpeLeccus, CONHEYHO-CUHXPOHHbIE OP6UTHI U ApelidytoLlne opouUThl;
d) annuntuyeckmne op6bUTHI;

e) NyCKOBbl€ YCTAHOBKW 1 BbIBO/, Ha Op6I/ITy.

211 Mone 3peHuns cnyTHUKOB U npuGopos

CaMbiM 60/1bLLIMM NPenMyLLEeCTBOM HablOAEHMIA CO CMYTHUKOBOM NaaTopMbl MO CPaBHEHUIO
C Ha3eMHbIMU HaBNOAEHUAMN UM NPU MOMOLLM LLIAPOB-30H/A0B ABASETCA LUMPOKOe
noTeHLUMaNbHOE Nose 3peHuns uan 3oHa ob6cnyxmsanusa (FOV). CnyTHMKOBbIe NaaThopMbl
HabnoaeHni 06bI4HO paboTatoT Ha opbuTax MUMHUMaNbHOM BbicoToM 400 kM. Bo MHOTMX
cnydasnx nx opbuTbl eLLle 1 Bbillie, BMIOTb 40 reocTaunoHapHom opbutsl (35 786 km). FOV
3aBUCUT OT BbICOTbI OPOUTHI, KOHDUTYpPaL MK N3MePUTENbHON annapaTypbl U LLe/IeBoro
npumMeHeHns. TN pakTOPbl MOTYT OrpaHMYMBaTb NOME3HbIN ANana3oH 3eHUTHBIX yroB (£),
noj KOTOpbIMW MOXHO BeCT HabntoaeHne 3emnn. Ecnm FOV cnyTHuKa xapakTepusyeTtcs
Kak MakCMmasibHoe pacCTosiHMe Ha NOBEPXHOCTM 3eM/u, KOTOPOe MOTEHLMaNbHO MOXHO
BMAETb C BbICOTbI CNYTHMKA NPW AaHHOM 3€HUTHOM YI/1e, TO OTHOLLEeHWe, NpeACcTaBAeHHOoe
Ha pucyHke 2.1, MOXeT 6bITb 3aNNCaHO Kak:

FOV=2R5 /180  sin({-6)=

H+Rsin4’ 2.0

rae R=6 371 km (paamyc 3emnun), H = BbicoTa Op6UTbI B KM, 1 § = FEOLLEHTPUYECKUIA Yron
B rpagycax.

Pucynok 2.1. MNone 3peHns B 3aBUCUMOCTU OT 3€HUTHOTO yrna ¢
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Ta6nuua 2.1. MoTeHUMaNbHOE MOJIE 3PeHUs CNYTHUKA U COOTBETCTBYIOLL UM FreOLLeHTPUYECKUI
yroJ/i B 3aBUCUMOCTU OT BbICOTbI OPGUTHLI CMYTHUKA U 3€HUTHOTO YI/1a, Mo KOTOPbIM BEAETCS
HabnogeHne ydacTka 3emMaum

3eHumHell yzon H=400«m H=600«m H =800 km H=35786 km
07151 PA3/IUYHbIX
npumerenuli FOV 1) FOV ) FOV ) FOV 1)
£=90 4401 km 19,79° 5326km 23,95° 6076 km 27,32° 18082«km 81,31°
(rOpV30HT-rop130HT)
C: 850 o o o o
3423km  15,39° 4322km 19,43° 5057km 22,74° 16978 «km 76,34
(TenecBs3b)
{=70°
(kavyecTBEHHOE 1746 km 7,85° 2405km 10,82° 2980km 13,40° 13752km 61,84°
MCNOJSib30BaHMeE)
{=60°
(konuyecTBeHHOE 1207 km 5,43° 1707 km 7,68° 2157km  9,70° 11671 km 52,48°
MCMNo/b30BaHMe)

B Tabnnue 2.1 npeactaBneHbl 3HaveHna FOV cnyTHMKa (B KM) B 3aBUCUMOCTW OT BbICOTbI
Op6UTHI 418 TUNMUYHbIX 3HAYE€HUI 3€HUTHOTO yrna (. Takxke NPUBOANTCSA COOTBETCTBY IOLLUI
reoueHTPUYeCcKmin yron é.

MoteHumnanbHoe FOV cnyTHMKaA MOXET He MONHOCTbIO NOKPbIBATLCA OAHUM U3MepPUTE/bHbIM
npu6opoM. Kak NpMHLMM 30HAMPOBaHUS, Tak M TEXHUYECKNE XapaKTePUCTUKN npubopa MoryT
3apaBaTb BepxHuUii npeaen ana FOV npnbopa. Hanpumep, paanonokauMOHHbIe anbTUMeTpPbI
MOryT (DyHKLMOHMPOBaTb TONbKO B HaAMPHOW reoMeTpun (B HanpasaeHUM, yKa3blBatloLLEeM
HenocpeAcTBEHHO BHU3). OHM NO3TOMY He MMetoT B CO6CTBEHHOM cMbicae FOV, 3a ncknoveHnem
paclwmnpeHunsa ny4va Bcneacteue audpakumn. Popmmposartenm n3obpaxkeHns o4eHb BbICOKOTO
pa3pelueHnsa o6bi4HO nMetoT FOV B Anana3oHe HECKONbKMX AeCATKOB KMIOMETPOB, Kak
Hanpumep B HEKOTOPBIX Pexnmax ayda pagmonokatopa c CMHTe3npoBaHHoW aneptypoit (PCA).

[BuxxeHne cnyTHMKa NO3BOJISET M3MEPUTENbHOM annapaType obecne4vnsaTb nocaef0BaTebHOe
nokpbiTve FOV Baonb opbutsl. [pun ckaHpoBaHum NpM6OPOM TPAEKTOPUM ABUXKEHUS
CNyTHMKa OHW NPeACTaBAAOT cO60M NOI0CY MOBEPXHOCTMN 3eMJIN, KOTOPYIO Ha3blBaKOT
nosiocoi 3axsata. [lonoca 3axsata MoxeT GbITb LLeHTPUpPOBaHa BA0/b NOACNYTHUKOBOM Tpaccl
nAn MoxeT 6bITb MapasnenbHa el B npubopax 6okosoro o63opa (Hanpumep, PCA). Ana
HeKOoTOpbIX 3a4a4 (ynpaB/ieHne OpueHTaLnel Npu Ype3sblHaHblX CUTYaLUAX, CTEPEOCKONNs

B CBSI3M C NOC/iej0BaTe/IbHbIMM OPOUTaMK U T. N.) onpeaenéHHble MPU60opPbI C OrpaHN4eHHON
MoOJIOCOM 3axBaTa MOTyT MEHATb HaK/IOH Taknm 06pa3oMm, 4TO noJsioca 3axsata 6yAeT B CTOPOHe
OT TPacchl, BHYTPW Tak Ha3biBaeMoro 3 dekTnBHOro nons speHus. LnpuHa nonocel 3axeata
ABNSETCA MonepeyHon cocTaBastolen aktuyeckoro FOV npnbopa. MoHATME Nnonockl 3axBaTa
He NPUMeHseTCa B OTHOLLEHUM NPUBOPOB Ha reocTaLnoHapHo opbuTe.

2.1.2 OpOuTanbHbIA NEpuof, reocTaMoHapHas op6uTta, UMK HaGnwaeHUA
U NEPUOANYHOCTb NOBTOPEHUSA OPOUTDLI

BbicoTa opbuTtel H onpeaenset opbutanbHblin nepuos 1. 3To OTHOLUEHME 3annCbiBaeTCs Kak:

3
_ H
T=a(+ ) (2.2)

roe a = 84,47 mun (T BbipaxaeTcs B MUHYTaXx).

BbicoTa, kKOTOpas COOTBETCTBYeT OAHUM 3Be34HbIM cyTkam (23 4 56 muH 04 c), cocTaBnser
35786 kM. CnyTHUK C Op6OUTONM Ha 3TOM BbICOTE HAa3blBAETCS FrEOCUHXPOHHBLIM. OpbuTta
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Ha3blBaeTCA FeOCTaLI,VIOHapHOVI, ec/in op6|/|Ta NEXUT B 3KBaT0pVIaJ'IbHOVI NAOCKOCTHU
M HanpaB/leHa Ha BOCTOK: CMYTHUK Ka>XeTCA HENOABU>XXHbLIM MO OTHOLUEHUIO K NOBEPXHOCTU
3emnm B Haaunpe 3KBaTOpVIa}'IbHOI7I HO,D,CHYTHMKOBOVI TO4YKW.

[ns opbuTbl, HAKTOHEHHOWN MO OTHOLIEHUIO K 3KBAaTOPMasIbHOM NIOCKOCTH, CMYTHUK NepecekaeT
KBaTOp Ha onpeaeneHHol gonrote. Cnycta T MUHYT NPOM3ONAET eLle O4HO IKBaTOpuabHOe
nepeceyeHne Ha JOTOTE CO CMELLLEHMEM Ha 3anaj Ha BEIMYMHY B rpafycax, COOTBETCTBYIOLLYO
BpaLLeHuto 3emMn B TeyeHre opbutanbHoro nepuoga. Pasuunua no gonrote (MnmM KOCMUYyeckoe
paccTosiHMe) Mexay ABYMS NOoC/ief0BaTeIbHbIMU NepeceyeHnsaMn 3KkBaTopa B OAHY U Ty Xe
a3y (cnycka unv nogbema) HasblBaeTcs cMellleHneM. BmecTe c nonocoi 3axsata npubopa
CcMelleHne onpegensaeTt BpeMs Heob6xoA4MMoe A8 NO/THOW CbeMKM NOBEPXHOCTU 3eMun
(nokpbiTne HabntoaeHMAMN) (PUCYHOK 2.2).

Ecnu nonoca 3axsata npubopa uMeeT pa3Mmep, No KpanHel Mepe, He MeHbLLE CMELLLEHUS,
nokpbiTMe, o6ecneynBaeMoe AByMs CONpPUKacaoLLMMNCS OpOUTaMn, SBNSETCA HEMPEPLIBHbIM.
MosTomy Bpems, Heob6xoaMMoe AN FNMo6anbHOro NOKPbLITUSA (LUKA HabNloAeHUS), 3aBUCUT

OT OTHOLLEHWS MeXAY NOJIOCOoM 3axBaTa MpuUbopa N CMeLLLEeHMEM.

B Tabnnue 2.2 ykasbiBaoTCA NePUOA 1 COOTBETCTBYIOLLLEE CMELLLEHNE A5 BbICOT opbuT,
npuBefeHHbIX B kKa4ecTse Npumepos B Tabauue 2.1. [loMMMO 3TOro, yKasbiBatoTCA LUKIb
HabntoAeHNs, COOTBETCTBYIOLLME HECKO/IbKMM MOJI0CaM 3axBaTta Npnbopos. DTN NONOCH 3axBaTta
CBA3aHbl C KOJINYECTBEHHbIM U Ka4€CTBEHHbIM MCMONb30BaHMEM, @ UMEHHO A1 3€HUTHbIX

yrnos 70° n 60° cootseTcTBeHHO. Korga npnbopbl MOryT UCMOAb30BaTbCA AN HabnoAeHN

B IHEBHOE 1 HOYHOE BpeMs, BpeMs HabntogeHus cnegyet AennTtb Ha ABa. CMeLleHne n LnKn
HabnoaeHns He npueoaAatcs ans H =35 786 km (reoctauMoHapHas BbicoTa).

[na reoctaumoHapHOro CnyTHMKa, KOTOPbI HENPEPBIBHO BUANT OA4HY U Ty e 061acTb
NOBEPXHOCTU 3eMN, LUK HabNI0AeHMA ONpeaenaeTcs TO/bKO XxapakTepmucTnkamm npnbéopa
W ero 3aBepLUeHME MOXET 3aHATb HECKO/IbKO MUHYT UM JaXke MEHbLLE, B 3aBUCMMOCTU

oT 06/1acTn ckaHnpoBaHuA. B npegenax 30Hbl NOKPbLITUA CNYTHMKA HabAAeHWE
CcreocTtauMoHapHOM Op6UTbl NPeKPacHO MOAXOANT A8 HENPEPbIBHOIO MOHUTOPUHra.
Hanpvmep, Takon MOHUTOPUHT HEO6XOAMM A1 O6HAPY>KEHNS MTHOBEHHbIX COOBITUN,
TakuMx Kak yaapbl MOJTHAN NN AN5 BbICOKOYAaCTOTHOM BPeMEeHHOM BbIGOPKM Npu BbICTPO
pa3BMBaOLLMXCA CUTyaLUnsax, Takux Kak akTMBHas KoHBekuma. [Npn 3ToM, ogHaKo, U3 oxsaTta
WNCK/II0HaOTCS OY€Hb BbICOKME LUMPOThI UM to6ble TOYKKN, HaXOAALWMECS CNLLKOM Aaneko
OT NOACMYTHUKOBOW TOYKU. VI3 Tabnunubl 2.1 BUAHO, 4T0 6 = 81,31° aBNSE€TCA MakCUMaibHbIM
reoLeHTPUYECKNM YTIOM.

ﬂ,)’lﬂ HEreoCtauMoHapHOro CnyTHMKa CHUTaeTCA, 4HTo Op6VITa XapakTepusyertca nepnoanvHoCTbio
NOBTOPE€HUA, €C/IN OH MPOXOAUT TOYHO Haj TOW e Tpacc017| nocne onpep,enéHHoro Yyncna
BUTKOB. B TeueHune nepunona noBTOpPeEHUA Op6I/ITbI TpaccCa CnyTHUKa A€Hb OTO AHA MOXET

Monoca 3axBaTa

\_.

CmelleHne

PucyHok 2.2. CMmeLLLeHUe Mex Ay ABYMS nocieaoBaTe/lbHbIMU OpOUTaMU U NON0OCOM
3axBaTa npubopa
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Tabnuua 2.2. NMepuoga, cMeweHune (CABUT) U LUKA HabnoaeHUA AN opOUT, NpeacTaB/I€HHbIX
B Tabnuue 2.1

Op6umaneHeili napamemp H=400«m H=600km H =800 «km H=35786 km
MNepuoa T 92,6 MnH 96,7 MUH 100,9 MuH 23456 MnH4c
CwMmeuteHue (caBur) 2570 km 2 690 km 2800 km 0 kM
LLmkn HabnoaeHuns ana £ =70 354 274 234 ¢ npu6opa
(Tonbko gHeM)

Llnkn HabnogeHus ana ¢ = 60 514 384 314 ¢ npu6opa
(Tonbko gHeM)

LLmkn HabnogeHunsa ana £ =70 18 4 13y My ¢ npu6opa
(aHeMm 1 HoYblO)

Llmkn HabnogeHuns ana ¢ = 60 26 4 194 16 4 ¢ npu6opa

(AHeM 1 HoublO)

CcMelaTbCsd no 3a,£|,aHHOI7I CXeMe, KOTopasa MOXET UMETb onpeae/ieHHYO NOBTOPAEMOCTb, U 3TO
Ha3blBa€TCA NoALUUKTIaMWU. HeKOTOpre noAgunKabl MOTYT NMPeACTaB/IATb UHTEPEC NOTOMY, 4TO
CMYTHUK 3aXO4UT B pa3Hbl€, HO 4OCTAaTO4YHO 61n3Kkne OpYyr K Apyry ob6nacTn B Te4eHune KOPOTKUX
NPOMEXYTKOB BpEMEHUN, APYTNe XKe NOALMKIIbI MOTYT NPEACTAaBNATb UHTEPEC, MOCKOJ/IbKY
NOKpbIBa€Mbl€ 061acTn ABNAOTCA CMEXHBIMU MO NPOCTPaHCTBY.

Ecnun opbuta aBNseTCA CONHEYHO-CUHXPOHHOM (CM. pa3aen 2.1.3), To HaAn4mne Nnepuoan4HOCTU
NOBTOPEHMNS 03HA4aeT, YTO LLe/10e YNC10 BUTKOB MOXeT 6blTb COBEPLLEHO 3a LLe/10€e YNC/10 JHEN.
Op6uTtanbHblii nepuog onpegenset N — KOAMYeCTBO OpOUT, KOTOPblE CNYTHUK NPOXOANT

3a 24 4. OHO O6bIYHO He ABAAETCA LenbiM YNCAOM. [115 TOro 4To6bl NOy4YNTb NEPUOAUYHOCTD
noBTOpPeHns opbuThl 3a 1M AHel, opbuTanbHbIN Nnepuog nogbupaeTtca Takum o6pasom, 4Tobbl N,
YMHOXeHHOe Ha 171, 6b1/10 LefibiM YncnoM. Toraa N MOXHO 3anncatb B TakOM BU/E, NPY KOTOPOM
11N ¢, COOTBETCTBEHHO, €CTb YaCTHOE 1 OCTaTOK AenieHuns «N - m» Ha 11:

N=n+/{/m 2.3)

rae n, £ v m sBNAOTCS LEAbIMU Ynucnamm (¢ < m).

YpaBHeHue 2.3 Takxe NPUMEHMMO K OpOUTaM, He ABAAIOLLUMCA COTHEYHO-CUHXPOHHBIMU.
OpHako, B Taknx Cny4asx Nepuoan4HOCTb NOBTOPEHMS 111 y>Ke He MOXET ObiTb BblpaxeHa

B aCTPOHOMMYECKMX CYyTKax, PpaBHbIX 24 4, 1 0KHa 6bITb HEMHOIO CKOPPEKTMPOBaHa B CBA3MN
c apendom opbutel. Tabnunua 2.3 coaep>KmMT NPUMepPbl NEPUOANYHOCTN NOBTOPEHUSA OPOUTHI
N OCHOBHbIX NOALMKIIOB 4719 psaja opouT.

Op6buTa C NeprMoaMYHOCTbIO MOBTOPEHNSA ABASAETCS HEOOXOAMMbIM 3/IEMEHTOM, €C/IN
HabnoAeHne onpeaeneHHON TeppuTopum TpedyeTcs MPOBOANTL C (PUKCUPOBAHHBIMU
WHTepBalaMy NPU COBEPLUEHHO OANHAKOBBIX YCOBUAX. DTO OTHOCUTCS K aNbTUMETPUYECKUM
N3MepeHMAM NS reoAe3nyecknx NpuMeHeHui, 1n6o k opmmpoBaTensam n3obpaxeHnin
BbICOKOrO pa3peLleHns, KOTopble MCMOb3yoTCA B HabNOAEHMAX 3a CyLuel AN 06Hapy>KeHUs
NoKasbHbIX U3MEHEHUIA.

nepI/IOﬂ,I/I‘-IHOCTb NOBTOpPEHUA Op6VIT MOXET ObITb I'IOJ'IGBHOVI, KOorga rnoJjioca 3axBsata npw6opa
CyLLeCTBEHHO YXe, 4eM CaBUTr (cmeu.l,eHme) MexXAay AByMA nocnenoBate/ibHbIMU Op6VITaMVI,

M rnobanbHOro oxBata HEBO3MOXHO [OCTNYb 3a OAMH AeHb. B Takom C/y4ae cornacHo
onpep,eneHHoi/’l Norvke MoxeT 6bITb BbICTPO€Ha NocC/1e40BaTe/IbHOCTb, O6eCI'Ie‘-IVIBa|OLLI,aF| oxBart
A€Hb 3a AHEM, €CJZI1 B 3TOM €CTb HeO6XO,EI,I/IMOCTb. |_|0,D,O6Haﬂ NOornka Moxet I'IOTpe6OBaTbCﬂ

ansa obecneyeHus perynﬂpHon nporpeccmmn nam Bo n3bexxaHne cuctemaTU4eCcKkmx cmeu.l,eva

B pe3y/ibTaTte HeHa,u,ne>Kau.|,e|7| BbI60pKVI.

Ha pucyHke 2.3 rpacdryeckun npeactaBieHa 3BOOLNSA OpOUTasIbHbIX TPAEKTOPUI A1 OpOUThI
C OJHOZHEBHbIM NoALMKNOM (TakoW Kak paHHAs Bepcus Landsat). Kak nokasbiBaeT pucyHok 2.3,
npv OA4HOAHEBHOM MOALMKJIIE KaX /bl IeHb N0JIoca NOKPbITUS NPUMbIKAET K N010Ce, KOTOPYIO
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Ta6nuua 2.3. MNepnoaN4YHOCTL NOBTOPEHUS Y OCHOBHbIE NOALMKIIbI 415 psAfa opout

HeconHe4yHo-
ConHe4HO-CUHXPOHHbIE OpBUMbI CUHXPOHHbIE
opbumeol
909 km 705 km 832 km 791 km 820 km 1336 km
Boicoma op6umer  (Hanpumep, (Hanpumep,  (Hanpumep, (Hanpumep, (Hanpumep,  (Hanpumep,
Landsat 1—3)  Landsat 4—8) SPOT) Envisat) Metop) Jason)®
Mepnoga 103,2 MuH 98,9 MuH 101,5mMmn 100,6 MuH  101,3MuH  112,4 MuH
KonunyectBo 13+17/18 14+9/16 14 +5/26 14+11/35 14+6/29 12+ 7/10°
opbuT/aeHb
Mepuoaunynocts 18 gHen 16 aHen 26 nHen 35 gHen 29 nHen 10 pHen?
Butku/umkn 251 233 369 501 413 127
OcHoBHoM(ble) 1 neHb 7 OHen, 2 aHa 5 gHen 16 gHen, 5 pHen 3 aHs?
noaumnkn(bl) 3 aHAa
Mpumevanne:

®  Yro kacaetca COBMeCTHOM CeTU CNYTHUKOB A8 anbTUMEeTPuUn B HTepecax okeaHorpacpun (JASON), cnyTHmkn
KOTOPOW He ABNAIOTCA CONMHEYHO-CUHXPOHHbBIMU, 3Ha4YEHUA NPUBOAATCA AN NPOAOIXKUTENLHOCTU [JHA, PaBHOW
23448 MuH, T. €. 0,99156 OT NPOAONKNTENBHOCTN ACTPOHOMUYECKUX CYTOK.

«—

CwmeLleHune

—

Monoca
19

Monoca
18

Monocal
17

Monoca
16

Monoca
15

Monoca
14

Monoca
13

Monoca
12

Monoca
1

Monoca
10

Monoca
09

Monoca
08

Monoca
07

Monoca
06

Monoca
05

Monoca
04

Monoca
03

Monoca
02

Monoca
01

Linkn
02

Linkn
01

[eHb
01

Z

|
e

HO/ZIHEBHbIN

noauunKn |

Livukn
15

[eHb
02

K

Livkn
29

[eHb
03

Linkn
43

[eHb
04

Linkn
57

[eHb
05

Lvkn
71

[eHb
06

Linkn
85

[eHb
07

Lukn
99

[JeHb
08

Linkn
113

[JeHb
09

Lnkn
127

[eHb
10

Linkn
141

[eHb
1

Livkn
155

[JeHb
12

Uukn
169

[eHb
13

Linkn
183

[eHb
14

Livkn
197

[eHb
15

Uukn
21

[eHb
16

Uunkn
225

[eHb
17

Lvkn
239

OeHb
18

Uukn
253

Livkn
252

[JeHb
19

PucyHok 2.3. CxemaTuyeckoe npeacraBjieHne 380/10LUN OpOUTaAIbHOM TPacChbl CMyTHUKA

Landsat Ha npoTs>keHMN Nnepuoaa NOBTOPEeHUS OPOUTDI
(N =13 +17/18, nepuoanyHocTtb noBtopeHus: 18 gHeM, 251 BUTKOB/LUKN)
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HabntoaatoT B NpeablayLwmii aeHb. LLInprHa nonockl NOKpbITUA MOXET ObITb NOA06PaHa

Takum o6pa3oM, 4ToObl COOTBETCTBOBATL MOJI0CE 3axBaTa Npubopa 415 Toro, 4To6bl 3bexaTb
Kaknx-nmbo nponyckos. HegocTaTkOM SIBNSETCSA TO, YTO NOC/1€ NEPBbIX HECKObKUX €XeJHEBHbIX
3ax0[10B B 06/1aCTb Haj LLeN1eBO TeppuUTOpUrEl nnn 6113K0 K Hel, ciefytolLas cepus 3axoa0B
COCTOUTCS TO/IbKO MOC/Ie 3aBePLUEHUS Nepnoaa NoOBTOPEHUS OPOUTHI.

B Tekywielt Moandurkaumnm cnytHuka Landsat BpemeHHas aBontoumns opbutanbHbIx
Tpacc B Te4eHue nepuoaa nostopeHns opbutsl (16 AHel) NPUBOAUT K ABYM OCHOBHbIM
noaumkaam, NokasaHHbIM Ha pucyHke 2.4. [IByxaHeBHbIV noaLmka obecneynsaet 6onee
KOPOTKUI BPEMEHHO pa3pblB, a CEMUAHEBHbIN LMK obecneynsaeT 6onee 61n3Koe
reorpacguyeckoe cosnageHue.

HecmoTps Ha TO, 4TO KOHLENUUA NEPUOANYHOCTN MOBTOPEHUA OPOUT U MOALMKIOB BbiTeKaeT
13 TpeboBaHNin, NpeabABASEMbIX K UCMONb30BaHMIO NPMOOPOB C Y3KOM NOJIOCOM 3axBaTa,
BKJIOYas Te, KOTOPble BeAyT HabnoAeHns TONbKO B HaaMpe, opbuTsl C NOALMKIAMU MOTYT
6bITb Tak>ke NnoJsie3Hbl 419 NPU6O0POB C OTHOCMTENBLHO LMPOKOW NO0COoN 3axBata. Hanpumep,
nprbopbl 30HANPOBAHMA MOTYT UMETb MONOCY 3aXBaTa LUMPUHOM A0 HECKOIbKUX ThiCSAY
knnomMeTpos. (K npumepy, ycoBepLueHCTBOBaHHbI MUKPOBOJIHOBLIV NPMG0P 30HAMPOBAHUS
(AMSU) nnn nntepgepomeTp 30HANPOBaHNA aTMOCdepbl B MHpakpacHoM AnanasoHe (IASI)
MMetoT Nosiockl 3axeaTa 6osee 2 200 km). OgHaKO Ka4yeCTBO NOAyYaeMon NPoAyKLNK BbiLle,
korga npubop 6amxe kK HaagupHoi noaTpacce. No3ToMy CyLlecTByeT MHTepec k obecneyeHunio

— CmeuleHune _—

Monoca | Monoca | Monoca | Monoca | Monoca | Monoca |Monoca | Monoca | Monoca |Monoca |Monoca | Monoca| Monoca | Monoca | Monoca | Monoca | Monoca
17 16 15 14 13 12 1 10 09 08 07 06 05 04 03 02 01

Lnkn N Uwukn | OeHb
02 N\ 01 01

IZ-p.HeBHbIﬁ nop,u,MKnl . ag;b

Lunkn \ [JeHb
31 03

JeHb
04

Livkn [eHb
| 60 05
[eHb
06
L Lnkn [leHb
7-OHEBHbIN NOALMKA | 89 o7
| |

\
[eHb
08
Lnkn [Nexb
118 09

[eHb

Unkn
133 10

Lnkn [eHb
147 1

~—

Llvkn I 9-AHEBHbIN NOALNKA I Llewb
162 A Al 12

Lukn JeHb
176 13

Lnkn [eHb
191 14

Linkn JeHb
205 15

Lnkn JeHb
220 16

Lnkn Uwukn | OdeHb
235 234 17

PucyHok 2.4. CxemaTuyeckoe npeacraBjieHue 3BOJIIOLUN Op6UTaIbHOM TPaccChbl
Haxoaslerocs B nonete cnyTHUKa Landsat Ha npoTsxxeHUn neproga NOBTOpPeHUst Op6UTbI
(N =14 +9/16, nepuoan4HocTb noBTopeHus: 16 gHen, 233 BuTkoB/uuKN). NokasaHbl TpU
nopuukna: 7 aHen (Ha 3anap) — r/1aBHbIA NOALMUKI, oO6ecneymBaloLLUii caMmble 61M3Kne
Hab6/1loa4eHUs No NpocTpaHCTBY; 2 AHSA (Ha BOCTOK), o6ecneuynBaloLuii camble 61U3kne
Ha6ntoaeHus no BpeMeHu; 9 aHel (Ha BOCTOK), NpeACTaBASIOLLUIA OFPaHUY€EHHbIN UHTEpeC,
noJiy4yaeMbiii CJIO)KEHUEM NEPBbIX ABYX.
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TOro, 4T06bl NOKPLITUE MNO3BOJIANO MOYyHaTb JOCTATOYHO XOpoLUlee coveTaHne AaHHblx 6onee
BbICOKOrO 1 60/1€ee HM3Koro kadecTsa. Opoutbl cnyTHMKOB HYOA 1 MeTeoponornieckmx
onepaTMBHbIX CMyTHNKOB (Metop) nMetoT NATUAHEBHbIM NOALMKI, Kak NOKa3aHO Ha PUCYHKe 2.5
Ha npumepe Metop.

nepI/IO,EI,I/ILIHOCTb NOBTOPEHUA Op6VIT M noaunKbl yp,O6HbI no paay npuninH, oaHako
HEO6XO,CI,VIMO TakK>Xe OTMETUTb N HECKOJIbKO CBA3aHHbIX C HUMUN HEAOCTAaTKOB!

a) ec/v nosioca 3axsaTa NpuGopa CANLLKOM y3Kas MO OTHOLLEHMIO K CMeLLeHWNto (CABUTY)
N KOJIN4eCTBY BUTKOB N0 0pbuTe B TeYeHne nepnoa noBToOPeHna LMKIa, HEKOTopble
o6nacTv HuKoraa He 6yayT BUAHbI. KpailHUM npuMepom asnsetca npnuéop, NpoBoasLLUiA
Hab6104eHNA TONIbKO B HaAMpPe, HanpuMep anbTUMETP;

b) kaxaoaHeBHas nocnefoBaTe/IbHOCTb HAabMOAEHWA C OPOUTLI C NEPUOANYHOCTbIO
NMOBTOPEHUS MOXET BHOCUTb CUCTEMATMYeCKMe OLLIMOKN B BbIGOPKY BO BpeMs HabntoaeHui
(NoXHasa ANnHa BOJIHbI, COOTBETCTBYIOLLLASA MEPUOANYHOCTU MOBTOPEHMA LMKNa
WIn nogunknam);

C) obecneyeHue nepnoan4HoOCT NOBTOPEHUA LI,I/IK)'Ia/I'IO,EI,LI,VIKJ'IOB Tpe6yeT 3aTpaTHbIX CNCTEM
KOHTPOJ1Aa CMYTHUKOBbIX Op6VIT.

MosToMmy, eciv Bcst GopToBas annapaTtypa UMeeT JOCTaTOYHO LUMPOKYIO NOJI0CY 3axBaTa,
K NepuoANYHOCTM NMOBTOPEHUS/NOALMKAY OBbIYHO He NpuberatoT.

< CMmelleHune e
30(29|28|27|26|25|24|23{22|21|20|19|18|17|16|15|14|13|12|11|10|09|08|07|06|05|04|03|02|01
02 01
02 16 02
03 30 03

04 04
05 4] 58] 05

06|73 06
07 87 07
08 101 08

09 09
10 . . 10

11| |14 11
12 - 12
E-lS-.CI,HeBHb|17| I'IO.CI,LWIKI'II 2 4 &
14 - ] pd [186 14
15 4-nHEBHbIN MOALNK . 15
16 215 Vv 16
17 r; 17
18 243 18

19 19
20 . . 20

21 286 21
22 30 22
23 314 23

24 24
2 A 2 25

26 357 26
27 31 27
28 385 28

29 H 29
4] 13

PucyHok 2.5. CxemaTuyeckoe npepactaBjeHne 3B0IOLUN OpOUTaNbHOM Tpacchl CNyTHUKa
Metop (N = 14 + 9/16, nepyuopn4HOCTbL NOBTOpPeHUA: 29 aHell, 412 BUTKOB/LMKI). Moka3aHbl
ABa noguukna: S aHen (Ha BOCTOK) — IJ1aBHbIA NOALUKI, o6ecneymBaloLwmini camble 61u3kue
HabnloaeHNs No NpocTpaHCTBY; 4 AHA (Ha 3anaj) A5 Heckosibko 6onee 6/1IM3KUX
Ha6/1I04eHUI NO BpEMEHMU.
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213 OpO6uTtanbHas npeueccusi, COJIHe4YHO-CUHXPOHHbIE OPOUTDLI
u apelidyoume opomThI

Op6uTanbHas NI0CKOCTb MOXET N1eXaTb B 3KBATOPMaNbHOM NIOCKOCTU 3eMan 1an 6biTb
HakJ/IOHEeHa Ha & rpaaycoB (CM. pUCyHOK 2.6).

Mpwn e =90° cnyTHUK C/iefyeT MO MEPUAMAHHON IMHUKN, 1 OpOUTa SABASETCA NONSAPHON. ITO
yao6Ho Ansa HabntoAeHNs 3a NOBEPXHOCTbIO 3eM/IM OT NOJIIOCA K NOIOCY.

lpaBuTauMoHHOE None, AeNCTBYOLLEE Ha CNYTHUK, NePNeHANKYIAPHO reonoTeHLUnanbHom
NMOBEPXHOCTMN Ha BbICOTE CNYTHMKA, KOTOPas ABMAETCSA HECKObKO 3//IMNCONAHOM aHaOrMYHO
reonpy. MNpu e #90°, nencTeme 3TUX CUN ABASETCA NpeLeccrert opbuUTasbHON NN1OCKOCTUN BOKPYT
nonapHon ocn. CKOpPOCTb NpeLLeccumn a paccHmMTbiBAETCA Kak:

7
o =-10,02 cos ¢ (1+%) 2 (rpapyc/neHb) (2.4)

[nsa yncto nonspHon opbutsl (¢ =90°) ckopocTb NpeLeccumn pasHa Hynto. OpbuTtanbHas
NJI0CKOCTb MMeEeT HEM3MEHHYIO OPUEHTALNIO MO OTHOLLEHUNIO K HEMOABMUXHbIM 3Be3aaM. OaHako,
NOCKO/bKY 3eM/ia coBepluaeT BpalleHme sokpyr ConHua 3a OAMH roj, yC10BUS OCBELLEHUS
NMOBEPXHOCTU, KOTOPYIO BUAUT CNYTHUK, MEHAIOTCA KaxAbllh AeHb Ha 360/365 rpaaycos, To

ecTb 59 MuH. O6n1acTb, Habnoaaemas B AHeBHOe BpeMs B 12:00, B aeHb £, GyaeT HabntoaaTbCs
Ha paccBeTe B AeHb =t + 3 Mmecaua (pucyHok 2.7, cnesa). [lns usmepeHuii B AHEBHOE BPeEMs 3TO
6yaeT o3Ha4aTb passinyHble yC10BUA HabNIOAEHNS AeHb 3a IHEM, NPUYEM YC/10BUSA HabntoAeHN

CeBepH b1 NOMtOC

/

3KBaTopV|an bHas
M10CKOCTb

Op6utanbHas

N10CKOCTb
BbicoTa

PucyHok 2.6. OnpeaeneHne Hak/J1IOHHOM Op6GUTHI

~(=78/06 MCB < )=18/06 MCB

MNonsipHas opbuta ConHeYHo-CUHXPOHHas opbuTta

PucyHok 2.7. CneBa: YNCTO NoJisipHas opbuTa C U3MEHSAIOLLLUMCSA MECTHbIM CO/THEYHBIM
BpemeHeM (MCB) B TedyeHue roga; cnpasa: CO/IHEYHO-CUHXPOHHasA opbuTa C HEU3SMEHHbIM
MCB B TeuyeHue roga
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3aBUCAT OT BpEMEHU roaa. B 4aCTHOCTHU, KOr4a Hanpas/eHne 3eM}'Iﬂ-CO}'IHLI,e CTaHOBUTCA
nepneHanKynapHbiM Op6l/ITa}'IbHOVI NJI0CKOCTU, OCBELLLEHHOCTb Ha paCCBETE N B CyMEpPKKN Aenaet
HEBO3MOXHbIMN MHOTME N3MEPEHUA.

HaknoHeHne op6UTbl € MOXET 6bITb 3alaHO TakKMM 06pa3oMm, YTOObl CKOPOCTb NpeLeccun
TOYHO COOTBETCTBOBAsIa NOJHOMY 060poTy 3emnn Bokpyr ConHua 3a roa. Beoas Bennymny

=360/365 (rpasycos/aeHb) B ypaBHeHUe 2.4, NO/ly4aeM, 4TO HAKOHEHUE &, O/IKHO
YOBNETBOPATb YC/IOBUIO:

7
cosg =—0,0988 (1+%)2 (2.5)

Op6uTa, KOTOpas yaoBAeTBOPAET 3TOMY YC/I0BUIO, Ha3blBA€TCA CO/THEYHO-CUHXPOHHON.
OTpuuaTenbHbIi 3HaK €, yKa3blBaeT Ha TO, YTO OpOMTa ABUXKETCS B HaNpaBaeHuu,
obpaTHOM BpaleHunto 3eMin. MecTHoe CoNIHeYHOe BpeMs A8 TEPPUTOPUI, Haz
KOTOPbIMM NpoOJieTaeT CNYTHMK Ha JaHHON LUMPOTE, ABASETCSA MOCTOSHHBIM Ha NPOTSXEHNN
BCero roaa (CM. pucyHok 2.7, cnpasa). B tabnuue 2.4 nepedncineHsl 3Ha4eHns e, paaa
CO/THEYHO-CUHXPOHHbIX OPOUT B 3aBUCMMOCTU OT BbICOTbI OPOUTHI.

Ta6nv|u,a 2.4. HaknoHeHune COJ/IHEYHHO-CUHXPOHHbIX Op6I/IT B 3aBUCUMOCTMU OT BblICOTbI Op6VITbI

400 km 600 km 800 km 1000 km 1200 km 1400 km
97,02° 97,78° 98,60° 99,47° 100,41° 101,42°

Heo6xoANMMO OTMETUTb, 4TO OTK/IOHEHME OT NONAPHON OCK YBE/TINHMBAETCS C BbICOTON OPOUTHI.
37O ABNAETCA NPUYMHON CYLLLECTBYIOLLLErO He0CTaTKa BblICOKUX COTHEYHO-CUHXPOHHbIX OPOUT:
noJitoca MoryT 6blTb He BUAHbI, €Cn y npnbopa HeA0CTaTOYHO LLMPOKas Noaoca 3axearta.
BmecTe c Tem, Npn OTHOCUTE/IbHO Maslbix BbICOTax opbuT opbuTanbHas NJ10CKOCTb ABASETCA
OKOI0NONSAPHON.

BaxHeliwwas 0co6eHHOCTb CO)'IHe‘-IHO-CVIHXpOHHOVI Op6VITbI — 2TO HEU3MEHHOE MECTHOE
COJIHEYHOE BpEMA, HTO BO3MOXXHO ABNAETCA He6ﬂaFOI'IpVI$|THbIM q)aKTOpOM O npoBegeHus
HEKOTOPbIX BUOOB I/I3MepeHI/IVI. ﬂB)’IeHVIFI, M3MEHAKLWNECA B TEHEHNE CYTOK (HaanMep,
KOHBEKTUBHbIE o6na|<a, ocagkwm, pa,Cl,VIaLl,VIOHHbIVI 6anch, YpPOB€Hb MOpPA NOA BINAHUNEM
aCTPOHOMUYECKUX I'IpI/IJ'II/IBOB) MMET CMELLEHHYIO BbI60pKy npu Ha6ﬂi0,£l,eHI/I$|X

C CO/THEYHO-CMHXPOHHOTIO CnyTHWKa, T. €. Npn NOCTOAHHOM MECTHOM CO/IHEHYHOM BPEMEHMN.

B Lleslom cnyTHMKKM ANs onepaTMBHON MeTEOpPOosiIornmn, HabaAeHU 3a MOBEPXHOCTLIO
CyLun 1 okeaHorpadmm, 3a UCKIOHEHNEM a/IbTUMETPUN reole3U4eCKOro HasHayeHus,
NCNOJb3YIOT COTHEYHO-CUHXPOHHY0 Op6UTY. 115 Hay4HbIX Lienein, npeaycMaTpmuBaroLLmnX
n3y4eHune NpoLLeccoB, 3aBMUCALLNX OT CyTOYHbIX KONebaHni n TpebyoLLMX HECMELLLEHHON
BbI6OPKU, HE CONTHEYHO-CMHXPOHHbIe (ApelidytoLne) opbUTbl, BO3MOXHO, ABNAIOTCA 6onee
npeanoYTUTENbHbIMU.

214 AnaunTuyeckne opoUTHI

Mpeabiayuime pasaenbl OTHOCATCS K KPYroBbiIM opbuTaM, KOTopble ropas3zo 4alle UCMOoJib3yoTcs
Ans HabnoaeHni 3a 3emnen, 0CO6€HHO COJTHEYHO-CMHXPOHHbIE U reocTaunmoHapHble. OaHako,
KakK OKO/10NonspHble HU3KkMe okono3deMHble opbutel (HOO), Tak M reocTauMoHapHble OpOUTHI
(F'CO) nmetoT pag orpaHNYeHN.

OkonononsapHbin HM3koopbuTanbHbii (HOO) cnyTHMK o6ecneymnBaeT robasibHbI 0XBaT, HO
AenaeT 3To HevacTo. [Jaxe ecnum nonoca 3axsata nprubopa He MeHbLUEe CMELLLEHNS, YTO NO3BOSET
MMeTb NepekpbliBatoLLeecs NOKpbITUE opbuTamMu, CneayoLmMMn O4Ha 3a APYroi, OA4MH CNYTHUK
MOXeT o6ecnevynTb NOJIHOE NOKPbITUE MOBEPXHOCTN 3eMM B yyLUeM C/lyvae [Ba pa3a B AeHb
(wnwn paxce ogMH pas3 B AeHb, €C/IN 30HANPOBAaHWE BO3MOXHO NPOBOANTb TO/IbKO B YC/IOBUSAX
[HEBHOrO OCBELLLEHNS UK B HOYHOE Bpems). Ecim Heobxoanm 6onee vacToli robanbHbIN
0xBarT, TO TpebyloTCa AOMNOJIHUTE IbHbIE CMYTHUKWN B KOMMN/JIEMEHTaPHbIX OPOUTaNbHbIX
nnockoctax (cm. Tabnuuy 2.5).
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Ta6nuua 2.5. Konnvectso cnytHukos Ha HOO, Heo6xoaumoe Ans AOCTUXKeHUs Tpebyemoro
uukna HabnoaeHun (npegnonaraemas sbicota: H = 800 km)

Monoca BosmoxHocmeb Tpebyemubili yukn HabmoOeHull
3axeama nposedeHus
npu6opa Ha6aodenul 244 124 8y 64 3y 2y Ty
Tonbko AHEM Tcn 2cn 3cn 4cn 8cn 12cn 24 cn
2800 km
Houbto  aHem 0,5cn Tcn 1,5cn 2cn 4cn 6cn 12 cn
Tonbko gHeM 2cn 4cn 6cn 8cn 16 cn 24 cn 48 cn
1400 km
Houbtlo 1 aHeM 1cn 2cn 3cn 4cn 8cn 12 cn 24 cn

M3 tabaunubl 2.5 BUAHO, 4TO 11060 LKA HABNIOAEHMA, COCTABAAIOLWNI NPUOAN3NTENTBHO MeHee
Tpex 4YacoB, 6yaeT Ype3Bbl4aHO 3aTPyAHUTENbHBIM, MOCKO/IbKY OH MOTpebyeT rpynnnpoBKU
HOO cnyTHMKOB Ha CKOOPANHUPOBAHHbLIX OpbuTax.

OxBarT CyLLLeCTBEHHO Yay4dLUaeTcs A5 BbICOKUX LUMPOT (CM. PUCYHOK 2.2); Tak, Hanpumep,

OH B A1Ba pa3a 4alle Ha wunpote 60°, yem Ha 3kBaTope. B NonApHbIX panoHax YacToTa oxBaTta
CcTaHOBUTCA 6aun3Kol K opbutanbHomMy nepuogy T (7. e. ~100 muH) nnn 6yaeTt meHee Yaca npu
60/bLIEM KOIMYECTBE CMYTHUKOB.

bonee kopoTkoro nepnoaa HabOAEHNS MOXHO AOOUTHCA, €C/IM 0CTaBUTb 6€3 BHUMaHMA
COJTHEYHYO CUHXPOHHOCTb U NPUHATL 60/1€ee HU3KOe HaK/IOHeHWe, O4HAKO TOrAa OXBaT yXe
He 6yaeT r1o6asibHbIM. Op6UTbI C HU3KUM HaK/IOHEHMEM UCMOJb3YOTCA A1 MOHUTOPUHIa
BHYTPUTPOMMYECKNX 30H.

Op6VITa EO no3sBonset npoBOAUTb Ha6fHO,CI,eHI/IFI CO CKOPOCTbIO, KOTOpPaA orpaHn4eHa T0/1bKO
BO3MOXHOCTAMMU an6opa. OLI,HaKO I'IOTpe6yeTCFI rpynnmnpoBka I'IpVI6)'IVI3VITe)'IbHO M3 wectn
CMYTHUKOB BOKPYT 3KBaTOpPa A4 TOro, YTOObI NOKPbITb BCE€ A0J/ITOTHbIE CEKTOPA A0 WNPOTbI Kak
MUHUNMYM 550; CaMbl€ BbICOKME LLUNPOTbl OXBATUTb HE NPEACTABNAETCA BO3MOXHbIM.

HekoTopble n3 nepe4yncieHHbIX OrpaHUYeHNin MOTyT ObITb CHATbI MyTeM NPUHATUA
3NANNTUYECKOM opbuThl. MNpun 3nannTUYeckon opbuTe CKOPOCTb CNYTHUKA MEHAETCSA BAO/b
op6uTbl; OHa ABNAETCS MUHMMAabHOM B palioHe anores, 4To gaeT 60blue BpeMeHn AN
BbIMO/THEHNSA U3MEPEHUI HaJ NpoaeTaemMol TeppuTopmen. dnannTndeckme opobuTsl 06bIMHO
ONTUMU3NPYIOTCA /19 KOHKPETHbIX Liesiei, 0CO6eHHO A4 Lenell KOCMUYeCKON HayKu, Taknx Kak
c60p AaHHbIX U3MePEHWIA in situ A0 O4eHb BbICOKMX BbICOT MPU NPOXOXAEHUM Yepe3 noHoChepy
n nnasmocdepy.

Mpob6nema 3nAMNTUYECKMX OPOUT 3aK/1t04aeTCA B TOM, YTO MNOCKOJIbKY Ha apryMeHT nepures
B/INSIIOT BEKOBblE BO3MYLLEHWNS, arnorein HaX0AUTCS Ha LUMPOTe, KOTopas MEHAETCSA CO BPEMEHEM.
BekoBoe BO3MyLLLeHNE MOXET 6bITb KOMNEHCUPOBAHO, €C/IM OpOUTa/IbHOE HaKk/IOHeHNe

e=sin" (4/5)"? = 63,4°. B 3TOM C/ly4ae palioH anores, rae CNyTHUK NPOBOAUT 60/bLLYIO YacCTb
BpPEeMeHM, ABNAETCA HEM3MEHHbIM. B 3TOM nosioxeHnn namepeHuns MoryT npoBoanTbCS 6onee
4acTo B KBa3UreoCTaLMOHapPHOM pexnme.

Beicokoannunntuyeckas opbuta (B30), anamntuyeckas opbuta C BbICOKMM SKCLLEHTPUCUTETOM,
MCNosib30Banach 415 TeNeKOMMYHUKALNMOHHBIX CMYTHUKOB, U pacCMaTpUBAETCs BO3MOXHOCTb ee
NCMo/ib30BaHMA ANns HabaoaeHnn 3a 3emnen: cnyTHUKU MonHna (pucyHok 2.8), KoTopbli uMeeT
nepuog 12 4 n anorein Ha 39 800 km, 1 TyHApa, KOTOPbIN MMeeT Nepros 24 4 1 anoren Ha BbiCOTe
48 300 kM. Ha opbute cnyTHMK MoHMA 9BASETCSA MOYTU reoCTaLMOHaPHbIM B TeyeHre noytn 8 4
n3 12-4yacosoro nepuoga, a Ha opbute cnyTHUK TyHapa — 0ko10 16 4 13 24-4acosoro nepuoga.

Op6uTbl cnyTHUKOB MonHua 1 TyHapa 06Cny>KnBatoT TONbKO OAHY nonycdepy

B KBa3ureoctaunoHapHom pexume. Kpome toro, 3oHa 8-4acosoro unm 12-4acosoro
KBa3nCTaLMOHAPHOro HabnoaeHns LeHTPUPOBaHa Ha KOHKPETHOE MeCTHOE COTHEYHOE BPeMs.
Ecnun TpebyeTcsa oxBaT BCex LUMPOT Bbile 60° B TedeHne 24 4 B CyTKW, TO HEO6XOAMMO UMETb
TpY cnyTHMKa MoaHUA unun aBa cnyTHUKa TyHapa. MiHTepecHbiM BapnaHTOM Op6uThl ABAsSeTCA
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opb6uTa c Tpemsa anoresasMun n 16-4acoBbiM NepnoaoMm 1 anoreeM Ha 43 500 kM. B Tabnnue 2.6
npeAcTaB/ieHbl OCHOBHbIE XapaKTEPUCTUKN OpOUT cnyTHMKOB MonHua n TyHapa. B nonoxeHun
anoresi, KOTOpPOe NOAXOAUT A YaCTOM BbIGOPKM, BbICOTa CNyTHMKA NpeBbiaeT BbicoTy [EO.

2.1.5 MyckoBble ycTaHOBKU U BbIBOJ, Ha opouTy

CI'I)/THVIKVI BbIBOAATCA Ha Op6l/ITy npuv NOMOLLLA HYCKOBOVI YCTaHOBKMN. n)/CKOBaFI yCTaHOBKa
O0J/1>)KHa BbINMOJIHATL cneaytouine qJ}/HKLI,l/IVIZ

a) obecneynBaTb cofepxaHue CNyTHMKa B 06TekaTese, rae A0JIXKHbI 6bITb 06ecneyeHbl
KM3HEHHO BaxkHble PyHKLUUKN cnyTHUKA. Mpu HaxoxaeHWUM B 06TekaTene CnyTHUK
XPaHUTCS B KOMMAKTHOU reOMeTpUM 4151 MUHUMUK3aL M1 3aHUMaeMoro o6bema v 3aLLnThl
oT 3¢p(peKTOB YCKOpPEHUS;

b) BbIBOAWUTbL CMYTHUK Ha OP6UTY. N5 TOro 4T06bl MUHUMU3MPOBATL 06LLYI0 Maccy,
[AOCTaB/gseMyto Ha 60/bLUME BbICOTbI, MyCKOBas yCTaHOBKa OObIYHO MMeeT CTyneHYaTyo
CTPYKTYpY. [lepBas cTyneHb, KOTOpas ABASAETCA CaMOW TAXKeNON, A0/IxKHa obecneynTb
MaKCUManbHYO TATY AN OTpPbiBa OT NMyCKOBOW YCTAHOBKW 1 OTAENIAETCA B MEPBYIO o4epe/b.
O6TekaTenb cOpacbiBaeTCA Ha COOTBETCTBYIOLLEN BbicOTe. [Jpyrue cTyneHun (oaHa unu aBe)
BOCMN/IaMEHAIOTCA 1 NOC/Ae0BaTENbHO OTAENAIOTCS;

Ta6bnuua 2.6. OCHOBHbIe XapaKTEPUCTUKN OPOUT cnyTHUKOB MonHua n TyHapa (BbICOTbI
anores u nepures MoryT ObITb C/1erka CKOppekTMpOBaHbl O Mepe Heo6XoAMMOCTH)

T lMokpbimue CnymmHuku
un . .
op6UMb! HaknoHeHue  [lepuod Anozeli lepuzeti (om 00Hoz20 nonycgpepHo20
P CNYMHUKQ) oxeama

63,4° 124 ~39 800 km ~1 000 km BuaeH 3

MonHus Hapg 2 ToYkamu
B TeyeHne ~8 4

63,4° 24 4 ~48 300 km ~24 000 k™M BnpoeH 2

TyHnapa Hag 1 Toukon

B TeyeHune ~16 4

PucyHok 2.8. Op6urta cnyTHuka MonHus
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C)  oTnyckaTb CMyTHUK. [Jna cnyTHUKOB Ha Kpyrosbix opbutax HOO nyckosas ycTaHOBKa
BbINyCKaeT CMYTHUK HENMoCcpeACTBEHHO Ha OKOHYaTeIbHY0 opouTy. 15 anAnnTuyeckmx
op6UT NyckoBasa yCTaHOBKa OTNyCKaeT CMYTHUK B Nepuree u npuaaeT emy nocjiefHee
yCKOpeHUe 4719 NoJy4eHMNs 3Heprum, COOTBETCTBYIOLLEN LieNieBol opbuTe.

Mocne BbIxoAa Ha OPO6UTY CNYTHUK Ppa3BOpPayYnNBaET CO/IHEYHble 6aTapen U Ha4YMHaeT paboTy

B aBTOHOMHOM pexumMe. O4HMM 13 3Tanos noJsieTa ABAAeTCa 4OCTMXEHNE OKOHYATeIbHOM
op6uTbl NyTeM 3anycka CUI0BOM yCTaHOBKN. [1pn HaxoXAeHMM Ha reocTaLMoHapHol opbute
CNYTHUK B Nepuree Ha BbicoTe 35 786 KM nepexoauT Ha 31IMNTUYeckyto opbuty, 6narogaps
HanM4uIo ABuratens, BKao4aemMoro B anoree. /lpuratenb UCMOAb3yeT TBepAo0e, rMbpuaHoe nnm
yalle BCero xxnakoe Tonmeo (KMAKOCTHbLIN ABUraTe b anores), KOTopoe CXuUraetcs BO Bpems
HaxoXAeHWA B anoree 419 NPUAAHNS YCKOPEHUS, HeoOXx0AMMOTo A8 (POPMUPOBAHMSA KPYTOBOM
op6uTbl (CM. pUCyHOK 2.9).

3anyck cnyTHMKa — 3TO C/IOXKHOE 1 3aTpaTHoe Aeso. 115 Toro 4to6bl ONTUMMU3NpPOBaTh
3KOHOMMYeCKYto 3(PHEKTUBHOCTb, BO MHOTUX C/yHasx NPOU3BOAAT 3anyck cpasy
HeCcKoNbkNx CNYTHUKOB. TorAa 3afada nocaeAHen cTaamm 3akao4aeTcsa B TOM, 4TOObI
BbINYCTUTb pa3Hble CNYTHUKM B pa3IMYHOe BpeMs AN pa3feneHns opobut gpyr ot aApyra.
CooTBeTCTBYOLLME CUIOBbIE YCTAHOBKW NaaTOpMbl B AanbHelLLeM o6ecneynBatoT nepexos,
Ha OKOHYaTesNbHble OPOUTLI.

3anyck Manbix CNyTHUKOB M Npnbopos no nporpamme CubeSats, o6pa3sytoLmnx CTpyKTypbl
rpynnupoBoOK, NpeAcTaBastoT coboli xopowuii ob6pasey, rpynnosoro 3anycka. OgHum

13 npumepoB 3peKTUBHOWM CTpaTernmn 3anycka CnyTHUKOB SBNISETCA Tak Ha3blBaemas
rpynnuposka Walker Delta Pattern. HaknoHeHne op6uUTbI € BCex CMyTHUKOB A0JIKHO ObITb
oAuHakoBbIM. [TyckoBas ycTaHOBKa BblMyCKaeT CMYTHWKM Ha pa3IN4YHbIX BbICOTax, 1M60
CMNOBblE YCTAHOBKW CMYTHUKOB Pa3HOCAT UX Ha pa3Hble BbICOThI. Toraa kaxaas opbuta 6yaeTt
MUMEeTb Pa3/INYHYI0 CKOPOCTb NPeL,eccum COrnacHo ypaBHeHUo 2.4 n opbuTanbHble dpasbl 6yayT
oTn4aTbCA APYr OT Apyra co BpeMeHeM. Korga op6uTbl BCex CMYTHUKOB 6yAyT AO0MKHbIM
06pa3om pasHeceHbl, CUI0Bble yCTaHOBKU NaaTdopMbl obecneyart 4OCTaBKY KaXKA0ro U3 HUX
Ha Tpebyemyto BbicOTy H. V3 ypaBHeHns 2.4 BUAHO, 4TO Ha NpakTUKe CTpaTerns xopoLuo
pa6oTaeT AN MasblX HAKTOHEHWU U OTHOCUTENIbHO HU3KMX BbICOT, B APYIMX Xe CNyYasnx Bpems,
Heobxoanmoe A5 pa3BepTbiBaHMA rPYyNNNPOBKM, CTAHOBUTCA CanLiKoM 6o/blinmM. Hanpumep,
AN5 TOro, 4To6bl pasBepHyTb FPYNMNUPOBKY CMYTHUKOB CUCTEMbI HabtOAeHN B 061aCTK
MeTeoposioruun, uccnefoBaHuini noHocdepbl n knmmarta (COSMIC) (6 cnytHukos, H =800 km,
e=71°), noTpe6boBancsa oAuH roa.

Anorei

<

s
’

N
\

,/HI/ISKaH ‘\
! OKONO3eMHas |
opbuta

Mepuren

OkoHuaTeNbHas reoctalMoHapHas opbuTa

PucyHok 2.9. loctmxkenne rEO
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2.2 nPUHUMNbI ANCTAHULUNOHHOIO 30HAUPOBAHUA

HabntogeHuns 3a 3emnei N3 KOCMoca B OCHOBHOM npoOBOAATCA C UCNMOJ1Ib30BaHNEM
S/IEKTPOMArHMTHOIoO N3ny4eHusA. MckntoyeHne coctaBnstoT n3IMepeHns in situ Ha YpoBHE
I'I)'IaTqJOprI (FpaBVITaLI,I/IOHHOFO nonada, MarHUTHOTO NMOJiA, SNTIEKTPUHECKOTO NoaAA U NJIOTHOCTU
3apsAXKEHHbIX 4aCTUL, B CO/IHEYHOM BeTpe). B HacToAwem pa3anene O6C)/>K.Cl,aETCF| ANCTaHUMNOHHOE
3o0HAMnpOBaHKME 3emann yAenaetca ocob60oe BHMMaHue cieafyrouLm Bonpocam:

a) :-)J'IeKTpOMaFHVITHbIVI CMeKkTp 1 anana3oHbl, UCNOJb3yeMble ANA ANCTAHLLMOHHOIO
30HANPOBAHUA;

b) OCHOBHbI€ 3aKOHOMEPHOCTU B3aMMOﬂ,eVICTBMﬂ 3/IEKTPOMArHnTHOro
n3ny4eHna n BelecTBa,

C)  HabnoAeHUs B OKHax NPO3pavyHOCT aTMocdepsl;
d) HabnloaeHUs B nosocax NOroLWeHNS;
e) nnmM6oBOE 30HAMPOBaHNE N PaAN03aTMEHHbIE U3MEPEHNS;

f) AdKTMBHOE 30HAMPOBaHUE.

2.2.1 DneKTPOMarHUTHbIN CNEKTP U AMana3oHbl, UCNOJIb3yeMble
ANA ANCTaHLWOHHOIO 30HAMPOBaHUA

CnekTp 31eKTPOMarHMTHOrO U3ay4eHuns, Habnogaemolli U3 Kocmoca (CNyTHUKOBbIE
HabnoaeHns B HagMpe), npeactasneH Ha pucyHke 2.10. NpeacTaBneHHbIN 34ecCk AnanasoH

071 0,2 Mkm 80 3 cM (nam 10 M) BkAtOYaeT BCe AIMHBI BOJIH, KOTOPbIE MCMOJIb3YyOTCA 414
ANCTaHLMOHHOIO 30HAMPOBAHMNSA N3 KOCMOCA. VI3MeHeHNs C ASIMHOM BOTHbI OO bSACHAIOTCA
BANSAHMEM aTMocepbl C NPONYCKHOM cnocobHOCTbIO OT 1 (aTMOCcdhepHOe OKHO NPO3PavyHOCTN)
A0 0 (nolHas Henpo3payYHOCTb BCNEACTBME aTMOC(HEPHOrO MOIMOLLLEHNS).

B tabnuue 2.7 npeactaBaeHbl 061acTu CNekTpa, KoTopble OOLLEeNPUHATBI, XOTA U

He CTaHAapTM3NPOBaHbl. [TOMMMO LLMPOKO NCMONb3yeMOro napameTpa AJINHbI BOHbI A

M 4acCTOTbl v, MPUBOAUTCA Takxke BOJIHOBOE YMC/O v¥, KOTOPOE, IMaBHbIM 06pa3oM, MCNOb3yeTcs
B CNEKTPOCKOMUMU.

B Tabnnue 2.8 npusoauTca ganbHelwas nogpasbrBka MUKPOBO/IHOBOTO AMana3oHa
n cocegHero INK-anana3oHa, MCNOJIb3yeMbIX B pagmoaokaumm 1 NacCUBHOM paguoMeTpun.

MonHbIl cnekTp, NpeacTaBaeHHbIN Ha pucyHke 2.10, cocTonT n3 pasnmyHbelx obnacren
C AOCTAaTOYHO Pa3NNYHBIMU XapaKTePUCTUKAMMU.

B Yd-o6nactu cnektpa aTMocepHoe nornoLLeHme 6yaeT CUJIbHbIM, I1aBHbIM 06pa3om,
6narofapst OCHOBHbIM kOMNOHeHTaM Bo3ayxa (a3oty (N,) u kucnopoay (O,)) 1 ManbiM ra3oBbim

Mponyckaxnne

0,3MKM  1MKM 3 MKM 10MkM  30MxkM  100MKM 0,3 MM 1,0Mm  3,0Mm Tcm 3cm
~10000Ty =300y =100My =300y =10y

[nunHa BonHbI

PucyHok 2.10. CnekTtp (k03 pULMEHT NponycKaHUA) 3/1eKTPOMarHUTHOIO U3/ly4eHUs,
Ha6logaeMblli U3 KOCMOCa B Haaupe; auanasoH: ot 0,2 MkM A0 3 cm
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Ta6nuua 2.7. Monockl 31€KTPOMarHUTHOTO cnekTpa, UCnosibsyemMble
ANA AUCTaHLMOHHOTO 30HAUPOBaHUSA

Pas6uska cnekmpa

LnuHa 80/HbI A

BonHosoe vucno
v¥=1/2

Yo YnbTpacdnoneToBbIli AnanasoH
B fony6on

G 3eneHbin

R KpacHbi

BUO  Buagumbin

BUK  BavxHuii nndpakpacHbIi
BEVK Buaumbiii u 6AUXHUN

KBU

KB

B
CBA

MH@paKpacHbIi
(BUZ, + BUK)

K KopoTkoBONHOBLIN
MHpaKpacHbli

KopoTkoBOAHOBbLIN
JNVMHHOBOMHOBBIN

K CpeaHeBONHOBbLIN
NHPakpacHbI

TUK  Tennosoi nHgpakpacHbIn

MK NHdpakpacHbiin
(CBUK + TUK)

OVNK  JanbHuit uHdpakpacHbI

Cy6- Cy6MWUAIMMETPOBbIE BOHDI

MM (vyactb ANK)

MM MunnumeTpoBbie BOMHbI
(4actb MKB)

MKB ~ MUWKpPOBONHOBbIN

0,01-0,38 mkm
0,436 MKM
0,546 Mkm
0,700 MKMm

0,38-0,78 mkm

0,78-1,30 Mmkm

0,38-1,3 Mkm

1,3-3,0 MKM

0,2-4,0 MKM
4-100 MKM

3,0-6,0 MKkMm

6,0-15,0 Mk™m
3-15 mMkm

15 MkM =1 MM

0,1-1 mm

1-10 Mm

0,1-30cm

26 320-1 000000 cm™!

22935 cm™!
18315 cm™!
14 285 cm™!
12 820-26 320 cm™!
7 690-12820 cm™

7 690-26 320 cm™!

3330-7 690 cm™

2500-50000 cm™!
100-2 500 cm™!

1665-3330cm™!

665-1 665 cm™
665-3330cm™
10-665 cm™' 300-20 000 Iy,
10-100 cm™ 300-3 000 Iy,
1-10 cm™! 30-300 Iy,
0,033-10 c™m™’ 1-300 My,

Ta6nuua 2.8. Monockl, ucnonb3lyemble B paanosiokaumm (cornacHo AMepukaHCkoMy
ob6uecTBy poTOrpaMMeTpPUn U AUCTAaHLLMOHHOTO 30HANPOBAaHMSA)

lonoca JluanasoH yacmom /Jluana3oH 01UH 80/1H
P 220-390 MTy, 77-136 cm
UHF 300-1 000 M 30-100 c™m
L 1-2 11Ty, 15-30 cm
S 2-4TTy, 7,5-15cm
C 4-8 Ty, 3,75-7,5cm
X 8-12,5TTu, 2,4-3,75 cm
K, 12,5-18 Ty, 1,67-2,4 cm
K 18-26,5 Ty, 1,1-1,67 cm
K, 26,5-40 Ty, 0,75-1,18 cm
\Y 40-75TTy, 4,0-7,5 Mm
W 75-110 Ty, 2,75-4,0 Mm

Yacmomav =c/A



INMABA 2. MTPUHUWNTbI HABTKOAEHWA 3EM/TN M3 KOCMOCA 19

COCTaBNAOLWMM (M3 KOTOPbIX Hanbonee BaxHbIM ABNAETCsA 030H (O,)). B 3101 CcnekTpasbHoOM
0671acTn NOBEPXHOCTb 3eM/In HabtoAaTb HEBO3MOXHO. VICTOYHUKOM M3NyYeHns Ans
ANCTAaHUMOHHOIO 30HAMPOBaHNSA ABNSETCA OTPa)keHHas Co/IHeYHas paguaums.

B BUA-, BUK- n KBUK-o6nactax cnektpa ot 0,4 40 3 MKM, B HEKOTOPbIX CAyYasax 4o 4 MKM,
30HANPOBaHME MOXET OCYLLLECTB/IATLCS MO OTPAXEHHOW CO/THEYHOM pagmaumn. B atux obnactax
cnekTpa CyLecTByeT HECKO/IbKO MPOo3payHbix o6acteit (OKOH NPO3payvyHOCTM) 1 60/bLUOE
KOIM4eCTBO MONOC NornoweHns (cM. pucyHok 2.11).

B CBMK 1 TUK-o6nactax cnektpa oT 4 A0 15 MKM MCTOYHMKOM U3/ly4YeHUs ABASeTCA TenaoBas
3MUCCUA C MOBEPXHOCTU 3eM/IM U U3 aTMOCdhepbl, HTO FMaBHbIM 06pa3om 06yCN0OBAEHO
nornoLeHneM/ammccuneri BOAAHOro napa v AByOKUCH yrnepoaa, KoTopble BHOCAT
CyLLEeCTBEHHbI BK1aj B MapHUKOBLIN 3(pdekT. B coyeTaHNM C OCHOBHBIM OKHOM NPO3PavyHOCTH
aTMocdepbl 3TO MO3BONISAET COXPaHATb TEM/IOBOE PaBHOBECKE M1aHETbl HA MPUEMIEMOM YPOBHE
(cM. pucyHok 2.12).

Cnepytowas cnektpanbHasa obnactb, AanbHuii IK-gnanasoH ot 15 mkm go 1 MM (v 300 Tw),
ABNAETCA MOSHOCTbIO HEMPO3PAa4YHOW 13-3a KOHTUHYYMa BOASIHOTO napa. B atoit obnactn,
KOTOPYIO TPYAHO UCCef0BaTh U3-3a OTCYTCTBUSA 3PPEeKTUBHBIX METOA0B OOHAPYXKeHUS,
MUMEIOTCS IMHUM MOTOLLLEHNS HECKONBKMUX BaXKHbIX KOMMNOHEHTOB aTMOCdhepbl, Taknx Kak
rupapokcun pagmkan (OH), N3BeCTHbIN Kak «04NCTUTENb» aTMOC(EPBDI, U XJIOPUCTbI BOJOPOA,
(HCI) — 6y epHbIt KOMMNOHEHT, U3 KOTOPOrO BbICBOOOXAAETCA X/I0P, Pa3pyLUatoLLMiA O30H.
Mapokcnn pagukan n Xx10pUCTbI BOAOPOA MOXHO HabntoaaTe Tonbko B IVIK-grnanasone
(Hanpumep, okono 120 mkm = 2 500 Iy, 1 480 MM = 625 [Ty, COOTBETCTBEHHO).

B mukposonHosom aAnanasoHe oT 1 Ao 300 [T, MICTOYHUKOM M3NyHeHUs ABNSETCA TeNI0BOe
n3nyyeHune c noBepxHoCTM 3emam n atmocepsbl. Ha pucyHke 2.13 npeactaBneH aTMocdhepHbIi
cnekTp, HaumHas ¢ 2 [Ty, go cybmumnnmmeTposbix YactoT 1 000 M.

B TOlM YacT MMKPOBO/IHOBOTO AMana3oHa, B KOTOpPOl aTMocdepa sBnseTca 6oee Npo3payHon,
T.e. Ha YacToTax Huxe 100 [T, ANWHBI BOSIH NpeBbILIatoT 3 MM U1, Clef0BaTe/IbHO, OHM ropasao
60nblle pa3mepa 061a4yHbIX Kanesnb, 3a UCKloYeHnem 061akoB, AatoLwmx ocagku. MNoatomy
MWKPOBOJIHOBbIV ANana3oH NCNosib3yeTcs A9 HabMtoAeHNS 3a NOBEPXHOCTbLIO 3eMIn Un
onpeaeneHns CBOMCTB aTMocepbl MOYTN BO BCEX MOFOAHbIX YC/IOBUSAX.

AKTUBHOE 30HAMPOBAHUE 3aBUCUT OT I/ICI'IOJ'Ib3yeMOl7| TEXHON0IMK, a B CJsly4a€ MUKPOBOJTHOBOTO
AWana3oHa OT perlaMeHTa, peryimpyroLwiero ncnojib3oBaHme paano4actoTHOro CnekTpa.

MonekynsapHbii

Co, H,O- N, KOHTUHYYM O, Bce razoBble
KOHTUHYYM cocTasnsowmne
1 E ? ’ T EE V" 3 ~"‘<-r‘. .."_-.‘:\ 1": i ‘I'VI f‘l‘}’u:\‘-""
g 08 0t | : “WI'N ‘
o L : T i I
z 06F E H ‘ '
s T
o0 014 C T ” (
S Wt {hi
£ 02f o3 !
of . . . . . 1 i
0,4 0,5 0,6 0,7 0,8 0,9 1 1,5 3,5 4

[nvHa BoAHbI (MKM)

PucyHok 2.11. ATmoccepHbIi cnekTp B guanasoHe ot 0,4 no 4,0 Mmkm. B Hem nmeetcs
HECKOJIbKO OKOH, a Tak>Ke MoJ10C nornouieHns okmcu yrnepoga (CO, okono 2,3 Mkm),
asyokucu yrnepoaa (CO,, okono 1,6, 2,1 n 2,8 mkm), metana (CH,, okono 2,3 u 3,4 mkm),
HEeCKOJIbKO NoJ10C Kucaopoaa (rnaBHbiM o6pa3om okoo 0,77 MKM), HECKOJIbKO N0J10C
asota (N,) n o30Ha (O,) 1 MHOrO 3Ha4YMMbIX NO/10C BOAAHOrO Napa (rnaBHbIM o6pasom 0,94;
1,13; 1,37; 1,8 u 2,7 mkm) 3aecb Takxe NpeacTaB/ieH MOJIEKY/IAPHbINA KOHTUHYYM, KOTOPbIN
npensaTCcTBYeT UCNO/Ib30BaHUIo YP AN AUCTaHLMOHHOIO 30HAUPOBaHNUA NOBEPXHOCTU
3eM/11 U HUXKHeN atMocdepbl U3 KocMoca.
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[OnvnHa BonHbl (MKM)

16,67 12,50 10 833 7,14 6,25 556 5 455 4,17 3,85 3,57 333
T T T T T T T T T T T
300 300
N,O co
< ‘ | CH, ‘
g 280 280
=
s H,0
[}
c
Z 260 260
©
S
I
9]
2 240
=x
220
L L L L L L L L L L L L L L L L L L L L L

1
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

BonHoBoe yncno (cm)

PucyHok 2.12. AtmoccepHbliii cnekTp B anana3oHe ot 3,33 go 16,67 MkM. OCHOBHbl€e OKHa
npo3payvyHoCcTu aTMocepbl HaxoAATcA B Auana3oHax oT 3,7 0o 4,0 u o1 10 Ao 12 MKM.
MmetoTca 60nblumne nonockl nornouweHus soasaHoro napa (H,0) n asyokucn yrnepoaa (CO,).
Apyrue koMnoHeHTbl aTMocepbl: 030H (O,, 0k010 9,7 MKkM), MeTaH (CH,, 0k0N0 7,7 MKM),
MoHokcng yrnepoga (CO, okono 4,6 MkMm) 1 3akucb asota (N,O, 0kono 4,5 n 7,7 Mkm).

(A) NeTo — HM3KMeE WNPOTHI
(B) lopoBble cpegHUe WMPOTHI
(C) 3nma — BbICOKMeE LLIMPOThI

(D) Top — cpeaHune wWnpoTbl (Cyxue ycnoBus) C 030HOM
(E) Top — cpeaHune WNPOTHI: TONLKO a30T
(F) Toa — cpeaHuWe WMPOTbI: TONLKO KNCOPOA,

108 -

10 .
2 :
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£ :
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o102
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T V " “

/v ",
'IO*Z (E) ,,,,,,
O Kl/ICﬂOpO,D,HbIM pe30Hche
W pe30Hch BO,CI,FIHOFO napa
T T T T T
(2) 100 200 300 400 500 600 700 800 900 1000

YacroTa (M)

PucyHok 2.13. AtmocdepHbiit cnekTp B AnanasoHe ot 2 ao 1 000 I'Tw. 3aecb npeo6bnapaer
KOHTUHYYM BOZSIHOTO Napa, KOTOpbIii CTaHOBUTCSA BCe 60/1ee HeNPO3pPavyHbIM C yBe/In4eHNEeMm
yactoTbl B INK-ananasoHe. 910 He N03BOISeT BeCTU HabG/1lI0AeHNA NOBEPXHOCTU 3eM/N
Ha 60/1bLLINX YacTOTax U3 KocmMoca. Bropratolwimecs NiMHUM 030Ha Takxke npesainpyroT
B cnekTpe. Han6onee nonesHbiMun ABAAIOTCA NOJI0CkI kKucnopoaa (okono 57, 118, 388, 424,
487 I'Tu, n BblllE), KOTOPbIE UCMOJIb3YIOTCA A5 oNpeAeneHns Temneparypbl atMocdepbl,

1 nonocsl BoasHoro napa (okono 22, 183, 325, 380, 448 I'Tu, u BbiLue).

NcmoyHuk: Klein and Gasiewski (2000).
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Pagronokatop ncnonb3yeT MUKPOBOJIHOBBIN Anana3oH, B TO Bpems kak ingap — ontu4eckune
OJIVHBI BOJIH, TAE UMEIOTCS COOTBETCTBYOLLME UCTOYHUKMN (kpucTanabl). B Tabanue 2.9
nepeYncieHbl HEKOTOPbIE U3 LLUMPOKO MCMNOJ/Ib3yeMbIX YaCTOT U AJIVHbI BOJTH INAAPOoB. B nopsaake
CpaBHeHMSA B TabauLLe Takxe MPUBOAATCSA 4acTOThl, MCNOJIb3yemble [106abHOM HaBUraLLMOHHOMN
cnyTHukoBol cuctemomn (THCC), n cooTeeTCTBYIOWME CPEeACTBA PaAMO3aTMEHHOMO
30HANPOBaHMA aTMocepsbl (CM. 3.2.7, raBa 3 HaCTOALLEro TOMA).

2.2.2

N BeljectBa

OCHOBHbIE 3aKOHbI BSaHMOAeﬁCTBMﬂ 3/IEKTPOMArHUTHOIO U3sJjiydyeHus

MaKpOCKOI'II/I‘-IeCKMe CBOWCTBa NJIOTHOIO Te€Nna, Ha KOTOPbI€ HE BJINAKOT XUMNYECKNE NN
AAepHble peakunn, B OTHOWEHUN SNEKTPOMArHNTHOTO U3JTy4eHNUA Npn TEPpMOANHAMUNYECKOM
PaBHOBECUMU, BblPaXaOTCA TPEMA KanJqJVILI,VIeHTaMVI, CBA3aHHbIMU CneayolnM ypaBHEHNEM!

p(A.T.¢.0)+7(A.T.6,0)+&(A.T.C,0)=1

(2.6)

B atoM ypaBHeHuu p(1,T,{,p) — oTpaxaTesbHas CMOCOOHOCTb, T. €. OTHOLLEHNE pacCessHHOIo
obpatHoro nsnyyvenus I(1,T,¢,¢) k nagatowemy ninydenuto I(1); 7(4,1,¢,) — nponyckHas
CnocobHOCTb, T. e. fonsa I(1), kotopas npoxoauTt Yepes teno; e(4,1,{,¢) — nona I(1), kotopas
norioLLaeTcs Te/I0M, Ha3blBaeTCs U3ydYaTebHON CNOCOBHOCTbLIO B CUY MPUYNH, KOTOPblE
6ynyT 06bACHEHbI HUXE. DTN TpY KO3 PULUMEHTa 3aBUCAT OT A/INHbI BOSIHbI U3NTyHeHUS 4,
Temnepatypbl Tena T v reomeTpum HabnwoaeHns ¢, ¢ (3eHUTHOrO U a3UMyTasIbHOTO YI/10B

COOTBETCTBEHHO).

Ta6bnuua 2.9. Ucnonb3oBaHue cnekTpa B akTUBHbIX Npubopax (pagnonokaTopbl U Anpapbl)
M AN pagmno3aTMeHHOro 30HANpPOoBaHUS

HabnrodeHus Annapamypa Yacmoma unu dnuHa 6071HbI
Pagnonokatop MpuB6AHBIN CkatTepomeTp C-auanasoH (~5,3 ITu) nnn
BeTep K,-avanason (~13,4 Mu)
Tonorpadus AnbTumeTp C-amanasoH (~5,3 Mu) +
oKeaHa K,-amanasoH (~13,6 Mu)
O6naka Papgnonokatop K,-avanasoH (~13,6 I'Tu) n/van
M ocaaku 0CafKoB, K,-amanasoH (~35,5 M) nan
pagvonokaTop W-aunana3oH (~94 I'Tu)
06HapyxeHUs
o61a4HOCTU
N3o06paxeHuns Pagnonokatop L-gnanasoH (~1,3 I'Ty) nnum
c cmHTesnpoBaHHoin  C-gmnanasoH (~5,4 IMy) nan
anepTypom X-ananasoH (~9,6 u)
Nnpap Betep [onneposcknit Y®-nnpap (355 Hm)
B 6e306/1a4HOM nmpap
atMocdepe
A3po3onb, Nnpap obpatHoro  Y®-aunpap (355 Hwm),
BEPXHAA paccesaHus BEUK-nnpap (532 + 1 064 Hm)
rpaHuua
o61akoB
Tonorpadwsa AnbTumeTp BEVIK-nnpap (532 +1 064 Hm)
nefsAHOro WwuTa
PagnosatmeHHoe  ATMmocdepHas THCC + npnemHunk L-gnanasoH: ~1 580 + ~1 250 + ~1 180 Iy,
30HAMpOBaHNe pedpakuma Ha HOO (Tnob6anbHasa cuctema onpegeneHuns

mecTtonosioxeHus (FTCOM), no6anbHas
HaBUraLMOHHas CMyTHUKOBas cucTeMa
(TNOHACC) un Galileo)
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Teno, KOTOpOe He OTpaxaeT U AB/IAETCA MOJIHOCTbIO HENPO3PaYyHbIM A1 U3/TyHYEHUS Ha /lo60M
AnvHe BonHbl (rae p =7=0, n cnegosatenbHO ¢ = 1), Ha3biBaeTCa YepHbIM TeloM. OHO nU3ny4yaer
npwv ntobon Temnepatype T 1 BO BCeM AMana3oHe A UM v COrlacHo 3akoHy NnaHka:

2 3
B(L,T) = 2’;%% i BW,T) = 2”; WL (2.7)
eIkT _] ‘ kT —1

roe:
h=6,6256 - 10-3* x-c (nocTosiHHas MnaHka);
€=2,99793 - 108 m-c' (ckopoCTb CBeTa B BakyymMme);
k=1,38044 - 10-2 Ox-K' (nocTtosHHasa bonbumaHa).

B(4,T) (vnn B(v,T)) — aHeprus nsny4yeHus ¢ e4MHUYHON NOBEPXHOCTM Mo nonycdepe

Ha e AMHNLY AMHBI BOMHbI (U1K YacToTa). MOLWHOCTb U31yYeHNs Ha € AUHULLY TeNIeCHOTO yrna
coctasnset B/z. PyHkumsa MNnaHka ana Temnepatyp 6 000 Kun 273,16 K, koTopble sBAAOTCS
xapakTepHbiMK 418 nosepxHocTen ConHua 1 3eMnm COOTBETCTBEHHO, Npe/AcTaB/eHa

Ha pucyHke 2.14.

3Hepr|/|$|, n3ny4aemMas B NOJIHOM CNEKTPE, 3alMnNCbIBAETCA KakK:

w(T)= J‘(:OB(/I,T)dl =c-T* 3akoH CredaHa-bonbumana (2.8)
roe c=5,6681 - 108 Br-m—2-K*,

[Be kpuBble Ha pucyHke 2.14 nokasbiBatoT, 4To NoBepxHocTH ConHLa 1 3eMInN UMEIOT

OYeHb pa3Hyto 3Hepruio nsnyyvenns. OgHako nocsie KOpPekTUPoBkU kpmaol CosHLa

Ha kBagpat pacctosiHua Mexay ConHuem 1 3emneit ABe MHTerpasbHble NaoLain CTaHOBATCS
COMNOCTaBUMbIMU, 4TO OTpaxkaeT paanaLMoHHbIl 6anaHc 3emnun. Ecan macwtabuposaTb
BEPXHIOKO KPUBYIO HA PUCYHKE, TO MOXHO S1€rKO YBUAETb, 4TO 3Heprus (N10THOCTb
paanaLnoHHOro NoToKa) COMIHEYHON paanaLmn Ha 3eM/ie 04eHb Masia ans A >4 MKM.

X“ P~ I I
10 '
sk | [
o Yo B I MKB YBY | YKB | Paavo-
3 6 " 4acToThl
—' 4 - D‘
g "
o 2r bl
= oF Z
&
S oF
<
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e
-10F \
oL ¥ + . + . + + + N >
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PucyHok 2.14. ®dyHkuus NMnanka ana T=6 000 K (ConHue) n T = 273,16 K (3emns)
npepacraB/ieHa B BepXHel KPUBOM N HUXKHEN KPUBOW COOTBETCTBEHHO.
X — 3Ha4yeHu1s No OCcU OpAMHAT ABAAIOTCA cTeneHbio 10.
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OcHOBHOE pa3nnyne mexay ABYMS KPUBbIMU, MpeACTaBAEHHbIMU Ha pUCyHke 2.14, nocne
MacluTabupoBaHMA 3aKk/1t04aeTca B AJIHE BOHbI A, rae HabatoAaeTcs MakCUMyM U31ydeHus.
Ee MOXHO NpeacTaBuTb B BUAE POPMYbI:

max’

Amang npn b = 0,0028981 <K 3axkoH BuHa 2.9)

M3-3a norapudgmnydeckoro macwtaba no o6enm ocsim u3 pucyHka 2.14 TpyaHO OLLEHUTD,
HaCKOJ/IbKO KPYTOW aBnseTca PyHkuma MNnaHka B okpecTHOCTAX A . B cnyyae conHevHoii
paanaunu (T'=6 000 K) MmakcumMyM n3nydYeHus Haxoantcs B paroHe 4 =0,5 Mkm, 1 6onbias
4yacTb 3Heprum nexuT B gnanasoHe 0,2-3,0 MkM. B cnyvae 3emHom paanauunm (T=273,16 K,
T.e. T=0°C) MakcumMy™m HaxoauTcs B panoHe 4 =10 MKM 1 60/1bLIas 4aCcTb SHEPTUM NEXUT

B Anana3oHe 3—50 MKM.

Apyroi nHTepecHon oco6eHHOCTbIO PyHKUUK lMNaHKa ABNAETCA TO, YTO, NepeMellascb oT A
Kk 6071€ee KOPOTKMM AJIMHAM BOJTH, SHEPTUS N3NYHYEHNSA PE3KO YMEHbLLAeTCH, B TO BpeMs Kak

B CTOPOHY 60/1€€e A/IMHHbBIX BO/IH YMeHbLLEHNe NPoncxoanT 6onee nocteneHHo (MpUMepHO

2/3 3Hepruv NPUXOANTCS Ha AJINHbI BOH 60/blie A ). [118 04€Hb AIMHHbIX A/INH BOJIH UK
KOPOTKMX 4acTOT, HanpuMep, B MMKPOBO/IHOBOM AMana3oHe, rAe 3KCNOHEeHLMaNbHbIN apryMeHT
B pyHKumm Mnanka hu/kT << 1, ycnosuem sisnsetcs e/ = 1 + hy/KT, n Taknm o6pasom yHKLMS
MnaHka cBOANTCA K BUAY:

27k v

02

B cuny aToro cootHoleHuns nsmepeHus nsnydedns e MKB-grnanasoHe MOXHO cuntatb
N3MEePEHUAMY TEMMEPATYPbI M 3aMnCbiBaTb Yepes APKOCTHYo Temnepatypy (1)

B eAMHMLax TemnepaTypsbl. Ecin obLas sHeprusa nsnyy4eHns nsMeHseTca C Temnepartypom
nponopuunoHanbHo T* no 3akoHy CredpaHa-bonbumMaHa (ypaBHeHne 2.8), TO B MUKPOBOTHOBOM
4acTu CnekTpa OHa MeHsAeTCs NMHenHo. HanpoTus, B CTOPOHY 60/1ee KOPOTKMX AJIMH BOSH
HabnofaeTcs pacTyLias 3aBUCMMOCTb PyHKUMK lNnaHka oT TemnepaTypsl. [1pn3eMHas
paavaumns nsMeHsetcs npnbamsntTenbHo kak T° B rnaBHOM okHe npo3pavHoctn TVIK-agnana3oHa
okosnio 11 MkM u kak T2 B okHe 0k0/10 3,7 MKM. DTO MHTepecHas 0COGEHHOCTb AN
ANCTaHLMOHHOIO 30HANPOBAHMS, MOCKOJIbKY OHa O3Ha4aeT, YTO YyBCTBUTEIbHOCTb K BbICOKUM
TemnepaTtypam Bbille Ha 3,7 MkM. C Apyroi CTOPOHbI, Takne KOPOTKME AJINHbI BOJIH MeHee
4yBCTBUTEJIbHBI K HU3KMM TemnepaTypam.

Bwv,T) = T 3akoH Panes-xuHca (2.10)

Hanpumep:

a) Aanatenanpwu 220 K (HanpuMep, BepxHAs rpaHuLa 061akoB B BepxHeli Tponocdepe)
n3nyyenue Ha 11 mkm B ~1200 pa3 6osnblue, 4em Ha 3,7 MkM, ogHako npu 300 K
(Ha noBepxHOCTN) OHO 6onbLUE NPUMepPHO BCero Anwb B 130 pas;

b) 4yBCTBUTENbHOCTbL k Temnepatype nsmeHsetcs, (T. e. (0B/dT)/B) B Tpu pa3a Bbllle
Ha 3,7 MKM, 4eM Ha 11 MKM.

CnepoBartenibHO, A/IHA BOJIHbI 3,7 MKM XOPOLUO NOAXOAUT AN HabntoaeHU NoACTUNAlOLLEN
NOBEPXHOCTU, ONTUMasibHa AN O6HaPY>XXeHNS NoXxapa n MeHee NpUroaHa Ans
BbICOKNX 06/1aKOB.

3aBMCUMOCTH, NpeacTaB/eHHble ypaBHeHMAMMY 2.7-2.10, cnpaBeAiMBbl TOIbKO 4151 HEPHOTO
Tena (e =1). Ana o6bIYHOrO TeNa 3aBUCUMOCTb MOXHO YCTaHOBUTb Ha OCHOBE C/1eAYIOLLLErO
KOHLLeNTya/IbHOrO 3KCnepmumeHTa. PaccmaTpuBas paj Ten B U30/IMPOBaHHOW CUCTEME U TOTbKO
o6MeH 13ny4eHneM Mexay HUMU, MOXHO AOMNYyCTUTb, YTO NOC/Ie MEePEXOAHOro neproaa kaxaoe
N3 HUX JOCTUTHET TEPMOAMHAMNYECKOTO PaBHOBECUS, MPU KOTOPOM U3/1yYeHUe, KOTOPOe OHO
norsiowLaeT B COOTBETCTBUM C KO3hpurumneHToM nornowieHuns £(4,T), paBHO 3Heprun, KOTopyto
oHo mnsny4aet P(4,T). Otctona P(4,T)/e(2,T) = koHCTaHTa. B npeanonoxeHnn, 4To 0A4HO 13 Ten
AB/1S€TCA aBCONOTHO YEPHbBIM TE/IOM, NMOJyHaeM:

P(A,T) = €(A,T)-B(A,T) 3akoH Kupxrodga 2.11)
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3TOo ypaBHEHME FOBOPUT O TOM, 4TO KO3 PULMEHT NOrNOLLEHNS, BBEAEHHbIN B ypaBHeHUe (2.6),
Takxe onpeaenser CBOMCTBA N3/TyYeHUS, U MO3TOMY Ha3biBaeTCs U3ay4vaTeIbHON
cnocobHocTbio. N3 ypaBHeHuMs 2.11 BbITekaloT ABa BaXHbIX C1eACTBUS:

a) Haob6ow AnnHe BOJIHbI U NpU Nt060M TemnepaTtype, TeNo He MOXEeT U3Jly4aTb SHeprun
60/blUe, 4eM YepHOe Te/I0 Ha AaHHOM AJIMHE BOHbI U NPWU JaHHON TeMneparype;

b) T€/10 MOXET 13JTyHaTb SHEPTUIO TOJIbKO Ha T€X A/IMHAX BOJIH, Ha KOTOPbIX OHO
MOXET nornouiatb.

M3nyyaTenbHas CnOCOGHOCTb € 3aBUCUT OT AJINHbI BOJTHbI M B MEHbLLEN CTENEHU

oT TeMnepaTypbl. 115 HEKOTOPbIX Te/ & MOXeT OblTb MOCTOSHHOM A1 MHOTUX YacTen cnekTpa.
Ecnuv oHa nocTosiHHa No BCeMY CNEKTPY, TO TeNO Ha3blBaloT cepbiM. PopMa KPUBOW SHEPrUn
n3nyyvenusa P(1,T) Torpa 6ynet To4Ho Takom xe kak B(A,T), Tonbko ocnabiieHHOM 3a cyeT
koa(pduruneHTa ¢. B Takom cnyyae 3akoH BuHa (ypaBHeHue 2.9) ocTaeTcs HEM3MEHHbIM. A 3aKOH
CredaHa-bonbumana npuHumaet Bug W(T)=¢ - ¢ - T

3akoH KVIpXFOd)a NMPUMEHUM U K Fa3006pa3HbIM cpenam. nOBTOMy CcneKkTpasibHbl€ IMHNA
aTMOCq)eprIX rasoB 06bl4HO (HO He Bcerp,a) OTHOCATCA KakK K MOrMmoweHunto, Tak K n31y4eHuto.

2.23 Ha6nopeHuns B okHax npo3spa4yHoOCcTU atMocgepbl
2.2.31 Yxoo0aujee usnyyerHue

ATMocdepHble OKHa NPO3PaYyHOCTU — 3TO CnekTpaabHble 06/1acTh, B KOTOPbIX aTMOcdepa
npakTU4ecku npospayHa. He cyliectByet Takoli o61acTu, B KOTOpoi atMocdepa NoIHOCTbIO
npospayHa. Bo Bcex cnekTpasbHbix 06/1aCTAX UMEETCA HEKOTOPOE OCTaTOYHOE BO3MYLLIEHME,
BbI3BAHHOE KOMMOHEHTaMM1, UMEIOLLUMN KOHTUHYYM; Yalle BCero 370 BOAAHOM nap

B VK-, MKB- 1 B HekoTopoii cteneHu B KB-agnanasoHax. lpyrum ¢paktopom, B HaCTHOCTH,

B KOPOTKOBOJIHOBOM Jinana3oHe, IBNAETCA paccesHUe Ha MOJIeKylax Cyxoro Bo3ayxa

(8 ocHoBHOM N, 11 O,) 1 aspo3sonax. MNpexae Bcero, Hanbonee NPo3pavHbLIMKU OKHAMU ABISIOTCS:

a) B KB-amanasone (pucyHok 2.11): 0,5—0,9 mkm, 1,6—1,7 mkm 1 2,0—2,3 MKkMm;
b) B WK-ananasoHe (pucyHok 2.12): 3,5—4,0 mkm 1 10—12 mkmMm;
¢) B MKB-gmnanasone (pucyHok 2.13): 80—100 Iy, 25—50 My, v Huxe 20 M.

M3 ypaBHeHuna 2.6 cneayeT, 4To k03U meHTbl p (OTpaxaTte/bHas CNOCO6HOCTL),

7 (NponyckHas cNoCO6HOCTL) U & (M3/1yvaTeNbHas CNOCOBHOCTb) 3aBMUCAT HE TO/IbKO OT AJINHbI
BOJIHbI U3/1y4eHUs A 1 TeMnepaTtypbl Tena T, HO Tak>Ke 1 OT yC0BUI reoMeTpun (3€HUTHBIN yron ¢
M a3MMyTaJIbHbIA YTON ¢) CNYTHUKOBOM NAaTPOpPMbl OTHOCMTE/IbHO pacCMaTpPMBaeMoro Tena.

[na ynpouieHns paccMOTPeHMS NpeanoaraTcs caeylolne yCoBUS: BePTUKa/bHbIA CEKTOP
o630pa co cnyTHuKa (pncyHok 2.15), nn1ockne NOBEPXHOCTU U U3YyYEHME B HaNnpaBaeHNN
3eHuTa (cBeveHue).

Oawn unen 7(4,T) - I (1) npeactasnsier coboi nsnyyexme, npoweawee Yepes resio. OHO MoxeT
6bITb 0OHapPy>XXeHO B C/y4asx, KOraa Te10 He AB/ISeTCA MOJIHOCTbIO HENMPO3PaYHbIM U NCTOYHUK
N3NyYeHUS HUXE Tena HaXoAMUTCA B MPOTUBOMONOXHOW Nonycgepe No OTHOLUEHUIO K CMYTHUKY.

Ynen e(4,T) - B(2,T) — ncnyckaemoe nsnyveHune, BbipakeHHoe Yepes 3akoH Kupxroda
(ypasHenwue 2.11). OHO BCerga NPUCYTCTBYET, €C/IM Te10 HE HaXoAUTCA NPy abCoNOTHOM
TennoBom Hyne. Ero He 6yaeT B cnekTpasbHbix 061acTAX, rAe Te/lo He NornoLaert.

YneH p(A,T) - Iﬂ(/l,e) ABNAETCA OTPaXeHHbIM n3nydyeHnem. OHo obHapyxuBaeTcs, Koraa
WCTOYHWMK U3yYEHUS HAXOAMUTCS B TOM e nonycdepe, 4To u cnyTHUK. Ha pucyHke 2.15
noka3aHo ConHue. OgHako B MMKPOBOJIHOBOM AMana3oHe, rae CoJIHeYHas pagmaums

NpakTUYeCcKkn paBHa Hy/o, BeCb HebeCHbIN cBoA Nonycdepbl UCMyCKaeT U3nyveHne Kak
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PucyHok 2.15. Tpu KOMMNOHeHTa U3Ny4eHuns B KOCMOC

yepHoe Teno npu temnepatype T=2,725 K, rae makcuManbHas sHeprma Habntogaerca
Hal =19 mm (160 Mu). O6o3HaveHnE Ip(ﬁ,@) yKa3blBaeT Ha TO, YTO SHEPTUSA NPUXOAALLEN

paavaumun 3aBncuT oT yriia nageHus 6. O6biyHo ansa ConHua Iﬂ(/l,b?) =S(4) - cos ¢, rae S(A) cnyxunt
0603HavYeHneM npuxoasiLenn sHeprum, koraa ConHue B 3eHUTE.

Cy‘-IeTOM BCE€X KOMIMOHEHTOB paAnauund, oocturaroas 60pTOBOI7I annapaTtypbl CNyTHUKa, MOXET
ObITb Bblpa>k€Ha B BUAE:

1(A4,T)=7(A,T)-I. (A)+&(A.T)-B(A,T)+ p(4,T)-1,(2,0) (212)

OTa BeJINYMHa CUIbHO KOJ1Ie61eTCs MO CMeKTPY, Tak YTO 3HaYMMOCTb U3MEPEHUI ABNSeTCA
pa3yMHO yCTOMYMBOW TOIbKO B Y3KMX MOJIOCax NPOMNYyCKaHWSA B OKPECTHOCTAX ONpeaenEHHbIX
ANvH BosiH (kaHanoB). OaHako HekoTopas 6osee obuas MHopMaLmMs 3akatoveHa u B 6onee
LWwnpokoM amanasoHe anud sonH (BUJ + bUK + KBUK; CBUK + TUK; MKB).

223.2 U3mepeHus e sudumom, 6/1L>kHeM UHPPAKPACHOM U KOPOMKOBO/ITHOBOM
UH(pakpacHoM duanazoHax

B 3TOM AnanasoHe He cyLLeCTByeT TeNN0BOro nsnyyeHuns 3eman (B = 0). Pokycupyscb

CHavana Ha NoBepxHOCTN 3emn (CyLle 1 OKeaHe), npoLuejLlee nsnyveHune 6yaeT paBHoO HyIIoO,
MOCKO/IbKY HUXE YPOBHSA MOBEPXHOCTMN 3eM/IN UCTOYHMKA HE CYLLeCTBYeT. Y4nTbIBas Takxke, 4TO
oTpaxaTe/sibHas CMOCO6HOCTb MOYTU HE 3aBUCUT OT TeMMnepaTtypbl Tena, ypaBHeHue 2.12 moxeT

6bITb 3aMMCaHO B BUAE:

I (2)=p(2)-S(1)-cos¢ (2.13)

MoCKONbKY CONHEYHbIV CNEKTP U FTeOMeTPUs HabNtoAeHUS N3BECTHbI, UHOPMaLLUS, NOJTyYeHHas
B pe3ysibTate usmMepeHus B KB-kaHane, o4HO3Ha4YHO CBA3aHa C OTpaxaTe/ibHOM CNOCOBHOCTbIO
noBepxHocTu. MHorue reopusnyeckme nepemMmeHHble (NnapaMeTpbl pacTUTEIbHOrO NOKPOBa,
LBETHOCTb OKeaHa, TeKCTypa CyLUW U T. A.) MOTYT OblTb OL,eHEeHbl MyTeM U3MEpPEHUS
oTpaxkaTe/iIbHOM CNOCOBHOCTN Ha HECKObKMNX AnHax BoaH. OgHako, o61aka SABAA0TCA
Hanbonee o4eBUAHbIMM 06bekTaMun, HabnogaembiMn B KB-gnanasoHe. YpaBHeHune 2.13

B CTPOrOM CMbICJIe C/I0OBA He SIBNSIeTCS KOPPEKTHBIM A1 MOBEPXHOCTN 061a4YHOCTU, MOCKO/bKY
N3/y4eHune C NoACTUNAIOLLEN MOBEPXHOCTM MOXET NPOXOAUTbL CKBO3b 061aka. OgHako 3ToT

3 deKkT nMeeT orpaHnM4YeHHoe BO3AeNCTBUE, €CIN UMeeTCs:

a) obLasa nponyckHas cnoco6HOCTb (HMCXxoadWLasa U BocxoasLas) Yepes atMmocdepy;
b) Hu3kaa o6n1av4HOCTD;

Q) NCXOAHbIN NCTOYHUK M3nydeHns (ConHue) cnibHee, 4em Jito6as NOBEPXHOCTb
HUXe 061a4YHOCTH;
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d) oTpaxaTenbHas cnoCOOHOCTb MOACTUNAIOLLLEN NOBEPXHOCTU ABNAETCA HU3KOW (3a
NCKJTIOYEHNEM NeCcHaHOM NYCTbIHW, CHera v /ibAa);

€) oTpaxaTte/ibHas CnOCO6HOCTb 061aKOB p OObIYHO BbiLLE, 4eM Y /060N APYron 3eMHOM
NOBEPXHOCTMU.

OTtcroaa BbiTeKaeT, 4TO ypaBHeHue 2.13 ABnseTCa XOpoLnM NpnbankeHnemM, Kotopoe
NPUMeEHMMO K 601bLLIMHCTBY 061akoB. CyLLeCTBYIOT HEKOTOPbIE UCK/IIOYEHUS, TakMe Kak
OnNTU4YecKn ToHKMe ob/aka (B HaCTHOCTU, TOHKME NePUCTbIE).

VMcnonb3oBaHue oTpaxxeHHOro usny4yenus KB-gruanasoHa 415 KONMYeCTBEHHbIX OLLEHOK
ABNAETCSA HENPOCTOM 3a4a4ei, NOCKO/IbKY OTpa)kaTesibHas CNOCO6HOCTL B 06LLEeM ABAsSeTCA
aHmsoTponuyHoi. Camblii NPOCTON CyYali — Korja Teno, kakmm 6bl H1 6b1J10 HanpasaeHne
npuxoasiien pagmaumnm, nepepacnpeaensier oTpaxeHHyo paanaLmio COrnacHo 3akoHy
KOCMHYCOB OT 3eHUTa paBHOMEPHO A/11 1I060ro asumyTta. ITo Ha3biBaeTCa JaMbepTOBbIM
oTpaxeHunem. OgHako, BO MHOTMX Cy4vasx, Teno obnagaet CBOMCTBaMM N3OTPOMHOIO
oTpaxxeHus, KOTopble HEO6XOANMO N3MEePATb anpropu NyTeM HaBAOAEHNI NPU Pa3INYHbIX
HanpasAeHUAX BU3MPOBAHUA U Npuxoadiler pagnaunmn. OKoHYaTe /ibHble BbIYNC/IEHUS
N31y4YeHMS B HanpaB/eHNN Kocmoca TpebyloT MHTerpnpoBaHmsa no nonycdepe.

Mcnonb3oBaHue KB-gnanasoHa ans HabnoaeHWn 3a 3emneit B aTMocepHbIX OKHax TpebyeT
CneKkTpanbHOM ANCKPETM3aLL MM Ha HECKObKMX A/IMHAx BOJIH (KaHanax), MOCKO/bKY Ha 10601
OAHOW AJINHE BO/IHbI CUTHATYPY MOTYT UMEeTb CPa3y HECKOJIbKO TeJl, a OJHO Tes10 MOXeT UMETb
CUTrHaTypy Ha HECKONbKUX AJIMHAX BOJH. [T03TOMYy HEO6XOAMMbI MHOFOKaHabHble YCTPONCTBa
ANs pacno3HaBaHUA U OAHOBPEMEHHOro onpeeneHns CBONCTB pa3nyHbIx Ten. Hanpumep,
o6n1aka 1 CHer UMeloT OANHAKOBYIO OTpaxaTtesibHyt0 CNOCO6HOCTb B BUAMMOM AMana3oHe

Ha 0,65 MKM, HO O4eHb pa3Hyto OTpaxxaTeNbHYt0 CNOCOBHOCTb Ha 1,6 MkM. Kpome Toro, lwunpuHa
NoJioC NPONyCckaHMA KaHana AoJ/KHa COOTBETCTBOBATb NOCTaB/IeHHOM 3agave. Hanbonee
CTPOrol LUMpUHa NOA0C NponyckaHua byaeT A4 uBeTHOCTM okeaHa (Al = 10 Hm), 3aTem Ans
pactutenbHocTn (A1 = 20 HM), B TO BPEMS Kak A5 APYrnX 3/1€MEHTOB MOBEPXHOCTU 1 ANS
061aKOB LUIMPUHA MONOC MPONYCKaHNSA B HECKO/IbKO AeCATKOB HAHOMETPOB

MOXeT 6bITb 4OCTAaTOYHOWN. [MoNy4eHMe AaHHbIX O Ma/blX Fa30BbiX COCTABAAIOLWMX HAa ATMHAX
BOJIH CO/IHEYHOTO N3/lyYeHns TpebyeT ropa3go 60/bLuero CnekTpaabHOro pa3peLleHuns.
Apyrum sasneHnem, kotopoe BansaeT Ha ucnonb3osanne BU/ + bBUK + KBUK-gnanasoHos
AN KONMYECTBEHHbIX OLLEHOK ABSETCA NONApm3aLma: 3epkaibHOe OTPaXkeHNne CTPEMUTCS

K MpuopuTeTy Npu ocnabaeHnn BepTMKaJlbHOro KOMMNOHEHTa 3/IeKTpuyeckoro nons. Bektop
Crokca, KOTOpbI B KOPOTKOBO/IHOBOM AMana3oHe COCTOUT 13 Tpex 4ieHoB (nonsapusaums

B TPeX Hamnpas/ieHMsX Co cMeLLeHneM no ¢ase Ha 120°), NONHOCTbIO ONUCBIBAET 31EKTPUYECKOE
nose v NnpeaocTaBnsieT OCHOBHYO MHOpMaLUIO O CBOMCTBax Tena. Mynbtunonspusaums
MMeeT BaXkHOe 3HavyeHue AN HabnoaeHns 3a TeMU TeJlaMK, KOTOPble HE MMEIOT CU/TbHbIX
MHOrocnekTpaabHblXx CUTHATyp. TMNUYHBIMM NPYMEPaMM B 3TOM OTHOLLEHUN ABAAIOTCA
a’po30/u1 1 nepuctble ob6naka (MpoaoAroBartble NeasHble KPUCTANbI).

2.2.3.3 U3mepeHus é cpedOHe80/THOBOM UHPPAKPACHOM U Men/1060M UH(PAKPACHOM
ouana3oHax

B ananasoHe 4-15 MKM conHeyHasa pagnaumsa NnpakTUYeCcKn paBHa Hy/0. Ha moBepxHOCTU
3emnu (cylwe 1 okeaHe) Npollejlias pagnaumnsa Takxxe paBHa Hyto. bonee Toro, nprHnmas
BO BHMMaHMe, YTO M3y4aTesibHasg CNOCOOHOCTb NOYTU He 3aBUCUT OT TeMnepaTypbl Tena,
ypaBHeHue 2.12 cBOAUTCA K CiefyloLemy BUAY:

[IR(}L,T):S(),)B(),,T) (2.14)
ypaBHeHVIe 2.14 Takxe |'|pl/|6ﬂV|3l/|Tef|bHO cnpaseganBo N AnA O6}'|aKOB, MOCKOJIbKY NMponyCkHas

cnocobHocTb 061akoB B MIK-Anana3oHe 4OCTaTOYHO HM3Kad (3a UCKIIOYEHNEM TOHKUX
nepucTbix 061aKkoB).
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BONbLIMHCTBO NOBEPXHOCTEN CYLLN, U ONPeAeeHHO OkeaHa, UMeIoT KO3 MULMEHT U3NTydeHns,
6113KMI K eANHNLE C HebobLLMMUM BapuaumaMin. NosTomy nHpopmMaums, nonyyaemas nytem
nsmepenua B MIK-kaHane, TecHo cBa3aHa ¢ pyHkumeri MNnaHka (ypaBHeHue 2.7) unu, AN AaHHON
ANVHBI BOMIHBI, C TemMnepaTypon Tena.

Mpu 3agaHHON ANWHE BONMHBI A AW AN y3Koro kaHana Al okono A, pyHkumio MNnaxka,
ypaBHeHMe 2.7, MOXHO Nerko npeo6pa3oBaTtb 415 HaxoxAeHns Temnepatypsbl T:

T(A) = he (2.15)

2
Ak 1n 1+M
2°B(2)

OpHako T He 6yaeT NCTUHHOM TemnepaTypol Tena, 3a UCK/II0YEeHMEM Tex Clydaes, korga € = 1.
Ecnn nsnyyatenbHaa cnoco6HOCTb Tesla U3BECTHA M LUMPUHA MOJIOCkl NPonyckaHna kaHana A
AB/INETCA AOCTATOYHO Y3KOM, HTOObI CHUTATb € KOHCTAHTON, TO K USMEPEHHON BEINYNHE
MOXeT 6bITb NPUMeHeHa NonpasBka Ha M3ay4YaTesibHyl0 CNOCOO6HOCTb (NyTem Npeobpa3oBaHUS
B(4,T) =1,(2,T)/e(4)) n Ha n3mepeHHyto TemnepaTtypy Tena. JIn6o, npeobpasys N3MepeHHyto
Bennunny B(4,T) =1,,(4,T), nony4aercsa temneparypa T,,, (3kBMBaNeHT TeMnepaType YepHOro
Tena), KoTopas HMXe UCTUHHOM TemnepaTypbl Tena.

B!

[nsa uenoro paga pasnnyHblx Te, UMetoLWwmx e 6aunskyto k 1, HabntogeHne 3a 3nydYeHnem

B TK-aTMochepHOM OkHe N03BO/IAET MPOBOAUTL AOCTAaTOYHO TOHYHOE U3MEpPEHUe
Temnepatypbl. OHO 6yaeT 0CO6EHHO TOYHbIM /11 NOBEPXHOCTU OKeaHa, KoTopas umeet
n3nyyartesbHyto cnocobHocTb 61mn3kyto k 0,98. OgHako, nsny4yaTenbHas CMOCOOHOCTb ABAETCA
He eAMHCTBEHHbIM (hakTOPOM, KOTOPbI HEOBXOANMO KOPpPeKkTUpoBaThb. Kak roBopuaoch
paHee, aTMocepHble OKHa He ABAAt0TCA abCOMNIOTHO Npo3pavyHbiMKU. Hanprumep, ocHoBHOe
okHo B TUIK-agnanasoHe 10—12 MkM, 3arps3HaeTCst KOHTUHYYMOM BOASHOMO napa, 0CO6eHHO

B A/IMHHOBO/IHOBOW 061acTu cnekTpa. [l yMeHbLUIeHMsS Takoro BO3MYLLEHMNS OKHO pa3aenstoTt
Ha ABa kaHana, o6bli4yHo 10,3—11,3 n 11,5—12,5 mxm. AnddeperunanbHas abcopbuma 3atem
NCnosb3yeTcs A5 oueHKn nonpasku (obLiee cogep>kaHne BOAAHOMO napa B CTon6e MOXeT 6bITb
Tak>xe onpeaeneHo kak no6o4HbIN pesynbTaT).

Kak pe3ynbrat onncaHHbix 3pekToB, ypaBHeHMe 2.15 yka3biBaeT Ha 3aBUCMMOCTb Temnepartypbl
OT AJINHbI BOJIHbI (XOTS, MOCKOJIbKY CyLLeCTByeT BCEro oAHa TeMnepaTtypa Tesa, Takow
3aBMCMMOCTM He JO0JIKHO CyLLLeCTBOBaTb). Pa3bpoc 3Ha4eHunii ¢ ANMHOW BOJIHbI NOApPa3yMeBaerT,
Kaknm obpa3om onpegenéHHas nHgopmaumsa MoxeT ObiTb 0O6bAcCHeHa. Hanpumep, cpaBHuBas
T',,) V3MEPEHHYI0 Ha A/IMHE BOJIHbI 3,7 MKM 1 11 MKM, Hab/lloAaemyo pasHuLLy MOXHO O6bACHUTbL
pasnnMYHON BEIMYMHOWM U3ydaTeIbHOM CNOCOBHOCTU AN Yepes NPU3MY OTAEbHbIX NCKaXKEHUA
n3mepeHuin ot 06s1aKkoB.

Heob6xoanMMO MMeTb B BUAY, HTO OKHO Npo3padvHocTy 3,7 MKM BefeT cebd o4eHb No-pa3sHOMY
B lHEBHOE 1 HOYHOE BpeMs CyTOK. B AHEeBHOe Bpems OHO NOABEPXKEHO CUJIbHBIM MOMexam

CO CTOPOHbI OTPAXKEHHOW CONHEYHON pajnaLmnm, KOTOpyto He06X0AUMO Bbl4UTaTb

[0 NCMONb30BaHMA KaHana AN KOMYECTBEHHbIX OLLeHOK TeMI0BOro nsnyyeHms. Kak
YNOMMHAN0oCh paHee, OKHO 3,7 MKM SiB/igeTCa 60/1ee YyBCTBUTEIbHBIM K BbICOKUM
Temnepartypam, 4eM okHO 11 MKM. B TO e Bpems OkHO 3,7 MKM Masio NPUTroAHO A HU3KUX
Temnepartyp, Taknux kak TemnepaTtypbl BepxHeli rpaHuLLbl 06/1akoB B BepxHell Tponocdepe.
Pa3nnyHada peakuma Ha Temnepatypbl B OkHax 3,7 1 11 MKM MOXeT Takxe MCNo/Ib30BaTbCA AN
o6Hapy>KeHNs TyMaHa B HOYHbIX YC/TOBUSX.

Y10 KacaeTca 061aKkoB, TO ypaBHeHUe 2.14 fo cnx nop npakTuyecku cnpasenimso. OgHako,

3@ UCKJ/IIOYEHNEM ONTUYECKN MIOTHbIX 06/1ak0oB (06bIYHO Ky4eBble, C/IOUCTO-A0XAEBBIE),
n3nyyartesbHas CNOCOOGHOCTb COCTaB/AAET MEHbLUE eANHULLBI. DKBMBa/IEHTHasA TeMnepaTypa
YepPHOro Tefa ABASETCA CYLLECTBEHHO HMXKE UCTUHHOM TemnepaTypbl, 1 HEOO6XOAUMO NPUMEHATD
nonpaeky A/19 y4eTa HU3KOW MU3ny4daTesbHon cnocobHocTu. O6bIYHbIN MeToA 3aKk/iovaeTcs

B 06beMIHEHNM KaHa/la OKHa C KaHa/l0M, KOTOPbI MMEET BbICOKYIO YYBCTBUTE/IbHOCTb

K BOAsiHOMY napy. PasHuua mexay AByMs 3HaYeHusmMmn T, COOTBETCTBYET M3/1y4aTe/IbHOM
cnocobHocTr obnaka: 4yeM 60/bLUE pasHMLA, TEM HUXE N3JTyYaTesibHas CMOCOBHOCTb.

CreneHb NPOHUKHOBEHUA VIHquaKpaCHOFO N31y4eHna B obnaka SB/NISIETCS O4E€Hb HU3KOMN.
I/I3M€peHHa$| TemMnepartypa OTHOCUTCA K MOBEPXHOCTU BerHeVI rpaHunubl 06}'IaKOB,
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a MH(opMaLMs 0 BHYTPEHHEM CTPOEHUN 06/1aKOB HeLOCTaTO4YHa, 0COBEHHO A5 MIOTHbIX
0651akoB. TeM He MeHee, TeMMnepaTypa BEPXHEW rpaHuLbl 06/1aK0B, KOTOPasi HAXOAUTCS

B paBHOBECUW C TeMMNepaTypoli BO3AyXa Ha TOM e YPOBHE, AB/ISETCS BaXHbIM NapaMeTpom,
MOCKOJIbKY OHa onpeaensieT BblCOTy 06/1aka B Tponocdepe, a, ciefoBaTesibHO, U TUM o61aka.

NHdopmaumsa o BepxHei rpaHuLie o61aka, NonyYeHHas No TemnepaTtype YepHOro Tena, 4acto
6biBaeT HeTO4YHON. Mpn TOHKON 061a4HOCTK, TaKOW Kak TOHKMe nepucTole ob6naka, poHoBas
Temnepartypa NOBEPXHOCTU ropasfo Bblllie TeMMnepaTypbl BO34yXxa Ha ypoBHe obnaka. Kak
cnepcTBue, N3nyyYeHune NoBEPXHOCTU, NPOXoAsLLee CKBO3b 06/1aka, MOBbILLAET BEINYUHY
n3nyyeHmsa obnaka, Temnepatypa obnaka okasblBaeTCs Bblll€e, U, TaKUM 06pa3oM, 3afaHHbI
YPOBEeHb OKa3blBaeTCs 3aHMXeHHbIM. /I Ha060pOoT, MOLLHbIE NepucTbie 061aka C BbICOKOMN
n3nyyaTeslbHON CNOCOBHOCTLIO BOCMPUHMMAIOTCS B HaB0AEHNAX KaK O4€Hb XO/TI0AHbIE U MOTYT
6bITb NepenyTaHbl C Ky4eBO-A0XAEBbIMU 061aKaMu.

Bo n3bexxaHne HeO4HO3HAYHOCTH XelaTelbHO NPeACTaBUTb APKOCTb B BUAMMON 06nactu
cnekTpa n Temnepatypy B VIK-o6n1actu B BuAe AByMepPHbIX rmctorpamMm (pucyHok 2.16). Mpu
NCNoJ/Ib30BaHNMN TOIbKO OAHOM NONOCHI NPonyckaHusa (NPoeKLma 4ByMePHOro nsobpaxeHus
Ha OJIHy OCb) HEKOTOPbIE KJaCcTepbl MOTYT OKa3aTbCA Hepa3peLleHHbIMU. B To xe Bpems
[AaHHbIN NPUMep NoKa3blBaeT, YTO MOXHO naeHTUdUUMpoBaTb 10 pasnyHbix 06EKTOB NpU
MHOronon0CHOM aHannse. 3TOT Npumep ABASETCA NPOCTbIM NPUMEPOM UCMO/b30BaHUA paHee
3KCNyaTUPyeMOoro MHCTpymeHTa (paamMomeTpa ¢ 04eHb BbiCOKUM paspelueHmem (VHRRY))

W BCEro nuLb ABYyx kaHanos B BU/- n UK-o6nactax cnektpa. lNpuMeHseMble cerogHa MeToAbl
MHOrOMON0CHOrO aHa/n3a No3BoNAI0T paboTaTb C ropa3fo 601bLWMM YACOM KaHasloB.

Apkas Bugumasn Mepuctble
o6nacte | 56acts Cnoucro-ky4eBble o6naka
obnaka i W
Cnouctble
3acywnvBas obnaka :
0 Mepucro-cnounctbie
obnaka
Kyuesble
obnaka
NecHas noyBa UK-ob6nactb
TemHas -
obnactb
Tennas o6nacTb XonopHas obnactb

PucyHok 2.16. inarpamma paccesiuns 8 suammon o6nactu (0,65 mkm) no cpaBHeHUIO
c UK-o6nactbio (11,5 mkm), nossonsiowasn knaccucpuunposatb 10 Ten. Mpu npoekuunn
Ha OZIHYy 13 ABYX OCell HeKOTopble KnacTepbl 6yayT Hepa3pelleHHbIMMU.

NcmoyHuk: Bizzarri and Tomassini (1976).
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2.234 N3mepeHus e MUKpoBo/IHOBOM OUANA3oHe

B MMKpOBO/IHOBOM AnanasoHe CoNHeYHas pagmaumns npakTU4ecky pasHa Hyt0, O4HaKO
CyLLEeCTBYeT MCTOYHMK NPUXOAsLLEl paccesHHOM paanaumnmn: HebecHas ccepa. Ecnm rosoputsb
O MOBEPXHOCTN 3eM/IN, BKIOYAs CyLLy U MOPE, TO BE/IMYNHA NPOXOAALLErO U3NYYeHUs paBHa
Hynto. CyLecTByeT TO/IbKO iBa KOMMNOHEHTA: TEM/I0BOE U3JTy4YeHMe 1 OTPAXKEHHOE N3NyHeHune.
OHu onpepensaoTcs koaddumeHTamm n3yvaTesibHOM N OTpaXkaTe/ibHON CNOCOBHOCTEN,
KoTopble B cuny =0 cBA3aHbl ycrioBuem e +p =1 (T.e. p=1 - ¢). [lpeacrasnas sHepruio
N3/ly4eHuns Yyepes eAnHMILLbI TemnepaTypbl COrNacHo ypasHeHuto Panes-[xuHca (2.10),
Habntoaaemas spkocTHas Temnepatyp T, MOXeT GbiTb MoslyYeHa:

Ty (v)=8(v)-T+[1—£(v)]-Tsky(v) (2.16)

Tsky(y), APKOCTHas TeMnepatypa Heba, COCTOUT U3 (POHOBOro KOMMNOHEHTa KOCMUYECKOTO
W3y4eHUs 1 U3ny4eHuns oT 061akoB, AaloLWnx OcagKku; 3Ta BeJIMYMHa MeHAEeTC C HacTOTOW.

B rnaBHOM OKHe 1 Npu Hann4mMm o61akoB, He JatoLmnx ocagku, rae v ~40 I, Tsky(u) MOXeT
6bITb paBHOM ~140 K. B yC10BUAX MHTEHCMBHbIX OCaAKOB Tsky MOXET AOCTUTaTb TaKNUX BbICOKMX
3Ha4YeHum kak ~250 K.

BnusHune Tsky(u) CUJIbHO 3aBUCUT OT 3HAYEHUS U3NyYaTeSIbHON CNOCOBHOCTU ¢. [Jng MOps U cyLluun
3Ha4YeHMUS BEIMUYUHbI £ CYLLLeCTBEHHO OT/INYAOTCA.

M3nyyaTenbHas cCnocO6HOCTb MOPSA B MUKPOBOIHOBOWM 061aCTy ABNAETCA O4eHb HU3KOM:
e=0,5. Kak cneacteue, ABa 4jieHa B ypaBHeHUM 2.16 nMetoT 0ANHaKoBbIN BeC. B oTcyTcTBUE
o6nakoB, galoLWmnx ocagku, BenminHa T;kyﬂBﬂﬂeTCFl HM3KOW U M3BECTHA: U3IMEPEHUS MOITOMY
MOXHO CBf3aTb C TeMMNepaTypon noBepxHocTn mopsa. OnNTumanbHas YactoTa 415 TemnepaTtypsl
NOBEPXHOCTM MOPSA cocTaBnseT okono 5 My, (cMm. pucyHok 2.17), koraa TSky ropasfo HUxe, 4Yem
npwv 40 M. Takoe n3mepeHne ABAAETCA 4OCTAaTOYHO TOYHBIM M MPUMEHMMO BO BCEX MOTOAHbIX
YyCNOBUAX, MOCKO/IbKY AJ/IMHA BOJHbI (1 = 6 cM) ropa3ao 6osblue, 4yeM y 10601 4OXKAEBOM Kanau.
MHTEHCMBHOCTb N3/Ty4eHNs NOBEPXHOCTM MOPS Ha YacToTe 5 [T, ABnseTca penpe3eHTaTUBHOM
AN TemnepaTypbl BOAHOIO C/105 TOJ/ILLMHOM HECKOTbKO MUAIMMETPOB (MOANOBEPXHOCTHOIO
C/104) N0 CPaBHEHMWIO C AecsATKaMn MUKPOMeTPOB B ciiyvae NK-n3nydeHus (Temnepatypa
NOBEPXHOCTHOTO c/101). [pwn 60/1ee BbICOKNX HacToTax Tsky CYLLLeCTBEHHO yBe/IMYMBaeTCH,
0CO6EHHO NPU Ha/IMYMM CUNbHBIX 0OCaKOB. Boicokas oTpaxaTtenbHas cnocobHocTb (1 - ¢)
TakoBa, YTO HabMIOAEHMAMU MOXHO NOYy4UTb, IMaBHbIM 06pa3oM, NpeacTaBieHre 06 ocaakax.

Hana noBepxHOCTbIO CyLLM M3lyYaTesibHas cnocobHOCTb 6/1n3Ka K eanHuLe. Bropoii uneH
B ypaBHeHunW 2.16 B 3TON CBA3U He UMeeT CUJIbl, U O6HapYy>KeHVe 0CaZKOB 3aTPyAHUTENbHO.
Mpwn 60nee Bbicokmx YactoTax (~90 My, (4 = 3 MMm)) yxoasiiee n3nyYeHne C NOBEPXHOCTU
paccensaeTcs 60bLUINMM KanasMn 1 ele B 60/bLUEN CTeNeHN IeAAHbIMU KpUCTaniamm

B o6n1akax. Taknm o6pa3om, n3nydeHue, 4OCTUraroLLee CNyTHMKA, yMEHbLLAETCS.

|_|0}'I$Ipl/l3aLl,l/I$| TOXe MOXeT 6bITb UCMO/Ib30BaHa 4143 UsSMepeHunsa ocakoB. I/I3nyquV|e,
OTpa>XeHHO€e OT NOBEPXHOCTN MOPA, CU/IbHO NOAPU3OBAHO: MPU NPOXOXAEHNN O6J'IaKOB,
Jalowmnx ocagkn, OHO noAaBepraeTca Agenonapursaunnm, KOTOPYyr MOXXHO M3MEPUTb U TAKUM
o6pa30M onpeaennTb 0Caaku. ﬂ,l/quCbepeHLl,l/lpOBaHHaﬂ nonapusalna MOXeT NCNOoJ/Ib30BaTbCA
M Ha NOBEPXHOCTbIO CyLLUN, MOCKOJIbKY ncxogsaLiee n3ny4eHmne, pacCedaHHoe OT Kanesb
nnegsaHblX KpUCtasnos, NONAPU3YETCA.

HabntoaeHns npu HECKONbKUX Pa3inYHblX NOASPU3aLMAaX MOTYT ObITb MONE3HBIMW HE3AaBUCMMO
OT Lle/In 3mMepeHns ocaakos. AnddepeHunpoBaHHas nonspusaLma YyBCTBUTEIbHA

K LUEPOXOBATOCTM NOBEPXHOCTN — 3P DeKTY, KOTOPbI HEO6XOANMO YUUTbIBaTb B U3MEPEHUAX
TemnepaTtypbl MTOBEPXHOCTN MOPSA. DTOT 3P PeKT MOXHO Tak>Ke MCMONb30BaTh AN ONpeaeNeHns
CKOPOCTW BeTpa Haj, OKeaHOM, Kak noka3aHo Ha pucyHke 2.17.

Ha pucyHke 2.17 Takxe nokasaHo, 4TO U3/1y4YeHNe B MUKPOBOJIHOBOM AMana3oHe YyBCTBUTEIbHO
K CO/IEHOCTW OKeaHa, HO TOJIbKO Ha OY€Hb Masblx YacToTax, 06bl4HO okono 1,4 My (L-gnanasoH).
M3 pucyHka Takxe BUAHO, 4TO /1 U3MEPEHUS CONEHOCTN OKeaHa HeEOOXOAMMO OLLEHUTb
TemnepaTypy NoOBEPXHOCTM OKeaHa M CKOPOCTb BeTpa (M1 LUePOXOBATOCTb). AHA/IOMMYHO
COJIEHOCTMU, CYyLLLEeCTBYeT NoJsioca Nor/oLeHNs BOASHOIO nNapa, KoTopas BHOCUT NOrPeLLUHOCTb

B pe3y/ibTaTbl HAbGIOAEHWI 3a TEMNepPaTyPoii, BETPOM U XUAKOKane bHbIMU 061aKkamMu
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ConeHoctb CkopocTb BeTpa
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PucyHnok 2.17. HyectBuUTeNnbHOCTL (Onpeaensemas kak AT,/AP) MKB-4acToT K HEKOTOPbIM
reopusnyecknm nepemeHHbiM (P)

(ocagkamu). OTa noJsioca MOXeT O6bITb Tak>Ke CMOJIb30BaHa AN onpeaesieHns obLero
coaepxaHus BOASHOMo napa B ctonbe (BOAAHOIO Napa, KOTOPbI MOXET BbiNacTb B BUAE
0CaZlKOB) Haj okeaHOM. [lpyrMmu cioBaMm, B MMKPOBOJIHOBOM AMana3oHe, Kak M B ONTUYECKOM
nose, pas/inyHble NepeMeHHble MOTyT UMeTb Pa3/INYHble CUTHATYPbl B Pa3/IMYHbIX KaHanax

M BCNeACTBUE 3TOro He06X0AUM MHOTOKaHasibHbIM aHanu3.

M3-3a coBepLUEHHO Pa3/IMYHbIX 3HAYE€HWIM U31yvaTe/IbHOM CNOCOOHOCTU MOBEPXHOCTEN OKeaHa
W CyLlwun, Hanbonee o4eBUAHbBIM 3/1EMEHTOM Ha M306pakeHNIX MMKPOBOJIHOBOIO ANana3oHa
ABNAETCA rpaHunua cywm/mops. Mockonbky U3nydaTenbHas CNoCO6HOCTb bja 6au3Ka

K eAMHULLE, MOPCKO Jief, TakxXe ABNSeTCS O4eBUAHbIM O6bekTOM, NoaAatoWwmnmcs HabaaeHnio
BO BCEX MOTOAHbIX yC/IOBUAX. VI306paxeHs MMKPOBO/IHOBOTO Anana3oHa 0CO6eHHO MoJie3Hbl
Ans reorpacpnyeckmx panoHOB C YaCTON cnaoLWHON 06/1a4HOCTbIO. Haa cylueit, B ycnoBmsx

C M3nlyyaTesibHOM CNOCOB6HOCTbIO 6/IN3KON K eAMHUNLLE, YMEHbLUEHWNE MU3yYaTeIbHON
CNoco6HOCTY yKa3biBaeT Ha NPUCYTCTBME BOAbl HA MOBEPXHOCTU. DTO CBA3aHO C TEM, 4YTO
n3nyyartesbHas CNOCOOGHOCTb Tesla KOHTPONPYETCA ero AN3N1eKTPUYECKON MOCTOSAHHON: BOAa
Ha CyLLIe AB/IAeTCA CO/IAHbIM PaCTBOPOM, YTO YBE/IMYMBAET MPOBOAMMOCTb M COOTBETCTBEHHO
yMeHbLUAeT U3yyaTenbHYt0 CNOCOOHOCTb. DTOT 3hheKT MOXET 6blTb MCNOJIb30BaH A5
N3MepeHMs BAaXXHOCTM NOYBbI M CBOMCTB CHEXHOIO NOKPOBa.

Vi3MepeHns BNakHOCTU MOYBbI MOTYT 6bITb 4OCTAaTOYHO TOYHLIMU Ha O6HaXXeHHOW NoYBe,
O[HAKO C yBE/IMYEHNEM PACTUTENIBHOIO MOKPOBA CTEMEHb UX TOYHOCTU MOXET MOHMXATbCS.
[nsa Toro, 4To6bl NPONTUN Yepes PacTUTENIbHOCTb U U3MEPUTb BNAaXXHOCTb MOYBbI HA KOPHEBOM
YPOBHe, He06X04MMO UCNO/b30BaTb O4E€Hb HU3KME HacTOThl, B L-AMana3oHe nam gaxe HUxe —
B P-ananasoHe. Ha 6onee Bbicokmx YacToTax (Bbiwe 10 TL) 4yBCTBUTENBHOCTb K B/IaXKHOCTU
no4sbl 6yeT 3HaYNTENbHOW TO/IbKO B TOM C/lyyae, eC/IM YYUTbIBAOTCS MCKaXeHUs, BHOCUMble
pacTuTe/IbHbIM MOKPOBOM.

KLI,B)/M XapaKkTepHbIM CBOMCTBaMm CHeéra, KoTopble no44akoTCA 06Hapy>Keano B MMKPOBOJ/IHOBOM
Anana3oHe, OTHOCATCA YC/10B/A NMOBEPXHOCTHOIO TadAHWUA, a Npu Her)'l)/6OKOM CHEeXHOM

nokpose — BO,CI,FIHOVI 3KBUBaseHT. B nocnegHem Cydae npeano4vTuTe/sibHee NCnoJib3oBaTb
OTHOCUTEJIbHO BbICOKME 4aCTOThbl, MOCKOJIbKY CHEr 06bI4YHO npo3pa4vye€H Ha HN3KNX 4acCctoTax, a

Ha O4€Hb BbICOKNX 4aCTOTaX CUTHa/1 HaCbILWLAeTCA B BEPXHUX C/I0AX CHEXHOIO NOKpPOBa. |_|03TOMy
HEO6XO,CI,MMbI HECKOJ/IbKO 4acCTOT C pa3H017| F!'Iy6VIHOVI NMPOHNKHOBEHUA.
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224 HaGniopeHus B nosocax nornou,eHus
2.241 YpaeHeHue nepeHoca usny4yeHus

B nonoce atMmocepHOro NoroLeHns Kaxkiblit C10M TONLWMHOW dz nornowaeT n3nyyeHue,
nocTynatoLLee CHU3Y, U nepensnyyaeT ero. B npeanonoxeHnm Hyneson oTpaxatoLLei
cnoco6HocTu atMocepbl B IK-ananasoxe, atMocchepHoe nponyckaHue ¢ BbICOTbI Z 10 BbICOTbI
cnyTHUKa H MOXHO 3anucaTb B BUAE:

oAy N(z2)d

‘r()L,Z)=e_I (2.17)

rae N(z) — KOHLeHTpaums NorioLaloLLero rasa.

Bknaa nsnyyeHms atMocepHOro /1o TONLMHOW dZ Ha BbICOTE Z, CBA3aHHbIN C U3MEHEHNEM
nponyckanusa dr (1,z), coctasnsiet dI(4,z) = B[A,T(z)] - dz(1,2).

I/I3nyquV|e OT BCEero aTMOCCIZ)epHOFO ctonb6a no HanpaB/1€HUIO K CMNYTHUKY MOXHO
npeactaBuTb B BUAE:

1(2) = Ll BIATE)] de(2.2) 2.18)

(A,zg

rA€ Z, — BblCOTa NOBEPXHOCTU 3emnn.

Heobxoanmo f06aBnTb BKAaA U3/TyHeHMS OT 3eMHOWM MOBEPXHOCTU, 0C1abaseMoro npu o6LLem
NPOX0oXAEHUN N3Ny4yeHns Yepes aTMocdepy. Kpome Toro, MoxeT 6bITb Takxke onpeaeneHa
BecoBas PyHKLUA:

dr(A,z)

K(A,z) = (2.19)
dz
KOM6V|HV|pOBaHHO€ n3nydeHnme, pocturaroulee CnytHka, 3armncbiBae€TCca ypaBHEHNEM
nepeHoca n3ny4eHuns:
H
I(A)=BA,T,)-t(A,zy) + J BIA,T(2)]-K(X,z2)-dz (2.20)
ZS

M3 pucytnka 2.18 BuaHo, 4to nponyckaHue (ypasHeHue 2.17) cTpeMUTCA K eAnHNLE
C yBe/IM4eHMEM BbICOTbI Z (T. €. C yMeHbLUEHMEM TONLUUHBI aTMOC(EPHOTO C/104 C BbICOTbI Z

KM

32 +

)

PucyHok 2.18. KoaccpuumeHT nponyckaHus (ciieBa) U COOTBETCTBYIOLLLUE BeCOBble (DYHKLLUU
(cnpasa) ana cemu kaHanos B nosoce CO, 14 Mkm
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[0 BbICOTbI CNyTHMKA H). DTO CONPOBOXAAETCA YMEHbLUEHVNEM U3/TyYaTeIbHOM CMOCOBHOCTH

€ V yMeHblUeHMeM KoHuUeHTpaumuu N norowtatoLlero rasa. Becosbie pyHKLMN nMeLOT
MaKCMMasbHble MMKOBbIE 3HaYeHMs, COOTBETCTBYOLLME TOYKe Nepernba pyHKLUN

ko3 durumneHTa nponyckaHus. [pocToi cMbica ypaBHeHMs 2.20 3aknt04aeTcsa B TOM, H4TO
KaXZibl1 aTMOCePHBbIN CION TONLLMHOW dZ BHOCUT BKNaZ B U3NyYeHUe, JoCTUratoLLee CnyTHUKA,
B COOTBETCTBMMU C ero Temrnepatyponi (no pyHkumm MNnaHka) U Tak>ke ero CnoCo6HOCTbIO BHOCUTb
TakoW BKMaf, YTO KOJINYECTBEHHO OLEHMBAETCs BeCOBOM dyHKUMen. BecoBas ddyHKLMSA 3aBUCUT
OT KOHLLeHTpaLMM NOrOLLLAOLLErO ra3a U Be/IMYMHbI CUJIbl NOToLLEeHUs/U3nydYeHns (g). OHa
nMeeT Takyto (hopMy, YTO HUXKHME C/Ion aTMOChepPbl HAXOAATCA B HEBbIFTOAHOM MOJIOXKEHUM U3-3a
NOroLWeHN BEPXHUMU CNI0SMU, @ BEPXHME C/IOM HAXOAATCS B HEBbIFOAHOM NMOOXEHUN M3-3a
HW3KOWM KOHLLeHTpaLum nornouatoLero ra3a. ATMocdepHbii €101, KOTOPbIN @MOHCTPUpPYET
camble 60/bLUME N3MEHEHMA B MPONYCKaHNM, OObIYHO SIBASETCSA CI0EM, KOTOPbIA BHOCUT
HanbonblLUUM BKNaA,

2.2.4.2 Boccmanoenenue npocunsa

MuBepTnpoBaHue ypaBHeHus 2.20 aBnseTca HeTPMBUaIbHON 3aJaqell. OTO ypaBHeHMe
dpearonbmMa BTOPOro poaa, /11 KOTOPOro CyLLecTBOBaHWE UM €UHCTBEHHOCTb peLleHns

He rapaHTUpPylOTCA MaTemMaTn4eckn. B Halem cayyae CyLLLeCTBOBaHME peLLEHUS rapaHTUPyeTCs
camou npupogoi. ns obecnevyeHns eAMHCTBEHHOCTU peLlleHns Heob6xoaAnmo Ao06aBuTb
OorpaHnYyeHns Ans peleHns, NoCKOJIbKy 3a4ada SBAseTCsa N1oxo o6yC/I0BNeHHON. 3a BCIO
NCTOPUIO 30HANPOBaHMSA NPOgUINA U3NYHEHUS U3 KOCMOCa 6bl1v pa3paboTaHbl pasnyHble
MEeTOAbl, HEKOTOPbIE U3 HUX CTAaTUCTUYECKNE U TUHENHbIE, ApYyrue PU3NYeCcKNe U HENIMHENHbIE,
a TpeTbn — coYeTaHue Tex U APYrnx NoAxX040B.

OcHoBHa#s 3aja4a — UHBEPTUPOBaTb ypaBHeHMe 2.20 C Leblo Noy4YeHns TemnepaTypHoOro
npoduns atMmocdepbl. 2TO BO3MOXHO TOJIbKO, €C/I1 (PYHKLMS NPONyCKaHUs N3BeCTHa 3apaHee,
4yTO NpeanosnaraeT U3MePEHMS B MO0CAX MOM/IOLLLEHMS ras3a C U3BECTHbIM U YCTOMYMBBIM
npodunem koHueHTpauun. B MIK-ananasone CO, nmeet Takoii npocub B Nosocax okono 4,3

1 15 Mkm (cM. pucyHok 2.12). Kak 66110 0OTMe4eHo paHee, nonoca 4,3 Mkm 60onee 4yBCTBUTE/IbHA
K BbICOKOU TeMnepaTtype, ABNsASCb penpe3eHTaTUBHOM ANs HUxHel Tponocdepbl. OgHako

B 3TOW MOJIOCE MOXET MPOUCXOANTb NCKAXEHUE N3/TyYEHNEM OT APYrnX KOMMNOHEHTOB
atMocdepsbl, a B AHEBHOE BPEMS He/b35 HE YYUTbIBATb XBOCT KPMBOW COTHEYHOIO YepPHOro Tena
(>4 Mkm). Monoca 15 MkM siBNseTCAa cnekTpasibHO 60/1ee YNCTOM, HO B TO Xe BPeEMS B HEKOTOPOM
CTeneHu OHa 3arpa3HAeTCs KOHTUHYYMOM BoasHOro napa. KoagduuneHTol nponyckaHus

Mo 3TOM NPUYNHE HYXAAIOTCSA B KOPPEKTUPOBKE, NN anpUopU NyTeM UCNOb30BaHNS BHELUHEN
nHdopMaumm, NMbo anocTepruopun NyTeM BblINMOJHEHUS UTEPaLLMIA MOC/Ie BOCCTAaHOB/IEHUS
npocduns BOAAHOrO napa.

BoccTraHoBneHne npodunns BOAAHOIo Napa sBAgeTca cnefytowmm warom. Nocne Toro, kak
nosy4eH npoduib TeMnepatypbl B kKaHanax nosiocsl nornoueHns CO,, ncnonb3yotca apyrme
KaHasbl B nonocax nornouieHns H,O. OcHoBHas Nonoca, LeHTp KOTOPOI pacnonaraerca

OKOJ10 A/INHBI BOJIHbI 6,3 MKM, XOPOLLO pearvpyeT Ha BbICOKYO TeMrnepaTtypy, T. €. B HUXHEN

n cpeaHeli Tponocdepe. 115 MOHUTOPUHTA KIMMaTa BaXkHO MU3MepPATb BOASHONM Nap B BEpPXHeN
Tponocdepe. OgHako 3To TpebyeT NCNOJIb30BAHUA NONAOCHI 18 MKM, YTO TEXHOOTNYeCKN
3aTPYAHUTENBHO M3-3a OTCYTCTBMA 3 (peKTUBHbIX AeTekTopoB B ANK-gmnanasoHe.

Mony4yeHne npocuns BoasHoOro napa, i B 6osiee obLLEM C/lyvae KOHLEHTpaLUn
nornoLatoLLero rasa, ABNseTca OTHIOAb He NPOCTON 3aaayeli. Becosble pyHKLMN
MOrnoLLLaloLLErO ra3a MMeloT MakCMMYM Ha pa3InyHblX BbICOTax B aTMocdepe B 3aBUCMMOCTU

OT KOHLLEHTPaLLIMK 1 4acTOThbl ANCTAaHLLMOHHOIO 30HAMpPOBaHMA. bonee Toro, 3To BOCcCTaHOB/EHNE
HeKOPpPEeKTHO MO CBOel NPUPOoAE, NOCKONbKY DyHKLMA KO3 dULMeHTa NponyckaHns, KOTOPYIo
HY>XHO MHBepTUpOoBaThb (ypaBHeHMe 2.17), onpeaenseT cogepxaHne B TOHKOM CJIO€ Ha BblCOTE Z
KakK pa3HuLy MeX/y COOTBETCTBYIOLLIUM COAEPXKAHNEM ABYX O4eHb TONCTbIX CoeB: oT H A0z
noT H po (z - Az). TodHee cka3aTb, He60/bLLUAS BEINYMHA BBIBOANTCA NyTEM BblYUCNEHNS
pasHuLbl MeXAy ABYMS 6ONbLUMMU BEJIMHMHAMM.

ﬂ,OI'IO)'IHI/ITeJ'IbeIe TPYAHOCTU BO3HUKAKOT B CJly4asX, Korga npnucyTcrByeTt obnavyHocTb. Ecnun
MIrHOBEHHOE noJsie 3peHns (|FOV) MO/THOCTbIO 3aKpPbITO obnakom c O4NHAKOBbIMU MapaMeTpamu,
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npoduab NO-NPexXHEMY MOXHO NOyYNTb TEM e CaMblM METOA0M, XOTS1 OH 6yaAeT orpaHuyeH
atmocdepoit Hag o6nakom. Ecnum IFOV nuib 4aCTUYHO 3aKpbITO HacTbio 77 061aKa C U3nyyatoluei
cnocobHocCTbio obnaka & TO ypaBHeHMe nepeHoca NpuUMeT BUA;

cloud’
1) = ( ~Ecloud ‘1) [clear(ﬂ') *+ Ecloud M '[cloud(ﬂ') (2.21)

roe e - 1 — 3(peKTUBHOE NOKpPLITUE.

cloud
CyLLecTByeT HECKOJIbKO CMOCO6O0B A1 pa3peLleHus npobemM, CBsi3aHHbIX C BAUSHUEM 06/1aK0OB
(August et al. 2012, Susskind et al. 2014). OanH N3 MeTOA0B OCHOBAH Ha TOM, YTO B Havase
npoueaypbl BOCCTAHOB/IEHUS UCMOJb3YIOT KaHasibl C BECOBbIMU (DYHKLMAMU, MaKCUMaslbHble
3Ha4YeHMs KOTOPbIX SIEXKAT BbILLE BEPXHEN FPpaHuULbl 06/1aK0B, U TakuM 06pa3oM nonyyatoT
npoduab B Ha4asbHOM NpUbAMKeHUN. [oCe YEro BbINOHAS UTEPALLUM, MEHSIOT BE/IMYUHBI
3 eKTUBHOIO NOKPLITUS 1O TEX MOP, MOKa U3MEPEHUS BO BCEX APYTUX KaHanax He 6yayT
[laBaTb Hauny4llero cornacus. [lpyroii MeTo npeaycmMaTpuBaeT CpaBHEHNE HECKOTbKUX
6113KopacnonoxeHHsbix IFOV npu gonyLieHnm, YTo CMrHasibl pa3inyatTcs TOJIbKO U3-3a
pa3fINYHbIX OTHOCUTESIbHBIX BEJIMYUH NOKPBLITUI 77, @ 3aTEM NPOBOASAT IKCTPaNONALMI0

Ha HyNeBo .

B nto6om cnyvae cumtaetcs, 4To Korga o6naqHoctb B IFOV npesbiwaet npuMepHo 20 %, To

He cnefyeT npeAnpUHMMaThL MOMbLITOK Nosy4Yatb npoduan B MIK-ananasone. K cyacTbio, B Halum
AHn IFOV 30HaMpytoLelt annapaTypbl COKPaTUAOCh OT HECKONIbKNX AeCATKOB KU/TOMETPOB

fo nopsaaka 10 kM 1, cnefoBaTeslbHO, BEPOATHOCTb O6HapYyXXeHUs 3Ha4YUTeIbHOro YMca
MFHOBEHHbIX Nosel o63opa 6e3 061akoB B AaHHOW 061aCTK CTana ropasfo Bbille.

NMpo6nema 061akoB 3Ha4YNTEIbHO O61eryaeTca B MUKPOBOJIHOBOM Anana3oHe, rae
30HANPOBaHME BO3MOXHO NPU BCEX MOTOAHBIX YC0BUAX 3@ UCKIOYEHNEM CUIBHOTO AOXASA.
[na nonyyeHus npoduns TemMnepaTtypbl UCNOb3YHOTCS KOMMOHEHTbI aTMOCepbl C XOPOLLO
M3BECTHOW M NOCTOSHHOM KOHUEHTpauuei, Takue kak O, C nosiocamu NOrMOLLEHMUSA B inanasoHe
50—70 My 1 okono 118 Iy, (Moka eLLe He NCNOAb30BaAN CO cCnyTHMKA). s BoagsHOro napa
ycnewHo ncnonb3yetca nosoca 183 IMu. MNonoca 22 My, no3BongeT noayy4nTb cnabblii CMrHan,
KOTOPbIN MOXET AaTb 06LLYI0 MHTErPUPOBaHHYO NO cTON6Yy Benn4mMHy Hag mopem. CyLLecTBytoT
W ApYruye NoJioCkl NOM0oLWeHNs A1 TeMnepaTypbl M BOASHOIO napa Ha 60/1ee BbICOKMX YacToTax,
O[lHaKO pajuaLMOHHOEe BO34ENCTBME KOHTMHYYMa BOASAHOIO Napa He N03BO/SeT MPOBOAMUTD
HabntoaeHns B Tponocdepe C UCNob30BaHNEM ITUX CNEKTPasbHbIX MONOC.

YpaBHeHVe nepeHoca B MMKPOBO/IHOBOM AMana3oHe Mo cyTu asnseTcsa 6osee npocTbiM
BapnaHToM ypaBHeHus VIK-ananasona (2.20): BmecTo pyHkuum Mnaxka (ypaBHeHWe 2.7) MOXHO
NCNosib30BaTh annpokcnumaunto Panes-xumHca c IMHENHOM 3aBMCMMOCTbIO MO TemnepaType
(ypaBHeHune 2.10).

MoxHo 3agatb Bonpoc, nodyemy MKB-gnana3oH He ABASeTCA UCKAOYUTENBHON NOM0COM ANd
30HANPOBaHMA TeMNepaTypbl U BIAXXHOCTU, KOJIb CKOPO 30HAMPOBaHNE MOXET NPOBOANTCSA
NMoYTM BO BCEMONOAHbIX yCN0BUAX. [IpUYMHA COCTOUT B TOM, 4YTO BEPTUKa/IbHOE pa3peLlueHne
TpebyeT BbICOKON HYyBCTBUTE/IbBHOCTU K konlebaHnsaM TemnepaTypsbl (C BbicoTon). BepTrkanbHoe
pa3spelueHue camoe nyyliee B nonoce 4,3 MkM, rae dyHkumns MNnaHka n3amMeHseTcs npumMepHoO
oTHocuTenbHo T '2. B nonoce 15 MKM 4yBCTBUTEIbHOCTb HUXE NOTOMY, YTO PyHKLMA

MnaHka konebneTcs oTHocuTeNbHO T3. B MMKPOBONIHOBOM AMana3oHe, NOCKO/bKY B ecTb
nvHelHas pyHkumns ot T (cM. ypasHeHue 2.10), yyBcTBUTENbHOCTL (0B/0T)/B Konebnetcs
OoTHOoCUTeNbHO T, (OHa yMeHbLUaeTCs € yBenyeHneM temnepaTtypsl). lprmeyatenbHoi
0COB6EHHOCTBIO Pa3/INYHbIX MOOC AB/IAETCA TO, YTO €C/IN Noaoca 4,3 MKM XOpOoLUO NOAXOANT
ANS HWXKHeW Tponocdepsl, a nosioca 15 MKM XOpOLLO NOAXOAMUT AN CPeAHEN U BEpPXHEN
Tponocdepbl, TO MUKPOBOJIHOBas Nonoca Ha YactoTe 57 [Ty xopoluo noaxoanT Ans
cTpaTocdepbl.

BepTukanbHoe paspelueHne uMeeT NpUHLUNMaNbHOE 3Ha4YeHne 415 30HANPOBaHMNA
TemnepaTtypbl 1 BnaxHocTu. Ha pucyHke 2.18 nokasaH npumep, B KOTOPOM BECOBbIe (PYHKLUN
[O0CTaTOYHO LUMPOKKMeE. DTO NoApasyMeBaeT, YTO CTeneHn cBo60Abl (KOIMYeCTBO HE3aBUCUMBbIX
YacTel MHpopMaL M) xapakTepm3yoTCs orpaHNYeHHOCTbIO. BecoBble hyHKL MM CTaHOBATCA
6o0nee y3knmu, Korga cnekTpanbHoe paspelleHune npubopa yny4waercs. PucyHok 2.18
OTHOCUTCA K pagNOMeTPY, UMEIOLLIEMY BCErO CEMb KaHa/IOB M HU3KYIO pa3peLuatoLLyto
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cnocobHocTb (1/A1 = 100); ero BepTukanbHoe pa3pelueHmne coctaBnseT ~1,5—2 km B cpefiHei
Tponocdepe. CoBpemMeHHble NPUGOPbI 30HANPOBaHUA (CNEKTPOMETPbI) UMEIOT ThICAYM KaHanoB
1 60/1ee BbICOKYIO pa3peLuatoLlyto cnoco6HocTb (/A4 =1 000); ux BepTnkanbHOe pa3peLueHme
cocTaBnseT meHee 1 kM B cpeaHeli Tponocdepe. [lanbHellee yBenmyeHne paspeLuatoLLen
cnocobHoctn Ao /A4 =10 000 He yny4unT BepTUKabHOE pa3peLleHne npoduien
TemnepaTtypbl 1 BNaXHOCTW, HO MO3BOJIUT HabntoAaTb OTAENbHbIE IMHUWN MasblX Fa30BbIX
COCTaBNAOLWMX NS Lenein atTMochepHOr XUMUN.

CoBpeMeHHble Npn6opbI 415 MUKPOBOIHOBOIO AMana3oHa yxe AOCTUIIN MakKCUMasibHbIX
XapaKTePUCTUK C TOYKWN 3PEHNS BEPTUKA/IbHOIO pa3peLLeHns: OHO He MOXET ObiTb /lyulle

4yem ~1,5 KM B cpefHelt Tponocdepe n 6yaeT xy>e B HUXHeN Tponocdepe 13-3a CUIbHOMO
B/IMAHUSA U3/1yYEHUS 3€MHON NOBEPXHOCTN.

B kopoTkoBonHoBoM aAnanasoHe (YP, BU, BUK, KBUK) nsmepeHus B nosnocax norioLLeHns

B OCHOBHOM MCNO/b3YOTCS A5 aTMOCHEPHOM XUMUN C MPUMEHEHMEM CMeKTPasibHbIX

MeTOJ0B. YpaBHEHMeE NepeHoca U3y4eHns B JaHHOM c/lyvae 6yaeT 60n1ee CI0XHbIM, Hem
ypaBHeHue 2.20. BMeCTo TeMJIOBOrO N3/Ty4YeHMs, ONUCbIBAEMOTO 3akOHOM [naHka, ncnosib3yerca
601ee CNOXHbIN NpoLecc paccesHUs. BocctaHoBieHWe reopr3nyecknx nepemMeHHbIX onupaeTcs
Ha MoJenMpoBaHue, a He Ha ypaBHeHUA B IBHOM Buae. loMmnmo atMochepHOn xummm

aHaM3 MoJIoC NOI/IOLLLEHMS NCNOb3YeTCA A9 U3YYEHNS APYTMX NapamMeTpoB (CM. CNeKTp

Ha pucyHke 2.11), Taknx Kak:

a) AtmocdepHoe aaBneHMe Ha NOBEPXHOCTU 3EMIN: €70 BEJIMYUHY MOJTYHalOT U3 OLLEHOK
obLero coaepxaHus KUCI0pPoAa B nosioce okono 0,77 MKM B CPaBHEHWUW C COCEAHUMMU
OKHamu. TO OAVH 13 O4EHb HEMHOTUX MOAXOA0B, CYLLECTBYIOLLUX /1 U3MEPEHUS
NPU3EMHOrO AaBaeHUs U3 KOCMOCa. TOYHOCTb orpaHuinBaeTcs 3hhekToM paccesHus
aspo3onein, oTKyaa CleayeT, 4TO 3TO M3MePEHUNE Takxe AaeT MHpopMaLmio 06 a3po30nsx.

b)  BbicoTa BepxHel rpaHuLbl 061aKOB: ee MoayyatoT u3 geduumTa, KOTOPbI BO3HUKAET Npu
n3MepeHun obLLLero cogepxkaHna kncaopoaa B atmocdepHom ctonbe; cam gepuumt
BO3HMKaeT B pe3ynbTaTte MackMpoBaHUsA 061akoM HWdKHel YacTu ctonba. B npuHumne,
3T0 60Jiee TOYHbI METOA, YEM BblYMCAEHNE BbICOTbI BEPXHEN rpaHULbl U3 3KBUBAJIEHTHOM
TemnepaTtypbl 4epHoro Tena B IK-gnanasoHe c koppekuunei Ha n3ny4vatesibHyto
cnocobHoCTb obnaka U npeobpasoBaHme TemrnepaTypbl B BbICOTY C MUICMO/b30BaHUEM
npodunsa TemnepaTypbl.

¢) O6uee cogepxaHne BOAAHOIO Napa: CUrHan B O4HOM NN HECKOIbKMX NOJ0Cax BOASHOIO
napa (okono 0,94 nnn 1,37 MKM) CpaBHMBAETCA C CUTHA/IOM B B1VKaMLLNX OKHaX.
2T0 MOXET 6bITb 60/1e€ TOYHbIM METOA0M, YEM UCNONb30oBaHMe VIK-anana3oHa nam
MUKPOBO/IHOBOE NPOodUInNpoBaHue.

2.2.43 Jlum6oeoe 30HOUposaHue

Ha pucyHke 2.18 noka3sbiBaeTcs, Kak BeCOBble (DYHKLUWN CTAHOBATCS LUMPE MO Mepe yBeMYeHns
BbICOTbI. DTO yKa3blBa€T Ha TO, YTO BEPTUKa/IbHOE pa3peLleHue npoduiein TemnepaTtypsbl

M BNaxHoCTu Ans naccusHoi MIK u MKB pagnomeTpum yxyaluaeTcs € yBeiMYeHneM BbiCOTbl.

B HacTosiLLLee BpeMs NPU UCNO/Ib30BaHNN CMEKTPOMETPOB pa3peLleHne CYUTaeTCs afleKBaTHbIM
(~1 k™) B cpeaHeii Tponocgepe; 0AHaKo OHO CTAHOBUTCS NpeaesibHO AOMNYCTUMbIM (~2 KM)

Ha ypoBHe Tpononays3bl, rae TpebyeTtcs ropasao 6osee BbICOKOe paspelueHne. B ctpatochepe
BEPTUKa/IbHOE pa3peLleHne NPoAo/KaeT yXyALWaTbCs U 6bICTPO CTAHOBUTCSI HENPUEMIEMbIM.
CyliecTByeT ABa METOAA, KOTOPbIE MOFYT MOMOYb B 3TOM OTHOLLIEHUW: 30HAMPOBaHKe TMM6a
(Bkntovas 3aTMeHne ConHua, JlyHbl UiV 38€34) U pagmo3aTMeHHOe 30HANPOBaHue.

B pexunme 30HAMPOBaHMA B HaaMpe BepTUKaJbHOE paspeLleHne onpeensertcs pe3kocTblo
BECOBbIX (PYHKLINI, KOTOpPas KOHTPONINPYETCS, B CBOIO 0Yepeb, CNeKTPasibHbIM pa3peLleHneMm.
B ainm60BOM pexunme BepTUKaibHOE paspeLleHne onpeaensercs MexaHn4ecknum
ckaHupoBaHuem, T.e. IFOV npubopa no Bcet aTMoccepe Npu BU3MPOBAHWUN B MONEPEYHOM
HanpasneHun B obnactu 1nmba 3emnu (pucyHok 2.19). BepTukanbHoe paspeLueHune 3aBuUcuT
OT MOLLIAroBOro M3MEHeHMs Be/IMYNHbI, KOTOPOe NoA6MpPaeTCs B COOTBETCTBUM C BXOAHOW
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Mnatdopma

—— NnHuna BU3NPOBaHNA

AtmocepHble
cnon

PucyHok 2.19. leomeTpus "MM60BOro ckaHMpOBaHUSA

anepTypon N MHTEHCMBHOCTbBIO UMetoLLelica paanaunmn. O6bIYHO OHO 3aaeTca B Anana3oHe
mexay 1—3 km. lopu3oHTa/ibHOe pa3pelleHne 6yaeT rpy6biM, MOCKO/IbKY U3MEPEeHMe
MHTerpmpyeTcs no 60/bLIOK ONTUYECKOM A/IMHE NYTU, Kak MOKa3aHo Ha pucyHke 2.19.
lMonHas onTuyeckas AVHA NyTU MOXET COCTaBAATb ThICAYM KMJIOMETPOB, OAHAaKO

3 dekTMBHaA onTuyeckas AnnHa NyTU, NOC/e B3BELUMBAHUSA N0 aTMOCHEPHON NAOTHOCTH,
nMeeT NpoTsHXeHHOCTb NpuMepHO 300—500 KM B OKPECTHOCTAX TOYKU MPOXOXAEHNA
KacaTenbHOM IMHUMN.

NcTovHMKamMm n3ny4yeHns aBASIOTCA COMTHEYHOE U3NyHeHMe, OTpaXKkeHHoe B aTMocdepe, un
Tennosoe nsnyyeHune atmocdepsl B K- nan MKB-gnanasonax. Kak npasuno, numboBble
HabnoAeHNs HanpaBaeHbl He TONIbKO Ha BOCCTaHOB/IEHME Npoduiei TemnepaTypsbl

N BAAXHOCTU, HO TaKXe 1 Ha U3y4YeHne Masbix ra30Bbix COCTABAAIOLLNX A1 Lenel
aTMocepHON XMMUN.

B KB-ananasone (Y&, B/, BUK, KBVK) ckaHnpoBaHue atMocdepbl MOXHO OCYLLLeCTBAATb
npsMbiM HauenmeaHvem Ha ConHue BO BpeMs 3axofa unm socxoda ConHua (3aTmeHune).
HabntogeHune BbinoHAETCA NyTEM U3MEPEHMA 3aTyXaHMUA CNeKTPasibHbIX IMHUIA B COJTHEYHOM
cnekTpe. Meto/ CO/THEYHOro 3aTMEHNA UMeeT OTPOMHOE NMPenMyLLLEeCTBO B TOM, YTO NO3BO/IAET
nsbexaTb Kakoro-1mbo MexaHM4eckoro nepemMellLeHms Teneckona npnéopa n kakon-nm6o
KannbpoBKM, MOCKOJIbKY CNEKTPbI, M3MEPSieMble BO BPEMS 3aTMEHUS, MCMO/Nb3YIOTCA

B CPaBHEHUW C CO/IHEYHbIM CMEKTPOM, U3MepPAeMbIM He3a401ro A0 (MK Nocne) 3aTMeHus

npu Tex xe ycnosusax. OauH Hef0CTaToK, MO KpanHen Mepe, A5 NONAPHO-0POUTaANbHBIX
CNYTHUKOB, 3aK/1104AETCA B TOM, YTO NMOKPbITUE OrPaHUY€HO BbICOKUMMW LLUPOTaMM, rae CnyTHUK
urkcmpyeT BoCcxoa, (Un 3aKaT), KOraa OH 3aX0AMT B HOYHYIO Ayry opbuTbl (BbIXOAUT U3 Hee).
Bonee wnpokoe nokpbITUE MOXET 6bITb JOCTUTHYTO, €C/IN UCMONL30BaTb 3aTMeHMe JTyHbl.
[JanbHeriwee paclimpeHme oxBaTa Ha BCe LUMPOTbl BO3MOXHO C MCMOJ/Ib30BaHNEM 3aTMeH S
3ge3q. OgHako, B 3TUX c/lyvasx nsnydeHue 6yaet ropaso MeHbLLe.

2.244 Monnus

MonHua: o4eHb y3kasa (LUIMPUHON ~1 HM) NoJsioca ANMHbI BOSTHbI B 61MXKHeN nHdpakpacHoi
obnacTun cnekTpa UCnosib3yeTcsa 4719 HabAloAeHNs Tpunaeta Noao0Chl N3/lyYeHUs HeNTpPasbHOro
atoMapHoro kucaopoga okoso 0,774 mkM. DTa 4aCTb CnekTpa MOJIHUK cocTaBnsaeT okosio 10%
OT 06LLeli oNTUYECKON 3Heprnn MosHUN. CUIbHOE MOMJIOLLLEHME OT KUCI0POAa 3akpbiBaeT
NOBEPXHOCTb 3eM/IM U MO3BOJISIET 0OGHAPYXXMBaTb BCMbILLIKW B BEPXHEN YacTu 061a4HOCTY Aaxe
B AHeBHOe BpeMs. IHTeHCMBHOCTb (06LLaa onTuyeckas SHeprus), MPOTSAXEHHOCTb MO naowaamn
M KOJINYECTBO BCMbILLEK 3@ ONpeAe/IeEHHbIN NepUo U TEHAEHLMA Ha ONpeAeleHHON TeppuTopmn
ABNIAOTCA penpe3eHTaTUBHbIMU ANAarHOCTUYECKMMU NPU3HaKkamMum KOHBEKLLMK, BKJTtoYas
3NeKTPUYECKYIO SHEPTUIO, MUKPOMDU3UKY, KNHEMATUKY 0611aKOB 1 ocaZiku. Mpu pa3BuBaroLLMXCS
LUTOPMax MOJIHUM UMEIOT KOMMAKTHYIO MPOTSAXEHHOCTb, a MPU yBeIMYeHUn MacluTaba
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KOHBEKTUBHbIX LULTOPMOB NN UX CTUAHUN MOJTHUN MOTYT paCcnpoCTpaHATbCA Ha HECKOJIbKO
COTEH KNJTOMETPOB. Kpome TOro, MOJIHUN ABNAKOTCA peaKLl,VIeVI Ha HaKOoM/aeHune 3/1eEKTpn4eckoro
3apsaja B rpo30BbIX obnakax n eCTeCTBEHHbIM MCTOYHMKOM N()X B aTMOquepe.

2.2.5 AKkTUBHOE 30HAMpOBaHUue

OnuncaHHble Bbille MeToAbl 30HAMPOBaHNSA OCHOBaHbl HAa TOM, YTO NCTOYHUKaMM AN
ANCTaHLUMOHHOIO 30HAMPOBaHNSA SABAAIOTCS OTPaXEHHOE COMIHEYHOE N3JTyYeHne 1 TenoBoe
n3ny4yeHue, ucnyckaemoe 3emen (k KoTopbiM NprMb6aBAAIOTCA HEKOTOPbLIE APYTUe MeHee
3HauYnTe/IbHble UCTOYHUKU, Takne Kak (hoHoBOe n3nyyeHne He6a B MKB-ananasoHe, J/lyHa

1 3BE3/bl B 3aTMEHHbIX HAabNI0AEHMAX). DTN NPUPOLHbIE UCTOYHUKN AeNatoT BO3MOXHbBIM
naccMBHOe 30HAVPOBaHWe, A5 KOTOPOTro AIMHbI BOJIH, UCMOJIb3yeMble A1 HabntoaeHnn,
onpeaensaiTcs, rMaBHbIM 06pa3oM, NPMPOAHbIMKU 06bekTaMu. [py akTUBHOM 30HAMPOBaHNN
WNCTOYHUK ByAeT NCKYCCTBEHHbBIM M A/INHA BOJIHbI 30HAVMPOBAHMSA He NMOJIHOCTbIO OnpeaenseTcs
du3nyeckmMmMm cBOMCTBaMMN 06bEKTa, @ MOXET GblTh BbiGpaHa C y4eTOM OrpaHUYeHn,
CyLLeCTBYOLWNX A1 (POPMUPOBAHUSA U pacnpocTpaHeHUs curHanos. lanee 6yayT
paccMOTpeHbl ciefytoLme NPUHLMIbI aKTUBHOTO 30HAMPOBaHNA:

a) paAno3aTMeHHble usMepeHua (AN9 nonyvyeHns npoduner TemnepaTypbl U BAaXHOCTU
BbICOKOIO BEPTUKaIbHOTO paspeLleHns);

b) paavonokaTtop (ans uenel anbTUMETPUU, CKATTEPOMETPUMN, OLLEHKN NapamMeTpoB 06/1aKoB
M 0CaAKoB M NONYYEHUS N306paxeHuin);

) nnpap (ans obHapyxeHMs 061aKoB M a3p030Jieit, NepeMeLL,eHNs BO3AYLLHbIX Macc,
anbTUMETPUN N aTMOCEPHON XUMUN).

2.2.51 PaduozammeHHbIe HAGAI00eHUs1

PagnosaTmeHHble HablOAeHNA — 3TO OAUH U3 METOA0B NMMO0BOr0O 30HANPOBAHUA, KOTOPbIN
NCNoJib3yeT COBEPLUEHHO APYrO NOAX04, OT/INYHbIN OT MAaCCMBHOIO PagMoOMeTPUYeCckoro
n3mepeHus. MIckycCTBEHHbIN MCTOYHUK (B AAHHOM C/ly4ae CUrHaa OT HaBUTraLMOHHOrO
cnyTHuka (TCOM, INMTOHACC, Galileo nnn Compass)) otcnexmpaeTcs (PUEMHUKOM Ha 60pTy
HU3KoOp6UTaIbHOrO CnyTHMKa (pucyHok 2.20).

a=napameTp BO3AeNncTBna
I = PaccTosHM1e OT LieHTPa KPMBU3HbI MOBEPXHOCTN 3eMAN [0 TOUKM KacaHus

PucyHok 2.20. MpuHumMn pagnosaTtMeHHOro 30HAUpoBaHus. Bo Bpems 3axoaa nam sBocxoaa
cnytHuka FCOM Hap ropusoHTom cnyTHuka Ha HOO npenomneHnue, Bbl3BaHHOE U3MeHEHUeM
cBOMCTB aTMOcdepbl BAO/b Jly4a, U3MeHseT HanpaBJlieHUe pacnpocTpaHeHUs BOJTH
nop, yriom a.
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M3meHeHMe HanpaB/ieHnsa pacnpoCTpaHeHs CUrHana B pesynbrate atTMocdepHol pedpakumm
(yron npenomnenus a) npeobpasyeTcs B pa3oBblii CABUT. DTOT CABUT 3MEPSETCS C XOpoLUei
TOYHOCTbIO 1 3aTeM NpeobpasyeTcs B Npodusib pedpakLmnm Co BpEMEHEM B NpoLiecce
3aTMeHUs, KoTopoe npogoskaetcsa okono 90 c. BennynHa pedpakumm 3aBUCUT OT TemnepaTypbl
M KOHLEeHTpaLun BOAAHOTO Napa B aTMocdepe.

Pedpakums cea3aHa c aTMOCHEPHBIMU NEPEMEHHBIMY CeAy oMM 06pa3oMm:
N=(n-1)-10°=77,6- p/T+3,75-10° - p,,/T* (2.22)

roe N — pedpakumns, n — K03 PULNEHT NPeNOMNEHNs, p — AaBieHUe CyXOro Bo3ayxa,
p,, — NapumnanbHoe AaBneHune BoAsiHoro napa, T'— Temneparypa. KoacppurumeHnTol ana p np,
3anuceiBatoTca B rlla, a T — B rpaaycax KenbsuHa.

da3oBblii CABUT, MO CYLLECTBY, IBNSETCA U3MEPEHMEM BPEMEHW, OAHUM U3 CaMbIX TOYHbIX
n3MmepeHuii B pusmke. [lpyroin 0CHOBHOM NapameTp npeactaBaseT CO60iM pacCTosiHMUE MeXay
cnyTHUKaMu. [NOCKONbKy BpeMs U pacCTosiHMeE ABASAOTCA (PyHAAMEHTa/lbHbIMU METPUYECKUMMU
Be/IMYMHaMMN, paamo3aTMeHHbIe U3MeEPEHNS NPeACTaBAA0T CO60M abCONOTHbIE N3MEPEHUs
(He Tpebytowmne KanMOPOBKM): 3TO BECbMa NePCMNeKTMBHasA XapakTepHas 0CO6eHHOCTb
[laHHOTO MeTo/a B NJlaHe MOHUTOPUHTa K/iMMaTa, Koraa BenminHa pedpakimm 3aBUCUT TOSIbKO
OT TemnepaTypbl U KOHLEHTPaL MW BOASHOTO Napa B atmocdepe. PakTnyecku, LOATOCPOUHbIE
pagno3aTMeHHble Hab0AEeHNS CHMTAIOTCS 3Ta/IOHOM CpeAn MeTOA0B O6Hapy>KeHNs
M3MEHEHUS Knnmara.

[aHHble pagMo3aTMeHHbIX M3MePEHNIA JOCTAaTOYHO TPyAHO o6pabaTtbiBaTh MO ABYM
obcToAaTeNbCTBAM: BO-NEPBbIX, MOTOMY YTO NOJ0XEHWEe TOYKN KacaHus (CM. pucyHok 2.20,
cnpasa) nepeMeLLLaeTcs BO BPeMS U3MepeHuii npoduns; u BO-BTOPbIX, AaBaeHne, TeMnepaTtypa
W BJIAXKHOCTb HE MOTYT M3MepPATbCSA He3aBMCUMO. 10 3Tol NnpuymHe TpebyeTca YeTbipexMepHoe
yCBOEHME B MOAENN YAC/IEHHOrO NPOrHo3a noroApl. B MeHbLuel cTeneHn 3To npeacTaBnseT
npo6nemy A5 NONyYeHUs TeMNepaTypbl B BepxHei Tponocdepe un ctpatocdepe, NOCKONbKY

B 3TUX C/1051X COZlep)KaHMe BOASHOrO Nnapa 04eHb HU3KOE, a TakXe B HUXHeW Tponocdepe, rae
BOASHOWM Nap oTBeyvaeT 3a 60/IbLUYIO YaCTb U3MEHYMBOCTM.

C BepTMKanbHbIM paspeLleHnemM pagmosaTMeHHbIX Npodunein B BepxHen Tponocdepe

n ctpatocdepe (okono 0,5—1,0 kM) He MOTYT conepHMYaTb HaANPHble HaboAeHNA

B VIK-anana3soHe nnm nsmepenns B MKB-guanasone (1,5—2 km). bonee Toro, ncnonbsyemole
yacTtoTbl (L-nonoca: cm. Tabnuuy 2.9) He 3aBUCAT OT 061aKOB, Aaxe AatoLLnX OCafKu.

B pesynbraTe 3TOro n3mMepeHus, XxoTa M NpoBOAATCA, MaBHbIM 06pa3om, B IMMOOBOM pexnme,
MOryT uMeTb 60/1ee MPOTAXKEHHbIN OXBAT BM/IOTb 40 MOBEPXHOCTU 3EMJIN, HANPUMEP, NPU
HabntoaeHNn atMocepHbIX HEOAHOPOAHOCTEN, TaKUX KaK BbICOTa BEPXHEN rpaHuLLbl
naaHeTapHOro NorpaHN4YHoro cnos. KpoMme Toro, pagno3aTMeHHbIE U3MEPEHUS ABAAIOTCA
O[lHMM N3 HEMHOTNX METOA0B ONpeAe/leHNns NPU3EMHOIO AaB/eHNA: 3TO BbINOHAETCA
nyTem KOppeaumn mexay BbiCOTOM Tpononay3bl U AaB/leHUEM BO34yXa Ha YPOBHE 3eMHOMN
NOBEPXHOCTU.

[ns Toro 4To6bI yHeCTb MOBOPOT CUrHana B MoHocdepe, Npu nepegadvax C HaBUraLMOHHbIX
CNYTHWKOB UCNOb3YIOTCA, NO KpaliHel mepe, ABe 6113KOPACNONOXKEHHbIe YacTOThl.

B xoze npouecca koppekumnm B ka4ecTBe NoH6OYHbIX NPOAYKTOB NoAyYaloT MHgopmauutio,
OTHOCHLLYIOCS K KOCMUY€ECKOW Norofie, Takne kak obLiee cogep>kaHne 31eKTPOHOB 1 Npodub
NIOTHOCTU 3/1EKTPOHOB.

2252 Paduonokamop

Pagnonokatop (paanoobHapyxxeHWe n faibHOMETPUS) nepeaaeT UMMYNbCHbIE CUTHa b
HabntogaeMoMy 06bEKTY M ynaBanBaeT CMrHan o6paTHoro paccesHus. Mo cytu, oH

n3mepseT pacctosaHue (MAn fanbHOCTb) U MOLLHOCTb 06paTHOro paccesHusa 6narofaps
paanonokKaLMoHHOM oTpaxaTeslbHOM CNOCOBHOCTU AN PaZMO/IOKALMOHHOMY CEeYeHM IO Tena.
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ypaBHeHVIe paanonokaunm MOXHO 3arnuncaTtb B pa3/iIndHOM BUAeE. Cambiit npOCTOVI ana

MOHMMaHWA BUA CNeayoLLni:

e I 2.23)
4 -r 4r-r

rae PS — JHepruA O6paTHOr0 pacceaHns, noCctynatouiad Ha aHTEHHY; Pt — JHepruAa, nepeaaHHas

aHTeHHOI1; G — ycuneHune aHTeHHbl; A — 3P ekTUBHas NaoLajb NPUEMHOM aHTEHHbI

paamnonokaTopa; r — paccTosiHUe U 6 — PaAMooKaLnoHHoe cedeHmne. CneoBaTebHO:

P,

N

P .G/4znr* — 3Heprus, AOCTUraOWAs Le/Iv Ha PACCTOAHUN T;

P .G/Axr* - 6 — 3Heprus, otpaxeHHas oT 06bekTa;

P.G/Axr* - 6/4xr* — 4acTb (M30TPONUYECKMN) OTPAXKEHHOW SHEPTUM, KOTOPas
BO3BpalLL,aeTcsa Ha aHTEHHY.

YcuneHune aHTeHHbI MOXHO NPeACcTaBuTb B Buae G =4x - A /4> (OTHOLIEHNE, HENOCPeACTBEHHO
cnepgytollee 13 3akoHa gudpakumn). NMpeactaenas 3PekTUBHYIO 30HY NPUHMMAalOLLLEN
aHTEHHbI paanoniokaTopa, A , U3 €ro anbTepPHaTUBHOIO BbIPAXEHWUS U NPU NMOACTaHOBKe

B ypaBHeHue 2.23 npuHUMaeT CefyoLWmni Bua:

_Pt.G2.)v2.
64> -1t

PasnunyHble TUMbI paaMONOKaTOPOB OPUEHTUPOBAHBI TM60 Ha TOYHOCTb M3MEPEHUS AaNbHOCTU
(anbTMeTpebl), NM60 Ha oTpaXkaemMocCTb/cevyeHune (ckaTTepoMeTpbl). PagnonokaTopsl

Ans obHapy>keHns 061aKoB 1 0CaAKOB OCHOBAHbl Ha U3SMEPEHUN 1 AanbHOCTU (ANS
BEPTMKaNbHOIO NPOQUINPOBaHINA), U OTpaxaTe/lbHOW CNOCOBHOCTU. [l pyrMM BaxHbIM
napaMeTpoM ABNAETCA paspeLleHne n3obpaxeHns, KOTopoe JOCTUraeTCs PaaMoI0KaToOPOM

C CMHTE3MPOBAHHON anepTypo.

P, - (2.24)

PagnonokaumnoHHas a/lbTUMETpPUA

OcHoBHas LeJib a/IbTUMETPUUN 3aK/TH0H4AETCA B UISBMEPEHNN YPOBHA MOPA N €ro KapTUpOoBaHUN

C LLe/1blo onpeaeneHuns ,D,MHaMMLIECKOVI Tonorpacbvm OKeaHa. XapaKTepl/ICTI/IKVI pagnonokatopa
ONTUMUSNPYIOTCA ANA U3SMEPEHNA Aa/IbHOCTU, HACKOJIbKO 3TO BO3MOXHO. ypOBeHb MopA
M3MEPAETCA NO BPEMEHN, KOTOPOE I'IOTp86OBa)'IOCb MMnynbCy pagnosokatopa An4 TOro,

4TOObI OOCTN4Yb NOBEPXHOCTUN MOPA U BO3BPATUTLCA Ha CNYTHUK. nOCKO)'Ibe YpPOB€Hb MOpPA
BbIYNCNAETCA KaK paCCTOAHME OT CNyTHUKaA, €ro MeCTono10XkKeHne A0JI)KHO 6bITb onpeaeneHo

C MaKCMMabHOW TOYHOCTbIO. BbICOKOTOYHas OLUEHKa NnapamMmeTpoB Op6l/ITbI OCyLUECTB/IAETCA NpU
noMoLimn O,CI,HOVI NN HECKOJIbKUX CUCTEM!

a) la3epHOro CiexeHus 3a CNYTHUKOM C MOMOLLbIO Ha3eMHOWM CTaHLMKN U Na3epHbIX
oTpakatoLMx 3epkan Ha CMyTHUKE;

b) paavomecToonpeaeneHus Ha OCHOBE CeTe Ha3eMHbIX CTaHLUMI Nepejadn U npuema
1 npuémonepeaarymka Ha 60pTy CNyTHYKa;

¢) npuemHuka [COM Ha 60pTy cnyTHUKA.

Hepoctatkom paamno/iokauMOHHOM a/ibTUMETPUN ABNSETCS HEOH6XOAMMOCTb OrPaHNYMBaTHCA
BM3MPOBAaHNEM TOIbKO B HAAMPE; MHAYe 3XO-CUTHa/bl OT OKpPYXKatoLmx obnactel 6yayT
nomMexamu BO BPeMeHHOM aHanu3se. [1o 3Tol npuynHe LnKI HabnogeHns ABNSETCA OYeHb
NPOAOMKUTENbHBIM. TpebyeTcs BbINOSIHEHME KOPPEKLUI CUTHaNa 419 yveTa: MIOHOChePHOro
BpaLLeHusa (415 3TOro Ncnosb3ytoTcs ABe YacTtoThl ~13,6 Iy (ocHoBHas) u ~5,3 Ty,
(BcnomoraTtenbHas)) U BOASHOMO napa (MCnob3yeTcs COHacTpoeHHbIn MKB-pagnometp

Ha KaHasne ~23 [Ty (ocHoBHOW) 1 Ha kaHanax ~35 n/unn ~19 My, (BcnoMoraTtesbHbIE)).
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Momnmo M3MEPEHNA Aa/IbHOCTU aIbTUMETP TakK>XXe PETMCTPUPYET U aHATN3UPYeET
ee q.)}'IyKTyaLI,VII/I N n3MepsaeT UHTEHCMBHOCTb 3XO-CUTHana. Takune Ha6)'|i0,£l,eHI/I$|
NO3BONMAOT NOJTYHYUTb!

a) 3HA4YNMYIO BbICOTY BOJIHbI: paCCHUTbIBAETCA Ha OCHOBE aHa/1M3a pa36poca BO BpEMEHU
ynaBINBAEMbIX 3XO-CUTHA/10B;

b) YpPOB€Hb MOPA: paCCHNTbIBAETCA Nocie CbVI)'IpraLI,VII/I Cbﬂ)/KTyaLI,VII\/'I, BbI3BaAHHbIX BO/THEHUNEM,
M Ccy4etom MFHOBEHHOW BbICOTbI CNyTHNKa OTHOCUTE/IbHO reounja,;

C) CKOPOCTb Be€Tpa: BbIBOAUTCA U3 aHa/1n3a CbHYKTyaLLMVI MHTEHCMBHOCTUN 3XO-CUTHA0B,

d) 6onee rnybokue 3HaHNA O reonje: Ha OCHOBE MHOTO/IETHUX CTaTUCTUHECKMX AaHHbIX
0 HabNoAaeMbIX YPOBHAX MOPS;

e) oblee cogepxaHune 3/1eKTPOHOB: BbIBOANTCA Kak MOOOYHbI MPOAYKT KOPPEKLUN
noHocepHOro BpaLLeHns.

PagnonokaumnoHHas ckaTTepoMeTpusn

OCHOBHbBIM NPYMEHEHNEM KOCMUYECKOM CKaTTEPOMETPUMN ABAAIOTCS U3MEPEeHNS BeTpa

y MOBEPXHOCTWN OKeaHa. B oTinymne ot pagmonokauMoHHOM anbTUMETPUM, KOTopas, rMaBHbIM
obpa3om, npecsieqyeT Le/bio U3MepeHne JanbHOCTU, paAnNoNoKaLMOHHasA ckaTTepomeTpus
ONTUMU3NPYET TOYHOCTb U3MEPEHHOIO PAaANOIOKALMOHHOTO Ce4YeHuns o (CM. ypaBHeHne 2.24),
KOTOpOe 4acTo 6biBaeT HOPMUPOBAHHBLIM U Ha3blBaeTcs ¢° (CurMa-Honb). Moacuctema ans
onpeaeneHna 4aqbHOCTU MOXET Jake OTCYyTCTBOBaTb B Npnbope, oaHaKo KaJIMbpoBKa A0/KHA
6bITb NpeebHO TOYHON.

PagnonokaumoHHOe ceyeHne eCcTb Cb)/HKLI,VIFI ONSNTEKTPUHECKUX CBOWCTB O6'beKTa, reoMeTpunm
BU3NPOBaHNA U NajaloLLEero n3ny4yeHumns (,El,)'IVIHa BOJIHbI, nonﬂpmau,vm). Yy CKaTTEPOMETPOB
OCHOBHOE€ NpuMeHeHne CBA3aHO C onpeaeneHnem I'Ipl/lB()Ll,HOFO BETpPa. MuwweHbto aBnAOTCA
KannuanAapHbli€ BOJ/IHbI, TECHO CBA3aHHbIE C BETPOBbLIM HaNnpAa>XeHnem. BenunuunHa ¢° nsmeHsertcs
CO CKOPOCTbKO BETPA, C OTHOCUTE/IbHBIM HanpaB/1€HNEM BETPaA U NINHUEN BU3NPOBaHUA. n}/TeM
n3IMepeHuns c° NPV HEKOTOPbIX a3MYTaJ/IbHbIX YI/1aX MOXXHO ONpeAe/INTb Kak CKOPOCTb, Tak

M HanpaB/1€EHUE.

B3anmocsssb Mexay c®un BETPOM HOCUT CNIOXHbIN XapakTep: npakTn4eckme peieHmnsa MoryT
ObITb SMNNPUYHECKUMU NN MTONYSMNNPUHECKNMMN. bonee TOro, HE CyLlLeCTByeT e,Cl,VIHCTBeHHOVI
B3aNMMOCBA3UN C TOYKW 3PEHNA HanpaBNeHUA: NPU ABYX yIrnaX BUSNPOBAHUA COXPaHAETCA pAaAa
HEO,CI,HO3HaLIHOCT€VI (I'Ipl/l Tpexyrnax — ux MeHbLIJe). Korga 3HavyeHus c° HanpAamMmyto ycBanBaroTCA
B MOAENTN HNCJZIEHHOIO NPOrHO3NpPOBaHNA NOroAbl, KOTOPas ONUCbIBaeT B3aVIMO,CI,€VICTBVIe Mexay
BOJIHAMU U aTMOCCbepOVI, peweHne HeO,D,HO3HaLIHOCTe[/'I 3aK/1lo4aeTca B Moaenn.

Pasnnyunsa mexay nsmepeHmamm setpa npu NnOMOLLM CKaTTePOMETPOB 1 NaCCUBHbIX
MKB-paanomeTpos MOXHO CyMMUPOBaTh ciefyowmm obpasoM: (i) naccMBHoe 30HANPOBaHMe
B MMKPOBO/IHOBOM AMana3oHe o6bl4HO AaeT MHMOPMaLLMIO TOSIbKO O CKOPOCTU BETPa;
MHpOopMaLunsa o HanpaBieHNN MOXET OblTb NOJTy4eHa TObKO B TOM CJly4ae, eC/IM HECKObKO
pagnoMeTpu4eckmnx kaHanos 060pyA0BaHbl BO3SMOXHOCTAMM MNOMHOM NOSpuU3aLmny;

(ii) nHpopmMaums oT ckaTTepoMeTPOB sABAAETCA B 0OLeM 6osiee nyyLuero kayecTsa, 0CO6eHHO
AN9 HU3KNX CKOPOCTeN BeTpa; ANs BbICOKUX ckopocTelt (6onee ~20 M/c) xopoLumii noTeHuman
MMeeT NacCMBHOE 30HAMPOBaHNE B MMKPOBOJIHOBOM nanasoHe.
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I'Ipe,u,Ha3HaL|eHHb|e, rnmaBHbIM o6pa30M, anaonpegesieHna napamMeTpoB I'IpVIB(),CI,HOFO BETpa,
CKaTTEPOMETPLI NO3BONMAOT NPOBOAUTb HECKOJ/IbKO BUAOB Ha6J'IIO,CI,eHVII7II

a) npuBOAHbBIN BETEP BO BCEX MOTOAHbIX ycn0BUAxX (B C-AnanasoHe) nam noyTm BO BCex
norofHbix ycnosusax (B K -amanasoxe);

b) npaBneHue Bo3ayxa Haj NOBEPXHOCTbIO MOPS (MyTeM NPUMEHEHNS reocTporyecKmx
OTHOLLIEHWNI K BETPOBbIM KapTam);

Q) BJTQXHOCTb MOYBbI B palioHax Co CKYAHOW pacTutenbHoCTblo (B C-amManasoHe, n vib
orpaHu4eHHo B K -AnanasoHe);

d) WHAEKC NMCTOBOWM NOBEPXHOCTU UK 06LL,as BMomacca ANs ryctoii pactuTebHOCTH (nec);
e) Tunabaa (BO3pacT, LLePOXOBATOCTb) Ha MOJISAPHbIX LWaNKax;

f)  BOAHbIN 3kBUBaNEHT cHera (Ans kotoporo K -AnanasoH npeanoYTuTesNieH).

Papunonokartopbl AN 06HapykeHUs 06/1akoB U 0CaKOB

Ecnun pagnonokaunoHHble anbTUMETPbl MpeAHa3Ha4€eHbl, B NePBYIO o4epeb, A/15 onpeaeneHuns
[anbHOCTU, @ paAMOJIOKaLMOHHbIE CKAaTTEPOMETPbl — PaAN0I0KALNOHHOrO Ce4eHuns, TO
pagnonokatopbl 06HapyxxeHns 061aKOB 1 0CaAKOB BbIMOMHAT U TO, 1 Apyroe. OnpeaeneHune
AaNbHOCTU HEO6XOAMMO A5 TOrO, YTO6bl N3MePUTb BePTUKabHbIM MPodub YacTul, 061aKkos,
B TO BPeMs Kak o TpebyeTcs A5 NOoAy4YeHUs KOHLEeHTpaLMn 1 pasMepa oTpaxatoLmx 4acTuy,.
OpHako npu nonyyeHnm npodunsa ocagkos TpeboBaHMe K TOYHOCTM onpeae/ieHns AalbHOCTU
coctasnset nopagka 100 M, a He 1 cM Kak Ansa anbTUMETPUN.

[nsa poxaeBblx Kanenb, NpuU yCI0BUUY, 4TO Ux anameTp D meHbLue /10 (1. e. B yC10BUAX
pP3/1€eBCKOro paccesiHns), paAnon0oKaLNOHHOE CeYeHne MOXHO NpeacTaBUTb B BUAE:

7 2 16

o=—-K"-D”, rae K — AnanekTpuyeckas noctosHHas (2.25)

A
lNMonHoe o6paTHOE paccessHHOe U3yYeHne, 3aperncTpMpPoOBaHHOE PaAnN0a0KaTOPOM,
npeacrasaseT cobol Ccymmy BCex oTpakatenei Bcex guameTpos B IFOV. MNpeanonaras
pacnpeaeneHve Mapwanna-lfansmepa (N, - ¢P) Ana AnameTpos 4acTul, NosiHas
OTPaXxaeMOCTb MOXeT ObITb BblpaxeHa:

D,

max

5
zZ =%- I K2-N0~e_AD~D6-dD (cnpaBepnmBo anad D<A ) (2.26)
0

YpaBHeHus 2.25 1 2.26 B 061L4,eM OTHOCATCS K Ha3€MHbIM METEOPOJIOTNYECKNM
paguonokatopam, KOTopble ncnonb3ytoT S-nonocy (~10 cm) nam C-nonocy (~5 cm). 3Tn

noJsiockl cpasHMBatoT ¢ D-nonocoii ~ 0,5 cm, koTopas ABnseTCa xapakTepHOW Ana 061akoB.,
AaloLWwmx ocagkmn. ITU 4acTOTbl HE UCMO/b3YOTCA A8 HabnoAeHUI U3 KOCMOCa, NOCKO/IbKY
cooTseTcTBytoLLee IFOV Ha 3emnie C aHTEHHOI pasyMHOro pasmepa ABAseTCs C/INLLKOM rpy6biM.
B coOoTBETCTBMM C pernaMeHTHbIMU JOKYyMEHTamMu, PEryiMpyowmnmMm 4actoThl, K HacToTaMm,
KOTOpble MOTYT MCNO/b30BaTbCA pagnonokatopamm us kocmoca, otHocatca: ~14 My, (~2 cm),
~35TTy (~0,9 cM) n ~94 'y, (~0,3 cm). NosTomy ypaBHeHuns 2.25 n 2.26 He MOTyT 6bITb
NPUMeHeHbI LLe/IMKOM B JaHHOM CJly4ae 1 JO/MKHbI KOPPEKTUPOBATLCA OCTATOMHO C/IOXKHbIM
o6pa3om A1 y4eTa yCnoBuin paccesHmsa Mu.

Ecnn oTpaxkaemMoCTb Z NoJsiyvyeHa U3MEPEHUSIMM, TO CyLLLECTBYET HECKO/IbKO CMNOCOBOB As
nepesofa Z B MIHTEHCUBHOCTb 0CaZikoB R. Bo-nepBbix, HEO6XOAMMO BbIYUC/IUTL UHTEHCUBHOCTb
0Ca/ZlkoB Ha NOBepXHOCTU. OHa He MOXeT 6bITb M3MepPEHa U3 KOCMOCA HanpsiMyt, HO BMECTO
3TOrO A0J1)KHa GbITb NMOJTyYeHa U3 U3MEPEHHbIX CBOMCTB B BEPTUKAIbHOM CTON6€E, CBA3aHHbIX
cnpoduiem ocagkos.
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Pagmnonokatop o6HapyxeHns 06/1akoB U 0CaAKOB — 3TO €AMHCTBEHHbIN METO/,, KOTOPbIN
MOXeT 06ecnevynTb N3MepPEeHNs HMXKHEN rpaHuLLbl 061a4HOCTM, BaXXHOrO NapaMeTpa AN
aBMaLMOHHOW METEOPOIOTNM U N3yHeHUS KInmaTta. TOYHOCTb U HaAeXHOCTb U3IMEPEHUN
3aBMCUT OT YaCTOTbl PpaAunosioKkaTopa; PaanosiokaTop AO/XKEH MPOHUKHYTb Yepes BCIO TOLLY
obnaka. C onepaTMBHOM TOYKWN 3pEHNS paamosiokatop o6HapyeHns 061akoB U OCaKOB UMeeT
HEeCKOJ/IbKO He0CTaTKOB, B HaCTHOCTU, OFPaHMY€eHHYI0 Noa0Cy 0630pa, YTO He NO3BONSET UMETb
yacTble unkabl HabntogeHnsa. CnegoBaTeslbHO, XOTS NOAyYeHUe n306pakeHN i NacCUBHbBIM
30HANPOBaHMEM B MUKPOBO/IHOBOM AMana3oHe No-nNpeXHeMy 0CTaeTCcs OCHOBHbIM METOA0M
perynapHbix HabioaeHni 3a ocagkamm, TOYHOCTb JaHHbIXx 06 ocagkax, Noy4eHHbIX MaCCUBHOM
MKB-pagnomeTtpueli, 4o cnx nop TpebyeT yny4weHus. g «kanmbpoBKm» CUCTEMbI MACCUBHbIX
MKB-pagnomeTpoB He06x0ANMO, 4TOObI B KOCMUYECKOM NPOCTPAHCTBE MOCTOSAHHO HAaX04M/ICSA,
no kparHeln Mmepe, OAMH paAnoaoKaTop, B COOTBETCTBUN C OCHOBHbIMUY TpeboBaHMAMM
nporpamMMbl M3MepeHns rnobasibHbix OCaAKOB.

PaAMOHOKaTOp C CVIHTe3VIpOBaHHOﬁ anepTypoil’l AHTEHHbI

B MKB-anana3oHe npocTpaHCTBEHHOE pa3peLleHne orpaHuymBaeTtcsa andpakumnein. ns yrna
paguonokatopa 60koBoro o63opa #° He B Hagupe Ha opbutanbHOM BbicoTe H, C AnaMeTpom
aHTeHHbI L, 1 B npeAnonoxeHnn nnockon nosepxHoctu, IFOV 3anncoiBaeTcs Kak:

FOV =124 ¢ (2.27)

cos 0-L-v

B Tabnunue 2.10 npeactaBneHa 3asncumoctb IFOV n L ans pagnosnokatopa B HECKOIbKMNX
AnanasoHax B npeanosioxeHunu, 4to 0=23° n H=700 km (napameTpbl PCA Ha 60pTy cnyTHMKa
SeaSat, pucyHok 2.21). 13 pucyHka BuagHo, 4to notpebHoctn B IFOV =1 km 6yaeT o4eHb TpyAHO
obecneynTb, a notpebHoctn B IFOV =100 M nnn Huxe 6yaeT HEBO3MOXHO o6ecneymnTb B paMmKax
KOHLLEMLNM aHTEHHbI C peasibHOM anepTypoii.

CornacHo koHuenuum PCA (pucyHok 2.21), aHTeHHa BbITAHYTa BAO/Ib HAaNpaB/eHUA ABUXEHNS
cnyTHuka. Ee y3kne pasmepbl onpegensior nonocy o63opa, napananenbHyo noACcnyTHUKOBOM
Tpacce. bonee anvnHHasa cTopoHa onpegenseT 061acTb, rAe aHaNU3NPYIOTCA CUrHansl. HecmoTps
Ha TO, YTO KOHTYP AMarpamMMbl HarnpaseHHOCTN aHTEHHbI PaZMoiokaTopa COOTBETCTBYeT
KOHTYpY AMarpamMmmbl HaNPaBAeHHOCTW aHTEHHbI C peasibHOM anepTypou, CUTyaLns MeHseTCs
AN 21eMEHTOB pa3peLleHuns B yCI10BUAX 3KkCnayaTaumnn (nukcenmn). Nukcenn nonepek noaocs
3axBaTa HaxoA4ATCS Ha Pa3HOM PacCTOAHUM OT cnyTHUKA. CNyTHUK MOXEeT AeNlaTb UX MPUBA3KY
K MeCcTHOCTM 6narogaps cBoel CNOCO6HOCTU pa3nnyvatb He6O/bLLME N3MEHEHNS B PACCTOAHUMN.
DX0-CUrHanbl OT NMKCeNen, pacnonoXeHHbIX Nepe nonepeyvHolr NoACNy THUKOBOWM NMHUEN,
NCNbITLIBAIOT BO34EMCTBUE NOJIOXKNTEIbHOTO A0MNIEPOBCKOro cABura (4actoTa BblLLe,

4yem nepefaHHas 4acToTa); 3X0-CMrHasbl OT NUKCeNen c3aamn 3ToM TIMHUM UCTbITbIBAIOT
oTpuLLaTe/bHbIN 4ON1epPOBCKUI caBUT. [yTem ukcaLmMm MOMeHTa MHBEPCUU CABUTa
obecneynBaeTcsa BO3MOXHOCTb /151 MPUBA3KN NUKCeNel K MECTHOCTU BAO/b HanpaB/ieHus
ABUXEHUS CNyTHUKA.

PCA MoXeT cnonb30BaTbCs B Pa3nNYHbIX pabounx pexmnmax B 3aBMCMMOCTU OT BbIGPaHHOTO
coyeTaHuMs paspeLleHns 1 Noaockl 0630pa, a Takxe KOMOMHaLMK nepegaHHON U NOJy4YEeHHOM
nonapusauunii. OanH paboynin pexxum npegHasHa4yeH 4715 BOJIHOBbIX cnekTpos. He6onbluas

Ta6nuua 2.10. Mpumepbl COOTBETCTBYIOLLUX Pa3speLleHniA M pa3MepPOoB aHTEHHbI A5
TUMUYHBIX YacTOT, UCMoJib3yeMbix B PCA

L-0uanasoH C-OuanasoH X-Ouana3soH
(~1,3Ty) (~5,4 ITu) (~9,6 I'y)
IFOVponaL=1wm 220 km 60 kM 30 kM
Tpebyembiti L gna IFOV =1 km 220 m 52m 30m
Tpebyemebiti L gnsa IFOV =100 m 2200m 520m 300 m

Tpebyembiti L pnsa IFOV=10m 22000 m 5200m 3000 m
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CnyTHukoBas
7450 m/c Tpacca

6° KOHYyC
(1° nonepeyHbIi KOHYC) CnyTHUKOBas Ha3emMHas . C

Tpacca, Baosb Tpacchl (AT) R=
W a3UMYTaNbHOTO
Hanpas/ieHns

800 km

DneMeHT paspelueHus

Yron
CKOJIbXXEHUS

Hanpasnexue
nonepek Tpacchbl (R)

HanpaBA€HHOCTN
aHTeHHbI paagnosiokaTopa

100 km
lMonoca 3axsata (Wq)

PucyHnok 2.21. NMpuHuun gencremsa PCA

4yacTb n3o6paxeHns (BMHbeTKa) BbibMpaeTcs Yepes onpeaesieHHble MHTepBanbl (418 cnyTHUKA
Envisat, Kk npymepy, BUHbeTKa COCTaB/IAeT 5 KM X 5 KM C Hany4Lw MM NPOCTPaHCTBEHHbIM
paspewenmem 30 M kaxxable 100 KM BAOb TPACChI). DXO-CUTHAJIbI B BUHbETKE aHa/IN3MpPYoTCs
C LLe/1bl0 MOCTPOEHMS SHEPTreTUYEeCKNX CNEKTPOB, N3 KOTOPbIX MOXHO ONpeaennTb
npeobnaparollee HanpasaeHUe pacnpPoOCTPaHeHNS BOHbI, NpeobaaaaoLyo ANHY
BOJ/IHbI/NEPNOA BOJIHbI U SHEPTUIO, CBSI3aHHYIO CO 3HAYMMOI BbICOTOM BOJIHBI.

MNMepeyeHb npuMeHeHuin PCA BenK, XOTS He BCe AMana3oHbl MOAXOANAT 415 BCeEX MPUMEHEHUN:
a) 0COBEeHHOCTU LMPKYIAaLMN okeaHa (BUXPW) U BOJIHbI (MpenmyLLLecTBeHHO L-anana3oHn);
b) 3arps3HeHue okeaHa 1 pa3nuBbl HedbT (NpenmyLLecTBeHHO C-AnanasoH);

C) MOPCKOW Nef0BbIi NOKPOB M TN nbaa (Bo3pacTt) (nobol gnanasoH);

d) ™MaTepuKoBbIV Ne0BbIl NOKPOB (NeaHuKkM) (6o Anana3oH);

e) yCNnoBUA TadsHUA CHEra 1 BO,EI,HbII7I SKBUBAJIEHT CHEra (I'IpeI/IM}/LLI,eCTBeHHO x-,CI,I/IaI'Ia3OH);

f)  BNaXHOCTb B MOBEPXHOCTHOM CJ/10€ NOYBbI (MPENMYLLLECTBEHHO L-Anana3oH, ocobeHHo AN
30Hbl KOPHEW);

g) Tun pactutenbHoctu (NnpenmyectseHHo C-gnana3oH) n obwas buomacca
(npeumyLecTBeHHO P-gManasoH);

h) 3emnenonb3osaHue n ypbaHusauma (NpemmylectBeHHo C-gnanasoH);

i)  obGHapy>XeHWe reonorm4ecknx CTPyKTyp (MpenmyLLecTBeHHo X-AnanasoH);
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j)  MOHUTOPUHI CTUXMIAHBbIX 6€ACTBUI N MHBEHTapu3aLuus yuepba (npemMyLLeCTBEHHO
X-AnanasoH);

k)  KOHTpOAb 3a ABUXEHWEM CYA0B U BOEHHOEe HabntoaeHre (NPpenMyLLLeCTBEHHO X-AnanasoH).

[pyrvne BaxxHble NPUMEHEHNA MOTryT 6bITb peasin3oBaHbl NPU NCNONb30BaHNN
nHTepdepomeTpumn 6narogaps Tomy, 4To KOHTPOb pasbl curHana PCA sBnseTCcs 04eHb TOYHbIM.
CurHasnbl € pasHbix OpOUT OJHOIO U TOTO Xe CMYTHUKA WX Pa3INYHbIX CNYTHUKOB MOTYT ObITb
3apernMcTpupoBaHbl O4HOBPEMEHHO C BbICOKOI TOYHOCTbIO, YTO MO3BOJISIET peasnn3oBaTb
nHTepdepomMeTpuio. DTOT METO AaeT BO3MOXHOCTb, HanpuMep, noayyaTtb Tonorpagumio
NOBEPXHOCTU CYLUUN /151 YCOBEPLLUEHCTBOBAHHbIX LMPOBLIX MoAenei penbeda 1 n3mMepsaTb
BbICOTY alic6epros.

Mcnonb3ysa nHtepgepomMeTputo Mexay npoxoaaMun OHOFO U TOTO e CNyTHUKa

C NepPUOANYHOCTbIO MOBTOPEHUS OPOUTBI, MOXHO U3MEPSATb Takne U3MeHeHUs Kak apend
ancbepros, konebaHMs NeJHUKOBOrO NOKPOBA U NJIOLLAAM 03eP, U3MEHEHUS B BY/IKAHNYECKOM
NnoBepxHOCTHON Tonorpacumn n 6paamcencmol, 6eperosyto spo3nto 1 ypbaHusauuio.

2.2.53 Jludap

Jlnpap (cBeToBOE OGHApPYXEHME N U3MePeHMe AanbHOCTM) obecneymBaeT BO3MOXHOCTb
NpoBeAeHNs TOYHbIX N3MEPEHUI BbICOKOTO pa3peLleHns B OTHOLIEHNN LEeoro psaaa SsBJAeHnn.
Bnaropgaps goctmxeHmam B 061actv 1a3epos, ONTUKU 1 reofe3nun, TeXHoNornusa nngapa

6bICTPO pa3BmBaeTca. 3a nocnegHee Bpems EBponenckoe kocmumyeckoe areHTcTBO (EKA)

1 HaunoHanbHoe ynpas/ieHne Mo a3poOHaBTUKe U UCCNeA0BAHNIO KOCMUYECKOro NPOCTPaHCTBa
(HACA) npowusBsenu 3anyck CnyTHUKOB AN U3yHeHnsa aTMocepbl, IKOCUCTEM U KPUOCPePHbIX
HayK. XOTS B MPUHLMNE Inaap MOXHO 6b1710 6bl MPUMEHATb A5 CKAHUPOBAHMS MECTHOCTU

C LeJ1blo NoJly4eHns n3o06paxxeHnin, 4O CUX NOP InJapHble CUCTEMbI B KOCMOCE UCMO0b30BaINCh
TO/IbKO B HAAMPHOW OpUeHTaLnu, nau, no KpamHen mepe, 6bi1M MOHOHaNPaBAEHHbIMU.
MpuHUMN AeiCTBMA NMAapa NoXoX Ha NPUHLUMM AENCTBUSA pagmoniokaTopa, 3a UCK/IIoYeHNeM
TOrO, YTO 3/IeKTPOMArHUTHbIN AnanasoH APYyron: Ana pagmonokaTopa Ucnosb3yeTcs
MKB-guana3oH, Ans nnaapa — KOPOTKOBOJ/IHOBbIN. BONbLWNHCTBO AMAAPOB NCMNOBL3YIOT AJINHBI
BOJIH B Y®- (HanpuMmep, 355 Hm), BUA- (Hanpumep, 532 Hm), ANK- (Hanpumep, 1 064 HM) nnn
KBUK- (Hanpumep, 1 550 HM) AnanasoHax; HO MOryT UCNOb30BaTb U 60/1ee ANNHHbIE AJINHbI
BOJIH (Hanpuwmep, 10,6 Mkm). VIcTOYHMKOM ABnseTca nasep (ycuiaeHue CBeTa B pe3ynbraTte
BbIHY>XAEHHOTO 13/1ydeHns). OH ABASETCA CUIbHO HanpaBieHHbIM, O4HaKo 6onbLuoe
paccTtosiHve OT CNyTHMKa A0 3eM/1 03Ha4aeT, 4TO 60/bLLOV 06beM 3NeKTPUYECKOM SHEPTrUn Obin
6bl Npo6a1emMoli, a npMeM cMrHaaa obpaTHOro paccessHusa Tpebosas 6bl UCNosib3oBaHMAa 6onee
moLHoro Teneckona. CyLLecTByOT TexHu4eckme npobaemsl, TakmMe Kak yxyflleHne COCTOAHNUS
ONTUYECKON CUCTEMbI U3-3a OCBELLEeHNS Na3epoM. Takum o6pasoM, NCNoJIb30BaHMe nuaapa

B KOCMOCe TpebyeT 3HaunTeIbHO 60/1bLUNX PECYPCOB MO CPABHEHUIO C MACCUBHBIMU CUCTEMAMMN.
Cnepytouime cyuecTeyoLLMe NPUMEHEHNSA B KOCMOCE OCHOBaHbI Ha MCMOAb30BaHUM Ingapa:

a) nmpap obpaTHOro paccesHUa Ans nNonayyeHus npodunsa aaposoneit 1 o61akos;
b) ponneposckuii nuaap Ans nonyyenusa npodunsa Betpa B 6e3obnayHoli atmocdepe;

C) J'Il/I,Cl,aprII\/'I anbTUMeETP, I'Ipeﬂ,Ha3Ha‘-IeHHbll\7I cneuunasibHO Aid onpeaesieHnA BbiCOThl
MOPCKOTo Jib4a, MaT€PUKOBOTO Jiba U BbICOTbl PaCTUTE/IbHOCTH;

d) nupap anddepeHumnanbHoro nornowexus (JIAM) ana 3apaq atMmocepHoOM XumMnuy;

e) ,Cl,OI'IerpOBCKVIVI nnMgap Ana n3MepeHunsa BeTpa.

Nupap ans asposoneit n 0651akoB

JNlnpap o6patHOro paccesHus, rnaBHbIM 06pa3oM, NpeaHa3Ha4yeH A1 HabnoaeHus
3a a3po3015Mu 1 obnakamu. ITo 03Ha4YaeT UCMNOb30BaHWeE A/IMH BOJIH, CONMOCTaBUMBbIX
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C pasMepom Hebonblmnx asposonei (~1 mkm). g Toro, 4To6bl ONpeaennTb 60/blle CBONCTB
asposonei/obnakoB (pasmep, hasa, KOIDDULMEHT IKCTUHKLLUN /paccessHns U cam Tun), 6bian
pa3paboTaHbl pa3iMyHble KOHUENUUN. ALanTUBHbIA Tnaap o6paTHOro paccestHns umeeT
CcaMyto NPOCTYto KOHCTPYKLUMIO. OH U3MepsieT Npodub 3aTyxatoLero o6paTHOro paccesHus,
KOTOpOe Ha Nto60oi BbiCOTe SBASIETCA NPOAYKTOM 06paTHOro paccesHus (Kak p3/1eeBCcKoro, Tak
N paccesHus Mu), yMHOXEHHOTO Ha 3aTyxaHue BbllLeniexallel atmocgepbl (Hanpumep, n3-3a
paccesiHMA 1 NOMNOLLEHMA BbllLenexallx 061a4HbIX/a3p030/bHbIX C10€B). 14 nonyyeHus
06paTHOro paccesiHUst a3po30/eii/061akoB 1, HTO BaXKHO, SKCTUHKL MU a3p0o30/eii/o61akos,
KOTOpas 4acTo ABNSAETCA MHTepPeCyoLM reor3nyecknm napaMeTpom, Heo6xoaMMOo
NPUMEHSATb OTAE/IbHOE OrpaHnyeHne/npeanonoxeHne. Hekotopble aganTuUBHbIE AP
06paTHOro paccessHMsA UCMOJIb3yLOT ABe AJIMHbI BOHBI (532 1 1064 HM) Ans pa3nnyeHns
aspo3onei 1 obnakos. KpoMe Toro, ons pasnmyeHmnsa chepmnyecknx n Hechepmnyecknx
paccenBateneli MOryT 6biTb pa3paboTaHbl NPUGOPLI C NONAPU3ALUOHHON YYBCTBUTENBHOCTbIO,
4TO NO3BONSET onpeaennTb a3y pa3BuTrus obnakos (nea Uav Boga) U NpeaocTaBUTb
nHopMaLmio 0 TUNe a3po30s (Hanpumep, OTJINYNUTD Nbllb OT ChepUIecKmnx adpo3onen).
Kak oTMeyYaeTcs HUXe B pa3zese no anbTUMETPUN, albTUMETPbI Takxke MOTyT NPeAoCTaBATb
nHdopMaumio o npodune asposonein n 061akoB, aHaJIOTUYHYIO MO CBOEN Npupoae
nHdopMaumm, npeaocTaBAseMol aJanTUBHbIM TNAAPOM 06PaTHOro paccesHus.

bonee pabounm BapmaHToOM ngapa o6paTHOro paccesaHUs ABAgeTCa AMaap C BbICOKUM
cnekTpanbHbiM paspelueHmeM (J/IBCP), B KOTOPOM MCNOb3yeTca OA4HOYACTOTHBIN la3epHbIN
nepefaTtymk n pasrpaHn4eHune rno AJnHe BOJIHbI B NPUEMHUKE AN pa3je/ieHNs KOMMOHEHTOB
pacceaHua Mu v paneesckoro paccesaHusa. Metog JIBCP no3sonseT BbINO/HUTb OAHO3HAaYHble
M He3aBMCUMble U3MepPeHMsa 06pPaTHOro paccesaHUs N SKCTUHKLIMM a3p030/15 6e3 BHELUHUX
OorpaHn4yeHnn v NPeanosoXeHNN, KOTOPble MOTYT NPUBECTU K HETOYHOCTAM B CTaHAAPTHbIX
pesynbratax nMaapa o6patHoro paccesHus. JIBCP Takxke npenoctaBnstoT 60nblue nHopMaumum
(ko3P PULMEHT IKCTUHKLLMM/OBPATHOrO paccesHUA YacTuUL,) 415 orpaHMyYeHns pakTopos,
B/INSAIOLLIMX HA 3aK/II0YEHME O TUMe a3po30/. lonneposBckue nuaapbl 419 U3MepeHus
napamMeTpoB BeTpa, UMeoLLME HaZlexalllyto KOH(pUrypaLnio 1 OCHOBaHHbIe Ha MeToAe
HeKorepeHTHOro o6Hapy>eHunsa, MOryT Takxke o6ecneymnsatb nsmepernuns JIBCP B gononHeHne
K U3MEepEeHUAaM BETpPa.

JInpapbl o6paTHOro paccesHus, Kak Npasnno, NpeacTaBasatoT cobor npubopel cpeaHero

n 60bLIOro pasmepa (Hanpumep, ¢ AnameTpom Teneckona ot 0,6 4o 1 M). MOXeT nmeTb
aneptypy ~1 m). KOHTypbl OANHOYHbIX ANarpamMm HanpaB/eHHOCTU J1Ta3€PHOrO U3y4YeHUs
COCTaB/IAOT HECKO/IbKO AECATKOB METPOB B ANAMeTpe, a BbiIbOpKa Mo BepTUKaibHOMY
paspeLlueHunio BapbnpoBanoch B AnanasoHe oT 30 M 40 HECKO/IbKUX COTeH MeTpoB. [ns
HEKOTOPbIX NPUJIOXeHUN (HanpuMep, 418 U3YHeHMUS CUIbHO paccemBatoLLLnx 061aKoB)
WCMOJIb3yOTCA OAMHOYHbIE M3MEPEHNS NOHOIO paspeleHns. Jns cnabbix xapakTePUCTUK
NN BbIBOPKM AaHHbIX, TpebytoLlmnx 60/iee BbICOKOro OTHOLLEHUS CUTHA-LIYM, NCNOb3yeTCs
yCpeAHeHVe AaHHbIX MO BEPTUKAIN N MO MHOXECTBEHHbBIM Jla3ePHbIM CHMMKaM (TO eCTb

Mo ropu3oHTanmn).

MpeaHa3HayveHHbIN rNaBHbIM 06pa3oM A5 onpeaeneHns asposoneit (4To ABASETCA OYEHb
TPYAHOW 3afa4eit), nnaap o6paTHOro paccesiHnsi NO3BOSET BbIMOHATb HabntoAeHUS
pa3nnyHbIX NapaMeTPOB, BK/OYas:

a)  BepTUKaNbHbIV NPoduIbL 06paTHOro paccesaHms, IKCTUHKLUKN 1 Aenonapusanim
as3p030/15, N0 KOTOPOMY MOXHO ONpeAenUTb BLICOTY C/1051 a3Pp0301 (BK/1t04as BbICOTY
MNNC, onpeaensemyio No rpagneHTam o6paTHOro paccesHns aspo3o/is), ONTUHECKYo
NJIOTHOCTb @3P030/151 1, B 3aBUCUMOCTIN OT BO3MOXHOCTEWN CUCTEMBI, TUM a3P030/4
N COOTHOLLEHME 3KCTUHKLMUM K 06paTHOMY paccesHuto (Tonbko JIBCP);

b) BblCOTY BepxHeli rpaHULbl 061aK0B € ropa3ao 60/blueit TOYHOCTbIO, YeM NacCKBHbIe
mMeToAbl 30HAMpoBaHus B BUK- n VIK-gnanasoHax;

C)  ONTMYECKYIO TONLMHY TOHKNX 061aKOoB (MEPUCTBIX) U HUXXHIOK rpaHnLy o6/1akoB
B NOynpo3payHbix obiakax;
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d) cba3y pa3BnTua obnakos (I'Ipl/l HYBCTBUTEJIbHOCTU K I'IO}'IﬂpVIBaLI,VII/I) n, 4N NJIOTHbIX
BOAAHbIX O6J'IaKOB, OrpaHn4YeHunsa B OTHOLLEHUN 3qu)eKTVIBHOFO pagonyca obnayHbIX Kanesb
M UX KOJINYECTBEHHOMN KOHUEHTpaLnu;

€)  aHaNorMyHble CBOMCTBA NONAPHbIX CTpaToCepHbIX 061aKOB.

[aHHble nnaapa obpaTHOro paccesHms Takxke NCNOJb30BaNNCh A5 OLLEeHKN CBOMCTB OKeaHa,
BKJ1l0Yas LLEePOXOBATOCTb MOPCKOWM NOBEPXHOCTU, CKOPOCTb MPMBOAHOIO BeTpa U o6paTHoe
paccesHme YacTuL, Y MOBEPXHOCTH, a Takxke B3BELLEHHbI OpraHnyeckuii yrnepoa n bnomaccy
pmTonNaHkTOHa.

JonnepoBckuin nnpap

[onnepoBckuii nnaap npeaHasHadveH, maBHbIM 06pa3om, An9 HabnoaeHns npodunert BeTpa —
OCHOBHOW NepeMeHHOW A1 MeTEOPOI0rMYeCcKoro NnporHo3a. JJonneposckuii InaapHsbii
npu6op pas3BepHyT B pamkax Muccum no nsyyeHumio AnHamukm atmocgepsl —on (MAA-Don).

CoBpeMeHHble onepaTUBHbIE METOAbI, AOCTYMHble 415 HabNOAEHWI 3a NpodunemM BeTpa,
3aK/1104at0TCA B OTC/IEXMBaHUM ABUXKEHMA oblaka v HEOAHOPOAHOCTEN BOASAHOMO

napa Ha nocnefoBaTe/ibHbIX M306paxeHMAaX C reoCTaLMOHaPHbIX CMYTHUKOB, UK

C NONIAPHO-0POUTANBHBIX CNYTHNUKOB B MOASPHbIX PaioHax, Haj KOTOPbIMU HacTo NPOXOANUT
CNYTHWUK. DTO OrpaHMYNBaET BO3MOXHOCTW NPOBEAEHUSA N3MEPEHUI TOIbKO Ha TeX BblCOTaXx,
Ha KOTOPbIX HaxoAATCsA Tpaccepbl (06bIYHO OAMH, MHOTAA ABa cios). C nosBaeHnem
runepcnekTpanbHoro NK-3oHaMpoBaHUA Ha reoctaunoHapHon opbute (FCO) ctano
BO3MOXHbIM MOyYaTb YacTble Nponan BOAAHOrO Napa, a AMHaMMKY BOASIHOIO napa MOXHO
OTCNEeXMBATb Ha HECKO/IbKMX BblcoTax. OHaKo NpU 3TOM BepTHKaibHOE pa3peLleHmne

M TOYHOCTb, Kak nonaratoT, 6yAyT OrpaHUYeHbl.

CnexeHue 3a cBOMCTBaMU aTMOCepbl (HanprMep, 06/1akOB M BOASHOTO Napa) seigeTcs
NPOBePEHHbIM METOAOM OLLeHKM BETPOB. [JlonnepoBCckuii nnaap No3BosseT No3Bonser
NPon3BOANTb 3MepeHMS BeTPOB B 6e3061a4HOM aTMocdhepe, Npu 3TOM C/IexXeHne BeeTcs
3a a3po3015aMuM 1 Monekynamm O4eBUAHO, 4TO AONNEPOBCKMI NMaap obecneymBaeT 6onee
NPAMYIO OLLeHKY Mons BeTpa

BetpoBoi nuaap 6611 peanvsosaH B pamkax Muccun MAA-2on EKA (Kéllén 2008). OcHOBHbIM
HeJO0CTaTKOM /IMAapoB, ONpeaensaoLmMx NnapameTpbl BeTpa, ABnseTcs oxsaT. [1oCckosibKy

B HacTosLLLee BpeMsa 0ANH NpMbop NOKPbLIBAET TOJIbKO JIMHUIO, Napasie/ibHyto NOACNYTHUKOBOM
Tpacce, noTpebyeTcs rpynnupoBka CNYTHUKOB 415 ob6ecneveHns 60Jiee LUIMPOKOro
NPOCTPAHCTBEHHOIO Y BPEMEHHOIO MOKPbITUS.

[ pyrov TpyAHOCTbIO ANS NMAapa, onpeAensiowero napaMmeTpbl BeTpa, ABAsSeTcs To, 4TOo
n3MepeHne MOXeT BECTUCb TO/IbKO MO INHUW BU3MPOBaHUA (O4HOMEPHOE). DTO 03HAYaeT, YTo
AN9 BOCCTaHOB/IeHUA TpebyeMoli AByMePHOIN ropmn30HTa/IbHOM cocTaBastoLLLeln TpebyeTcs
YyCBOEHMWeE B MOZE/IN YAC/IEHHOrO MPOrHO3a NoroAbl.

ﬂ,OI'U'IepOBCKI/Il‘/’I nnpgap npegHasHa4d€eH, raBHbIM o6pa30M, Ona onpegeneHnsa napamMeTpos
BETpPa, 4TO ABJ/IAETCA O4€Hb prﬂ,HOVI 3a,qaqel7|. OH no3Bonsier npoBOAUTb HECKOJ/IbKO BUAOB
M3MEPEHNA, BK/1KO4YaA I'IpOdJVI}'Ib BETpa B 6e306/1a4HOM aTMOC(.bepe NN B MPUCYTCTBUUN TOHKUX
nepucTbix 06}'IaKOB, I'Ipoq.)l/l}'lb aspo30/4 (I'IO NMHTEHCNBHOCTU 3xo-cmrHana) N BbICOTY BerHeI7I
rpaHunubl ob6naKkoB.

JNnpapHbiii anbTUMeETP

PagnonokaunoHHbIe anbTUMETPbl MOryT obecrneqymBaTb U3MEPEHUS C TOYHOCTbIO 40 HECKObKUX
caHTuMeTpoB. OHaKO, Ha BbiCOTax Bbille 20 KM, X TOPU3OHTa/IbHOE pa3peLleHune ABaseTcs
[0CTaTO4YHO HU3KMM. Peanunsaums texHonornm PCA c o6paboTkoi cMrHana BAOAb TPacchl
no3BonseT 4oBecTn paspeweHune 1o ~300 M, 4TO BCe-Taku eLle HeJO0CTaTOYHO A1 TOYHOro
onpeaeneHus rpaHul. Jpyrum HegoCTaTKOM MAaPHbIX aNnbTUMETPOB SBASETCA UX
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HENPUroAHOCTb A1 HaBNAEHMS 3@ MOBEPXHOCTSIMU C BbICOKOM M3/1y4aTe/IbHON CMOCOBHOCTbIO
(n, cnepoBaTenbHO, HU3KOM OTpaXkaTesibHOM cnocobHocTbio) B MKB-Agnana3oHe, Taknx Kak
HabnoaeHns 3a CyLlen 1 1bA0M.

Y nupapoB Taknx npo6aem He cyliecTByeT. [OpM30OHTaNbHOE paspeLleHne MoXeT

COCTaB/ATb HECKO/IbKO AECATKOB METPOB, a BepTUKasbHOe pa3pelueHne meHee 10 cm. Takoe
BbICOKOE pa3peLlleHmne JaeT BO3MOXHOCTb ONpeAensTb rpaHuLy Mexay MOPCKOl BOAOW

M NONAPHBIM NbAO0M U (NOC/Ie Noc/eA0BaTe/IbHbIX MPOXOA0B CMYTHMKA) BbIMOAHATb BbICOTHOE
npodguaMpoBaHune BAO/b TPACChl A1 COCTaB/IEHNS KapT TONLWMHbI bAa.

[ns Toro, 4To6bl 06€CcneYnTb PYHKLUMOHNPOBAHME HA MOPEM, faXke HECMOTPS Ha HU3KYIO
oTpaxaTenbHyto cnocobHocTb B BBVIK-gnanasoHe, inaapHbii ansTUMeETp A0/IKEH NMETb
6onbLon Teneckon (aneptypa ~1 m). [lnsa nosbileHnsa peHTabeibHOCTM 06bI4YHO A06aBASAIOT
AaTyunK, UCNONb3YIOLLMIA BTOPYIO AMHY BOHbI 415 HabntoAaeHMs 3a aTMocdepoit (Hanpumep,
1 064 HM ansa noBepxHOCTU 1 532 UM Ang aTMocdepsl). B 3Tom cnyyae nupaapHbiil anbTUMETP
(pyHKUNOHUPYET Kak 06bIYHbIV Tnaap 06paTHOro paccesHUs.

Kak n no6oi gpyrov anbTMMeTp, AnAapHbI anbTuMeTp TpebyeT NCKAI0YUTEIbHO TOYHOTO
onpeaeneHns opbuTtbl, NOCKONbKY 6a30BOe M3MepeHMe AabHOCTN NO3BONSET NONYYNUTb
paccTosHue A0 06bekTa OT CNyTHMKA Ha opbuTte. BoicokoTo4HOE onpeaeneHne opbuTh
pocturaetca 6narogaps npueMHuky F[COM n nazepHomy onpeaeneHunio AaabHOCTM OT CEeTU
Ha3eMHbIX CTaHL I C CUCTEMOW peTpopedneKTOMETPOB A0 CMyTHUKA.

O6nactv NpUMeHEeHNs NTUMAAPHOTO a/ibTUMETPa BK/OYaloT:

a)  TOJILLMHY MOPCKOrO ibAa 1 Tonorpacuio NonspHoi wanku;
b) ypoBeHb MOps 1M ANHaMUYeckyto Tonorpaduio okeaHa;

C)  BKAapj Byryb6aeHne 3HaHUIN O reonse;

d) Tonorpadumio NOBEPXHOCTU CyLLU, BKJIOYAs NeAHUKU 1 03epa;
€) CBOWCTBaA MOBEPXHOCTU;

f)  npodwunb aspo3ons n cBoNCTBa a3p0304;

g) BbICOTY BEPXHEW rpaHuLibl 061aK0B, ONTUYECKYIO TO/ILLY TOHKMX 06/1aKOB U HUXHIOKO
rpaHuLy nosiynpo3payHbix 061aKkos;

h) nonspHble cTpaTtochepHble 06naka;

i) aTMocdepHble HEOAHOPOAHOCTN, TakMe Kak NiaHeTapHbI MOrpaHUYHbIN C10i ¢ o61akaMu
Nno BEPXHel rpaHunLe;

j)  aKocmcTeMa — BbICOTa U CTPYKTypa Jieca.

Nupap anddepeHumanbHOro NoOroWeHNs

MeTtoga JIAMN ncnonb3yeT curHansl o6paTtHoro paccesHus Panesa u Mu B atmocdepe

OT a4anTUBHOIO OAHO4YaCTOTHOrO UMMY/IbCHOTO s1a3epa A/1a NPAMOro U3MepeHus NPoAo/bHbIX
npodunen MMKPOKOHLLEHTPaLLUii ra3oB B aTMocdepe. [1Ba nan 6onee cnekTpanbHO 6/U3KNX
na3epHbIX UMMNy/ibca NepeaatoTcsa B aTMocepy NOYTU OAHOBPEMEHHO (C MHTepBasoM

B 0,2—1 MC) C O4HMM UMMYNbCOM, HACTPOEHHbIM Ha LLIEHTP WM KPbIJIO IMHUU NOM/IOLLLEHUS
rasa, n Apyrmm, HaCTpOEeHHbIM Ha MeHee MOrNoLaoLWNi y4acTok cnekTpa. Mintepsan

mMexay ABYyMs unn 6onee nepegaBaemMbiMy AAMHAMUN BOH 06bIYHO cocTaBaseT <1 HM Ans
MUHUMU3aLMU CMELLLEHNI, BO3HMKALOLLNX U3-3a pa3HUL, KO3 PULMEHTOB 06paTHOro
pacceaHus B aTMocdepe. lNonyyeHune npodurneit KOHLLEHTPaL MK rasa obecrneymBaeTcs
meTozoM J1AMN, koTopsblit ncnonb3yeT auddepeHLmManbHoe 3aTyxaHe CUrHanoB obpaTHOro
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paccesaHua Mexay NOoroLaoWnMMm U HeNOMOoLWALWMMUN AJIMHAMW BOJIH B COYETaHUM

C anpUoOpPHbIM 3HaHMeM AnddepeHLnasbHOro CnekTpa NoroLWeHNs C 3/1EMEHTOM pa3peLLeHns
no ganbHocTn AR. Y4ynTbiBas Masnbil pasmep BPEMEHHOMO N CMEKTPaJIbHOrO MHTepBaaa Mexay
napoi(-aMun) UMNyNbCOB BKAOYEHUS U BbIKAtO4eHUS (T MC 1 <1 HM, COOTBETCTBEHHO), MOXHO
npeanosioXnTb, YTO KOHCTaHTbI Nprbopa 1 o6beMHble KO3 DULMEHTHI paccesHUs B aTMocdepe
B MPOMeXYTKe Mexay OTpaKeHHbIMU aTMOCePHBbIMY CUTHaNaMuU B pexxumMe OHMamH

1 ocnaliH NOCTOAHHLI. B pe3ynbraTte, Bo3ayLIHble U kocMudeckue J1AMN cnocobHbl ob6ecneymnTb
BbICOKOTOYHbIE M3MEPEHUSA MasiblX Fa30BbIX NPUMecel No Bcel Tponocdepe, NOCKObKY OHU
camMoKanmbpyloTCsa U He NOABeP>KEHbl OTK/IOHEHWAM, BO3HUKAIOLLLUM U3-3a MOMEX OT a3p0o30/1ei
1 061a4HOCTU. YCTOABLUMINCA N NPOBEPEHHbIN BpemeHeM metoz JIAAT ncnonb3yertca ans
60pPTOBbIX U3MEPEHUI Npoduieli BOASHOIO Napa U 030Ha Ha NPOTAXEHUN AeCATUNETUA. DTN
BO3/YLUHblIE NPOTOTUMbI MPOAEMOHCTPUPOBaK, 4to metoa /11N aBnseTcs e ANHCTBEHHbIM
XUN3HeCNnoCcobHbIM NOAXOA0M B MCMO/b30BAHUM AUCTAHLMOHHOIO 30HANPOBaHNA AN
noNyy4yeHus peasibHblx MPpoduiel Manbix ra3soBblX NPUMeCei C BbICOKMM MPOCTPAHCTBEHHbIM
pa3speLlueHreM OT BepxHeli Tponocdepbl 40 N1aHeTapHOro norpaHn4Horo cnos. Hecmotps

Ha TO, 4TO €ro MOXHO JIerKO pa3BepPHYTb C camoseTa, BHeapeHue J1[I kocmmyeckoro
6a3MpoBaHNA 40 CUX NOP HE COCTOANOCH M3-3a OFPaHNYeHN B MaclUTabnpyemocTu

N 3P HEKTUBHOCTU MMMNYNbCHBIX JTa3€POB, a TakXke AOCTYNHOCTU 3P DEKTUBHBIX 4ETEKTOPOB,
4yBCTBUTENbHbIX K eANHNYHBIM (poToHaM. Heckonbko nporpamm HACA n EKA B HacTosLee
BpeMS pa3BMBaloT TEXHOJIOTMN, HeobxoaAnMble AN NpoBeaeHna MeTogoM /14N namepenui
BOASHOIO Napa 13 KoCMoca B Te4eHne CefyoLero AecaTuieTms.

Peanusaumna metoaa 1AM ana npoduampoBaHmsa M3 KOCMOCa MaJiblx ra3oBblx MpuMecei

B aTMoc(epe TpebyeT LOCTaTOHHOIro aTMOC(HEPHOrO pacceaHMs 1 4yBCTBUTENbHOCTU
o6HapyxeHus. 119 nsmMepeHnin KOHLEHTPaL M1 rasa B yC/10BMUAX, KOraa COOTBETCTBYOLLME
WHTEHCMBHOCTM IMHUIA NOTNOLLLEHNS NexaT 3a Nnpeaenamun 6nxHen nHppakpacHo

o61acTy onTUYeCcKoro cnekTpa, a aTMocepHoe paccesHne n 3pHeKTUBHOCTb JeTekTopa
orpaHn4eHbl, MOXHO MCNOb30BaTb BapnaHt metoaa J1l1, MeToa MHTErpUPOBAHHOTO My TH
anddeperumanbHoro nornoweHus (IPDA), ans nsmepeHuns B3BeLLEHHOM KOHLLEHTPaLLUK rasa
B CTON16€ C NOMOLLbIO CU/IbHbBIX MOBEPXHOCTHbIX 3XOCUTHaNoB. [TpoBeAeHME BbICOKOTOYHbIX

1 To4HbIX n3mMepernit CH, n CO, metogom IPDA 6bino HelaBHO NPOAEMOHCTPUPOBAHO

c camoneta. MEP/IVIH, uccneposartenbckas nporpamma nof pykosoacTsom Hemeukoro
WMHCTUTYTa aspokocMmyeckux nccnegosannin (/1P) n HaunoHanbHoOro LeHTpa KOCMUYeCKnx
nccneposannin PpaHumm (KHEC), HaxoauTcs B cTagmm pa3paboTku 1 npu3BaHa
NMPOAEMOHCTPMPOBATb OCYLLECTBMMOCTb M3mepeHuin CH, metoaom IPDA u3 kocMoca.
MporpaMmbl pasBUTUA TEXHONOTUIA, HEOOXOANMBIX A5 NpoBeaeHuns nsmeperuin CO, MeTogom
IPDA 13 KocMoOcCa, CyLLLeCTBYIOT 1 B A3UMN.

B kauecTBe NpMMepOB MOXHO NpUBECTU cieaytoLme obnactu npumeHerus JIATM v IDPA:

a) JIAN H,O cucnonb3oBaHeM NOJIOC MOMOLLEHMNA B CNEKTPA/bHbIX 06/1aCTAX
820 HM 1 935 HMm;

b) 14N O, c ucnonb3zoBaHMeM KOHTUHYYMa NOI/IOLLEHUA B CNEKTPa/IbHOWA
ob6nactn 290—320 Hwm;

) IDPABcton6e CO, c ucnosnb3oBaHveM MMHUI Ha 1,57 MKM B OkHe 1,6—1,7 MKM 1n B OKHe
2,0—2,3 MKkMm;

d) IPDA B cton6e H,O c ucnonb3oBaHneM IMHUIA B CNeKTPasibHOW 06n1actu 1,65 MKM.

23 KOCMMUYECKUA U HASEMHbINA CETMEHTbDI

HabnioaeHve n3 kocMoca npeanosiaraet MCNob30BaHNE C/TIOXKHOM CUCTEMbI, COCTOSILLLEN U3
(i) kKoCcMMYeckoro cermeHTa 414 BbINO/HEHUS HabntoaeHWI, 1 (ii) HA3eMHOro cermMeHTa ANns
ynpas/ieHNsi KOCMUYECKUM CEFMEHTOM, 06paboTKM N pacnpOCTPaHEHNS AaHHbIX HabIO4eHNA.
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Kocmuueckum cermeHT

KocMunyeckuii cermeHT CHYTHMKOBOIZ CUCTEMBI BK/ItOYAET B Ccebs:

a)
b)

@)

nnatgopmy (Takxe HasbiBaeMyto N1aTPopPMON CNyTHUKA);
6opTOBbIE NPUGOPHI;

CpeAcTBa CBA3W A4 NONYyYEHUS KOMaHA 1 nepefayn BbIXOAHbIX AaHHbIX
nNprM6opPOB Ha 3eMJII0.

CnyTHWKKW Ans HabnogeHns 3a 3eMaeil MOryT MMeTb pa3Mmep/Maccy B npeAenax AByx
NOpPsAKOB BE/INYNHBI:

a) HaHocnyTHukK: 1—10 kr (pakTUYeCKn X NCNONb30BaHUE A5 onepaTUBHbIX HabNtoAeHNI
3a 3emel ManoBePOATHO);

b) kyb6ocat: knacc HaHOCMYTHUKOB, COCTOALLMX U3 MHOXeCTBa Kybuyeckmx 610K0B pasMepom
10 cm x 10 cm x 10 cMm, Kaxabl U3 KOTOPbIX UMeeT Maccy He 6onee 1,33 kr;

¢)  mwukpocnyTHukm: 10—100 kr;

d)  MuHucnyTHuKmM: 100—500 «r;

e) Manble cnyTHukn: 500—1 000 «r;

f)  cnyTHukuK cpepHero pasmepa: 1—2 TOHHbI;

g) KpynHble n3genuns: > 2 TOHH.

2311 O6cnyskuearoujue nnamegopmol

CI'I)/THVIKOBaFI nnachopma obecnevynBaeT BO3MOXHOCTU pa3MeLleHna I'IpVI60pOB
M npeaocTtaB/IA€T HECKOJ/IbKO BUAOB O6C}'Iy)Kl/IBaHVI$|I

a)

b)

@)

d)

e)

f)

9)

h)

3H€pFOCHa6)KeHV|e ansa I'lpVI60pOB, CpeacTB Te€/1€CBA3N N BCEX MPOYUX
CMYTHUKOBbIX MOACUCTEM,

HaBUrauyMoOHHbIE BO3MOXHOCTU ANA reorpac|3|/|'~|ecn<017| NPUBA3KN Ha6}'IIO,CI,eHVII7I;

ynpasJ/ieH/e NoJ0XeHNEM B MPOCTPaHCTBE A1 KOPPEKTHON OpUeHTaLuum npnbopos
n ctabunmnsaunm;

obecneyeHune TeNN0BOro pexnma Ana obecneyeHuns 3afaHHblx yCI0BUA ANs
pyHKUNOHNPOBaHUS NPpNGOPOB;

YCTPOI\/’ICTBa NnpoBEpPKHN Cb)/HKLI,VIOHVIpOBaHI/IFI 0719 MOHUTOPUWHIAa N KOHTPO/19 COCTOAHUA
CMYTHUKOBbIX MOACUCTEM,

ABUTraTeNn A1 COXpaHeHnA Op6VITbI, n, ecnmn HeO6XO,CI,VIMO, M3MEHEHNA Op6VITbI}

TeXHMYeCcKMe BO3MOXHOCTUN 418 OCYLLeCTBAEHUS KOHTPOS 3@ Pa3AnNYHbIMU
noacmMcrteMamu nNnatopmsl;

BO3MOXHOCTU O6pa6OTKVI ansa pa6OTbI cnepegaBaeMbiMn I'IpI/I60prIMVI AaHHbIMU
M NOTOKaMWn AaHHbIX B onpeAe€HHbIX cpopmaTax;

yCTPOMCTBA XpaHeHNss 60PTOBbIX 3anncel MobanbHbIX AaHHbIX;
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]) cpeacTBa CBA3U A4 NMOJTyHeHUA KOMaHA C 3€MN;

k) cpeacTtsa cBs3u Ang nepefadn AaHHbIX HAGMOAEHUIA U AaHHBIX O COCTOSIHUM
CTaHLUMU Ha 3eMJII0;

|) apyrumne ycnyrm cBfa3u, korga rmachopma BbIMOJIHAET TOJ1IbKO q:))/HKLI,VIIO
peTpaHcnAaunn AaHHbIX.

23.1.2 CucmeMbl HaA8UaYyUU U MecmoonpeodesieHus

Cucrembl HaBuUrauunn n mectoonpenesiedHna HEO6XO,CI,I/IMbI 014 reonpuBA3Kn Ha6mop,ae|v|b|x
OaHHbIX, KaK B npouecce CbeMKU, Tak 1 BNOoCeACTBUN ONA O6pa6OTKI/I AaHHbIX Ha 3eM/1€e. I'IpM
3TOM UCMONb3YIOTCA Cieqyroumne CUCTEMBbI:

a) NasepHble peTpopedekToMeTpbl;
b) npuemHukn THCC;
C)  cuCTeMbl paguomecToonpe/esieHus;

d) obopynoBaHue cnexeHus 3a 3Be3gamMu.

JlazepHble peTpopedieKTOMEeTpPbI

211 YCTpOVICTBa npeacTaBAAa0T coboi 3€pkKana, KOTOpbiIMU 06bIYHO ABNSAIOTCA YrosikoBblie
oTpaxartenu. OHun OTpaXxatoT 1a3epHbl€ 1y4n, NOCbl/laeéMbl€ BO BpeMA C€aHCOB
MecToornpenesieHna Ha CnyTHUK U3 Ha3€éMHbIX NYHKTOB, UMEIOLWNX la3epHOe O60pyﬂ,OBaHVIe.
ﬂa3epr|e peTpopecbneKTomeprl MCNOJIb3YKOTCA Ha MHOTUX CNYTHUKaxX A4 TOYHOro
onpeaeneHns Op6l/ITbI no q)aKTy. OHo OOCTUTraeTca nyTeM nocCT-npoueccnHra psaaga
M3MepeHVIVI NCKIHOYNTE/IbHO B HOYHOE BpeMA U nMpun 6e306/1a4HOM Hebe. npOBO,D,MMbIﬁ aHann3
npeaycMaTpmBaeTt LLe1yto CETb CKOOPANHUNPOBAHHBLIX HA3€MHbIX CTaHLU N n. nOﬂy‘-IaeMble
pe3ynbratbl AOCTATOYHO HEMHOITOYNC/IE€HHBLI N NOCTYMNakoT C 3a,qep>|<|<017|. O,CI,HaKO OHWN ABNIAKOTCA
HACTOJ/IbKO TOYHbIMWU, 4HTO MOTYT UCNOJ/1b30BaTbCA A4 Ll,el'leVI KOCMMYeCKomn reoge3nn.

Cucrembl paanomMmecTtoonpeaesieHns

ﬂ,aHHbIe CNCTEMBI CneLraZibHO CNPOEKTUPOBaHbI B NOAAEPXKKY 3a4a4 a/IbTUMETPUN. OHun
OXBaTbIBAlOT paAnNOCBA3b MeXAY CMMYTHUKOM, C O,CI,HOVI CTOPOHbI, N Ha3€MHbIMU CTAaHLUUNAMMU
nepeaaqu VI/VI}'IVI noay4eHuna curHana, C,El,perVl. Onpe,u,eneHme MECTOMOJTOXKEHUNA BbINOJTHAETCA
B MacluTabe BpeMEHN, 6/11M3KOM K pe€aibHOMY, N OT/ZINHAETCA NOBbILLIEHHOW TOYHOCTbIO NOC/Ie
noCT-npoueccnHra. ,D,B)/MFI npunMepamMmm Taknux CUCTEM ABJIAKOTCA:

a) WHTerpupoBaHHas cnyTHMKOBas cMcTema 0nepoBCckoi opbuTorpacdum
1 pagmnosiokaumoHHoro mectoonpegenenuma (DORIS), nsmepstowas 4ONI€POBCKUIA CABUT
CUFHaI0B C HA3eMHbIX CTaHUUI;

b) ob6opyaoBaHue An5 TO4HOro onNpeaeneHns AalbHOCTU N CKOPOCTU U3MEHEHNS [allbHOCTU
(PRARE), n3mepstouee anddepeHumanbHble CUrHaNbl OT CETU Ha3eMHbIX CTaHLLUNA.

Mpuemumnkm rHCC

[laHHble CMCTeMbl UCNOb3YIOT CABUT pasbl CUTHA/I0B OT HECKObKUX CMYTHUKOB [No6anbHO

HaBuraunoHHon cnyTHukoBon cuctemsl (THCC). THCC BkatovaeT B ce64 HaBUraLMOHHbIe
rpynnuposku cnyTHukoB CLLUA (TCOM), Poccuiickoin ®epepaumm (MTIOHACC), EBponelickoro
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coto3a (Galileo) n Kutas (Compass, Ha3biBaemas B Kutae Beidou). bonbLioe konmyectso
CNYTHUKOB B HacTosiLLee Bpems ucnonbsyet npneMHmnkn FTHCC ans noaaepxkum csoei
HaBuraunun. OnpegeneHve MeCTONOIONKEHMS OCYLLLECTBISETCS B peasbHOM MacluTabe BpeMeHu.

O6GopyaoBaHue CriexeHus 3a 3Be3amu

K Taknum npubopam oTHOCATCA popMmnpoBaTenm nsobpaxeHunii npnubopoBs C 3apaA0BOI CBA3bIO,
KOTOpble C1eAAT 3a APKMMM 3Be31aMu1, Pacno3HatoT UX PUCYHOK U NOCbINAOT MHDPOPMaLLUIO

B CMCTEMY ynpaBJ/ieHNs opueHTauunel cnyTHuka. Mpunbopbl ciexxeHns 3a 3se3famm
obecneynBaloT HeMpPepPbIBHbIN MOHUTOPUHT NOIOXEHUA CNYTHUKA, MPUYEM C ropasfao

60/1bLLIE TOYHOCTbIO, YEM CUCTEMbI HAa OCHOBE 30HAMPOBaHUA rOPU30HTa. DTO TpebyeTcs ANd
nNPU60OpPOB, KOTOPLIM HY>KHa TOYHaa MHopMaLma 06 opueHTaunn (Hanpumep AMMO0BLIM
30HANPOBLUMKAM), Kak A5 aKTUBHOIO ynpaB/ieHNs OpueHTaL el BO BpeMs noseTa, Tak u Ans
nocneaytoeli o6paboTkn AaHHbIX Npubopa. Bce 6onbluee KONNYECTBO CNYTHUKOB CEroHA
o6opyaoBaHbl Npnbopamun ciexeHUs 3a 3Be3gamu.

2313 OpueHmayus u cmabunusayus

Cucrembl OopuveHTauunun n CTa6I/IJ'IVI3aLI,I/IVI ABNAKOTCS BaXXHEMLLIUMM dNEeMEHTaMU I'I}'IaTCIZ)OprI,
KOTOpbl€ onpeaendatoT BO3SMOXXHOCTU HaBeEAEHUA I'IpI/I60pOB.

OpueHTauns CTOPOHbI NAaThopMbl, Ha KOTOPOW pa3MeLLeHbl 4aTYNKW, B UAease LOMKHa
COXPaHATbCA B CTOPOHY NMOBEPXHOCTU 3eM/I1, €C/IN TOIbKO NporpamMmma CnyTHUKa

He npeaycmaTpuBaet aApyrue uenu (tTakme kak MOHUTOpUHT ConHua). Nockonbky nnatcopma
BO BpeMs CBOEro [ABUXeHUs No opbute coxpaHseT NOCTOAHHY OpPUEHTaL M0 B OTHOLLEHUN
3Be3/, He0OX0AUM MexaHU3M cTabunmsauuu.

Cambim npocCTbiM (I'IaCCVIBHbIM, l/IHele,l/IOHHbIM) ME€XaHN3MOM CTa6VI}'II/I3aLI,l/IVI ABNIAETCA
BpalleHne. Ocb BpaweHnAa UMeET NOCTOAHHYIO OPUEHTAL MO OTHOCUTE/IbHO 3BE3/, MO3TOMY
OHa HE BbIMNOJIHAET Tpe6OBaHV|ﬂ OopuneHTaunm OTHOCUTEJIbHO 3emnn. ﬂ,ﬂﬂ CMYTHUKOB Ha rco

OCb BpalleHNA MOXeT 6bITb 3ajlaHa napa/jie/;ibHO OCU BpaLleHuns 3eM}'II/I, N TakKnUMm o6pa30M
NOBEPXHOCTb 3emnun 6yp,eT CKaHMpoBaTbCA INLLb H€60}'IbLLIy}O 4aCTb BPEMEHU (OKOJ'IO 5%
BpeMeHN o6pau.|,eHV|9| CI'I)/THI/IKa) Npwn Ka>XaA0M BpaLleHUn CnyTHKa. ﬂ,)’lﬂ Op6I/ITa}'IbeIX
CTaHLl,VII7I Ha HU3KO Op6VITe OopueHTauuna oCn BpalLeHNA MOXET ObITb 3ajaHa cneunajbHO TakKnuMm
o6pa30M, YTOObI AaTb BO3MOXXHOCTb I'Ipl/I60py ObITb OPUEHTUPOBAHHBIM B CTOPOHY NMOBEPXHOCTU
3emnun KaKyto-TO 4aCTb BpEMEHN. B nto6om Ccny4ae CTa6I/IJ'IVI3aLI,I/I$I BpalweHnem npnemaema,
TO/TbKO €C/1n pap,momeTqueCKlel 6anaHc an6opa A0CTAaTO4Y€H A4 BbINMO/THEHUA M3MepeHVIVI,
015 KOTOPbIX NHCTPYMEHT 6bi1 CNPOEKTUPOBaH, HECMOTPA Ha He6OJ'IbLIJ)/|O A0 NMNONE3HOTO
BpeMeHN Ha6}'IIO,CI,eHVIFI. KpOMe TOro, CTa6VI}'Il/I3aLI,VIFI BpalleHNeM MOXET 6bITb BbIMO/IHEHA TO/IbKO
Ana oaHOro nin eeCbma He6ONbLLIOro KOJINYeCTBa I'Ipl/l60pOB Ha O,Cl,HOI7I rmachopme.

TpexocHasa ctabunmsauma ropasgo 6osblie NOAXOAUT 419 NOAAEPXKAHMA MOCTOSHHOMN
OopueHTaLMK No HanpasaeHuio K 3emne n obecneyrBaeT GYHKLMOHUPOBaHME 60/bLIErO
Konn4vecTBa NpMOOPOB Ha OAHOM NaatcopMe. ITO Co34aeT BO3SMOXHOCTU A8 aKTUBHOIO
ynpasJ/ieHNs OpUeHTauMel CNyTHUKA B OTHOLLEHWM BPALLLEHN BOKPYT OCK, NeprneHANKYSPHON
op6M1TasbHOM NAOCKOCTU (TaHrax); OCK, KacaTesIbHOM K MTHOBEHHOMY AIBUXEHMUIO MO opbuTe
(kpeH), n Hanpas/ieHUs B HaAMP (pbliCKaHne).

AKTUBHOE ynpasneHne uMeeT NPUHLUNNAJIbHO BaXHOE 3Ha4yeHMe, NOCKO/IbKY OHO O3Ha4aeT
BbICOKOTOYHOE onpeeneHne nonoxeHuns (Ha OCHOBe, K NPUMepPY, BUSUPOBaHUA INHUN
ropu3oHTa, C NOMOLLbIO NPUBOPOB cexeHus 3a 3se3gamum unun npuemHnkos FTHCC)

1 3P eKTUBHbIE NCMONHUTENIbHbIE MeXaHU3MbI (Takne Kak MUKPO-ABUraTenbHble YCTaHOBKMY,
rMpPOCKONbI, TOYHbIE AeTEKTOPbI U3MeHeHUA yrna u 3 dekTUBHasA ynpaBasioLLas 31eKTPOHMKa).
YTpaTa akTMBHOrO ynpasaeHNs ABSETCA OAHON N3 OCHOBHbIX MPUYMH HEYAa4HbIX NOJIeTOB.
AKTMBHOE ynpasiaeHne MOXeT NOB/INATb Ha Ka4eCTBO AaHHbIX BCNeACTBUE OFPaHNYEHHOM
TOYHOCTU, B HaCTHOCTM B C/ly4ae NpuBOPOB C BbICOKUM pa3pelueHmem u Bbicokux opbut (FCO),
N MexaHN4eCKnx BO3MYLLLEHNI B OpUeHTauum npmbopa, CBsA3aHHbIX C BKIOYEHMEM MPUBOAHbIX
MeXaHM3MOB.



INMABA 2. MTPUHUWNTbI HABTKOAEHWA 3EM/TN M3 KOCMOCA 51

MOMUMO OCHOBHbIX CUCTEM OPUEHTaL MM U CTabunmnsaumnm (BpaLleHne u TPEXOCHbI KOHTPO/Ib)
NCMO/b3YIOTCA TakxKe UHTeNNEeKTya lbHble CUCTEMbI YNPaBJeHUsA opueHTaLlmein, ocobeHHO

Ha Masblx CnyTHMKax. Hanpumep, B rpaBUTaLMOHHO-TPAaANEHTHOI CUCTEME UCNOb3yeTCs
ANIMHHAA WTaHra, KOTopas MMeeT HanpasJ/ieHNe B Haaup, YTO MO3BOJIAET MOCTOSHHO
OpUEeHTMpPOBaTb OAHY CTOPOHY NaaTOPMbl B HanpaB/€HNM MOBEPXHOCTN 3eMn.

2314 Cucmema npoeepku (pyHKYUOHUPOBAHUSA CNYMHUKA

BaxkHelLwas 3aga4va npy NPOeKTUPOBaHMUM CMYTHUKOB 3aKJIl04YaeTcs B TOM, YTOObl B3aMMHO
yBsi3aTb (PYHKLMOHa/IbHble BO3MOXHOCTM, KOTOPbIE YCTaHaBANBalOTCsA Ha BOPTY CNyTHWKa,

C PyHKLMAMM, KOTOPbIE MOXXHO 06eCneynTb Ha 3eM/1e NPU YC/I0BUM, YTO UMEETCS 4OCTaTOUYHOE
KOM4ecTBO MH(opMaL MM 0 6OPTOBbLIX XapakTepucTukax. PasmelleHune annapaTtypbl Ha 6opTy
CMYTHMKA MOXET JOPOro CTOWTb, OHa MOXET AaBaTb OTKa3bl, HE NoAJIeXaTb BOCCTAHOB/IEHWNIO

N UMETb OrpaHnYeHHyto paboTocnocobHOCTb. Mo3ToMy LenecoobpasHee pe3epBMpPOBaTh
yCTaHOBKY annapaTHoOro o6ecneyeHus To/bKO Ha Te C/lyyaun, Koraa 3To abCcoioTHO He06x0ANMO
M B pa3yMHOW CcTeneHu HagexXHo. bonee Toro, cncrtema, oTcnexmpaioLLas COCTOsIHUE CNYTHUKA,
[.aeT BCO JONO/IHUTENbHYO MH(OpMaL Mo, HEO6XOAUMYIO A/151 NPaBU/IbHON 06paboTKM
[aHHbIX Ha 3emse.

Cuctema npoBepkn PyHKLLMOHMPOBAHUSA CMYTHMKa o6ecneynBaeT KOHTPO/Ib Kak 3@ COCTOSHNEM
nnatgopmsbl (Aepopmaumm, TemnepaTtypa M3ny4varoLLeil NOBEPXHOCTH, BbICOTa, COCTOSAHNE
3N1eKTPOreHepUpPYyoLLINX YCTaHOBOK U BCEX APYTNX MOACUCTEM), Tak U 38 COCTOAHMEM Npn6opPoB
(cocTosiHMe 1 TemnepaTtypa pasanyHblx AeTasneil, KOHTPOJIbHbIE CUTHAbl 3N1EKTPOHUKN

1 T. n.). Kak npaBnao, nposepka COCTOsAHMA Npnbopa, No KparHen Mepe 4acTU4HO, 3a/10KeHa

B caMOM npubope.

O6beM 1 NONHOTaA NPOBEPKN PYHKLLMOHMPOBAHUS CUCTEM ABASIOTCA TEM NPU3HAKOM,

Mo KOTOPOMY CMYTHUKWN OTHOCAT K pa3/InyHbIM knaccam. CnyTHUKKW onepaTMBHOTO TMNa
060pyAoBaHbl 60/1bLLUMM KO/IMYECTBOM YCTPOMCTB NPOBePKU (PYHKLMOHUPOBAHUA ANS
MOHWUTOPUHIa NOACUCTEM N BO3MOXHOWM MHMLMALMM BOCCTAHOBUTEIbHBIX MaHEBPOB (Takmx
KaK nepek/toYeHne Ha pe3epBHble ycTpolicTBa). MHdopmaLms, nonyyeHHasa B xofe NpoBepKu
(PYHKLNMOHNPOBAHUSA, ABNSAETCSA OCHOBHbLIM 3/IEMEHTOM A1/19 TOYHOW KanmbposKku npnbopa

1 reorpacny4eckom NPUBA3KM AaHHbIX.

HecMoTps Ha BaXXHOCTb Ha/IM4MA XOPOLLEN CUCTEMbI MPOBEPKUN (PYHKLLMOHNPOBaHUS,
CyLLLeCTBYIOT OFPaHNY€HNs N0 TOYHOCTU, KOTOPOW MOXHO A06UTLCA NyTEM UCMOJIb30BaHUA
nporpaMMHoin o6paboTtku. OWnbKM, He yCTpaHEHHbIE MOC/e KOPPEKTUPOBOK C MOMOLLbIO
nporpaMMHoOro o6ecnedyeHns NN PeKOHCTPYKLUMIA, MOTyT 6biTb 60/bLLE AONYCTUMBIX A5
KOHKpPETHOro npnumeHeHus. [103ToMy HEKOTOpPble KOPPEKTUPOBKM MOTYT NPOBOAUTLCA TOJIbKO
Ha ocHoBe 60PTOBOW annaparypbil.

23.1.5 lMepedaya daHHbIX

Mnatcopma fonxkHa nepeaaBatb Ha 3€MJI0 pe3y/ibTaTbl HABIOAEHNI Pa3INyHbIX TPUGOPOB.
Kako# 6bl HM 6blsia BbICOTa CMyTHMKA Haj, MOBEPXHOCTbIO 3eM/IN, pagMoCUrHanam,
nepenasaemMbiM Ha 3eM/1t0, HEO6X0AMMO NPOITH Yepe3 noHocdepy n nnasmocdepy,

KOTOpble 6JIOKMPYIOT PacnpoCTPaHEHME 3/1IEKTPOMArHUTHBIX BOJIH C HaCTOTOM HUXE, Yem
KpuTMyeckas YyacToTa niasmbl (~25 MIL,). TpebyeTcs npsamas BUAMMOCTb MeX/Y nepeaaTymkom
M NPUEMHUKOM Ha CMyTHUKE M Ha HAa3€MHOM CTaHLUW.

Cambln NPOCTOM NPUHLMN NOYyYeHNS HabMOAEHHbIX aHHbIX CO CMYTHMUKA — 3TO Npsamas
TPaHCIALUSA B PEXMME peasbHOro BpeMeHU. 15 CNyTHUKOB, HAXOAALMXCSA Ha HU3KUX
okosio3emMHbix opbuTax (HOO), HazemHasa cTaHuuAa 6yaeT nony4aTtb BCe AaHHble, KOTOpble
CNyTHUK NepegaeT Npu NPOX0XAEHNM 30HbI PagMOBUANMOCTUN. Pa3mep 30HbI paanoBUAMMOCTHU
6ynet oauH 1 10T Xe Ana FOV cnyTHMKa € 3eHUTHbIM yrnoM ¢ = 90° (B npuHuMnie) unm

cyrnom ¢ =85° (c ymeHbLUEHHOI CTEMEHbIO PUCKA MOMEX OT Ha3€MHbIX MCTOYHUKOB WU/U
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oporpaduryeckoin okkno3nn). M3 tabnuubl 2.1 BUAHO, 4TO AN BbICOTbI cnyTHUKA 800 KM,
K Npumepy, 30Ha PagMoBUAUMOCTM NpeacTaBaseT cobom okpyxHOCTb AnameTpom 5 000 kM
(ana ¢ =85° nnan BbicoTbl = 5°).

B cnyyasx, koraa ckopocTb CnyTHWMKa HaxoanTcs B npeaenax 400 KM/MUH 1 MapLIpyT CNyTHUKa
NPOXOAMUT NO LeHTPY Haj CTaHLUMe NprueMa AaHHbIX, CeaHC nepeAayn CUrHana AJMTca camoe
6onbluee 15 MUHYT M yMeHbLUAeTCs 40 HECKOJIbKUX MUHYT Npu nepudepuinHbix npoxoaax.

Takon npuém curHana Hanbonee yqob6eH, MOCKObKY NOJb30BaTe/I0 NepeaatoTca HabaoAeHHbIe
[aHHble B pea/ibHOM BpeMeHU A5 He3ameainTenbHon o6paboTkn. OgHako 1okaabHOM
NPUWEMHOI CTaHUWen MOoryT 6bITb MOJTyYeHbl TONbKO AaHHble, HAbNOAEHHbIE U MepeJaHHble

BO BpeMs NPOXOXXAEHMS CNYTHMKA BHYTPW 30HbI Npuema curHasnos. na ICO npsamas
TPaHCIALMNSA MOXET HENMPEPbIBHO OCYLLECTBAATHCA Ha CTaHLMIO, Pacno/ioXeHHY0 B pamkax FOV.

AnbTepHaTMBHbBIM CNOCOOOM MONYHEHUSA AAaHHbIX CO CMYTHUKOB, Haxoaawwmxcs Ha HOO,
ABNSETCA XPaHEHMe AaHHbIX HaboAeHNn Ha 60PTY CNyTHMKa 1 NepeAaya AaHHbIX MO KOMaHAe,
Korga CnyTHUK NposieTaeT Haj, LLleHTpaabHON NpueMHOW cTaHuuel. LleHTpanbHas ctaHuma,
KOTOpas Takxe UCMOb3yeTcs A1 OTNPAaBKM KOMaH/ Ha CMYTHUK, MMeeT TakoW >ke AMana3oH
pPagnoBMAMMOCTH, 4TO 1 lto6as NokabHasa cTaHumA. Ecan oHa pacnosioxkeHa Ha BbICOKMUX
LMpoOTax, TO LLeHTpaabHasa CTaHLMA MOXET MoJly4aTb AaHHble CO MHOTMX 0p6buT. Kak nokasaHo
B Tabnuue 2.4, 60/1bLLINHCTBO CO/THEYHO-CMHXPOHHbIX OPOUT NpoxoasaT MmeHee YyeM B 10°

OT MOJIt0Ca, TaK 4YTO LieHTpanbHasa CTaHLMA, PacnosioXeHHas Ha LUMPOTe, K NPUMepy OKOJ10

80°, 6yneTt nepecekaTb BCe Op6UTHI U 06ecneynT nprem robasbHbix AaHHbIX. COOP AaHHbIX

no NPUHUMUNY «XpaHeHne 1 c6poC» AaHHbIX UMeET MPENMYLLECTBO B TOM, YTO NO3BOJISET
BOCCTaHaBAMBaTb JlaHHble /15 BCEro 3eMHOrO Lapa, O4HaKO OH MMeeT Tak>e psij HeJO0CTaTKOB:

a) [oCTyn K AaHHbIM obecrneynBaeTCs MeasleHHee, MOCKO/IbKY 3aZepxKa CkaablBaeTcs
N3 BpeMeHU, KOTOpoe HeobxoANUMO A8 NpoxoxaeHns Bcert opbuTtel (Ao 100 muH);
ON5 NONYYeHWA AaHHbIX Ha LLleHTpanbHOM cTaHuuK (0kono 10 MUH); ux peTpaHcnaumm
Ha LLeHTpasbHbIl NyHKT 06paboTku AaHHbIX (0kon0 10 MuH), a Takxe Ans
nepepacnpegeneHns u 4oBeAeHUa AaHHbIx 40 aboHeHTOoB (okoa0 10 muH). Kak cneacteue,
obuias 3agep>kka B AOCTYMHOCTU AaHHbIX COCTaBAsAeT 2-3 Yaca;

b) cnyTHMK gonxeH NnepefaBaTh AaHHbIE, HAKOM/IEHHbIE 3@ OAHY 0p6UTY (0K010 100 MUH)
B Te4eHMe BpeMeHn, NPOBEAEHHOrO0 B Npejenax 30Hbl PagnoBUAMMOCTY LLeHTPaIbHOM
ctaHumn (npumepHo 10 MuH). No3TOMy CKOPOCTb NepeAadn AaHHbIX U LUMPUHA MOAOChHI
[O/XHbI 6bITb HA OAMH NOPAAOK BE/MYMHBI 60/1bLUE, YEM NPU NPSMOM CYUTbIBAHUN
AaHHbIX, 4TO CU/IbHO B/IMAAET Ha CTOMMOCTb, Pa3sMepbl U CIOXHOCTb CTaHLMW. Takol pexxum
nepeaa4u AaHHbIX COOTBETCTBYeT Tpe6OBaHMAM CNYTHMKOBOrO onepaTopa, HO 06bIYHO
He yno6eH Ans OTAeIbHOro Nosib3oBarens;

C)  CylecTBYOT NpMbOpPbI C TaKOWN BbICOKOM CKOPOCTbIO NepeAadn aHHbIX, HTO OHU
He MOryT B MO/IHOM O6beMe XpaHUTbCA Ha 6OPTY CNyTHUKA: MOXeT noTpeboBaTbCcs 0T6OP
AaHHbIX, NoAseXallMX XpaHeHu1to, 160 3a CHeT NOHMXEHMA pa3peLleHns, 1Mo nyTeMm
npeasapuTenbHoro ot6opa kaapos (Hanpumep, 10KasabHbIN oxBaT panoHa (JIOP) —
pexnM Ha nonsapHo-opbutanbHbix cnyTHMkax HYOA ansa HabniogeHus 3a okpyxatoLei
cpenon (POES)).

Ecnn He HanaxeHO nojy4yeHne AaHHbIX Ha J1IOKa/IbHOM YPOBHE B p€a/lbHOM MacliTabe BpeMEHN,
TO AaHHbIE, KOTOpPbIE co6V|paeT LUeHTpan bHbI MNYHKT O6pa6OTKVI AaHHbIX, AOJI>KHbI 6bITb
PeTpaHC/IMpOBaHbl NOJ/Ib30OBATE/IAM, Kak NpaBun/10, NocCne npep,Bapl/lTeanoﬁ O6pa6OTKI/I.

B C/ny4dae reoCtaynoHapHbIX CMYTHUKOB PETPAHC/IATOP Ha TOM XK€ CNYTHUKE MOXET 6bITb
MCNOJ1b30BaH A1 PETPAHCNALNNU JaHHbIX Ha J1OKaJ/IbHbl€ CTaHUNN nosib3oBaTenen.

[ns cnyTHMKoB, Haxoaawmxcs Ha HOO, B npomexyTke Mex Ay AByMS KpaHUMK CUTyaLmMamm
(Npamoe cunTbiBaHWE, MO3BOIAIOLLLEE MMETb AaHHblE Haj, OrpaHNYEeHHbIM PaOHOM B peanbHOM
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Maclutabe BpeéMeHN, Nin XxpaHeHne 40 MOMEHTa c6poca rnobanbHbIX AaHHbIX C 3ap,ep>|<|<017|
2-3 '-iaca) CyLLEeCTBYIOT a/IbT€PHATUBHbBIE NI B3aUMOAO0MNO/THAKOLULME CXEMbl BOCCTAHOB/IEHUSA
OaHHbIX, KOTOPbI€ MOTYT UCMOJIb30OBaTh:

a) HEeCKOJIbKO CTaHLl,VII7I C nepep,aqel‘/’l AaHHbIX «BHU3», pa36pocaHHblx no 3eMHOMY Llapy, B TOM
qymucne no O,CI,HOVI CTaHUMN B6AM3N KaXA0ro noaapHOro permoHa; 3To No3BOJIAE€T COKPAaTUTb
BpeMa XpaHEHUA AaHHbIX Ha 60pTy KOCMMNYECKOro annapara,;

b) ceTb cTaHUWMI NPAMOro cHMTbIBaHMA, pa3bpOCaHHbIX MO 3€MHOMY LUAPY, Kaxkjas
N3 KOTOPbIX MPUHUMAET AaHHble MO OrPaHUYEHHOMY PalioHy 1 peTPaHCINPYeT Ux
B LLEHTPbl AaHHbIX, YMeHbLLUAs TeEM CaMbIM 3a4ePXKKY B AOCTYNMHOCTM JaHHbIX A0 HECKObKMX
[AeCATKOB MUHYT, NpaB/Aa Npu 3TOM He o6513aTe/ibHO obecneymnBaeTcs rnobasibHbI OXBaT;

C)  CNYTHWK peTpaHCAALMM JaHHbIX. KOTOPbIV NOJyYaeT AaHHble B peasbHOM pexxume
BpeMeHM oT n1atopm HabNOAEHNSA U PETPAHCANPYET UX B LLEHTPaNbHbIA MYHKT
06paboTKN JaHHbIX, YTO YMEHbLUAET 3a4ePKKY B Ha/IMYUUN AAaHHBIX 0 HECKObKUX MUHYT.

CBOGBpeMeHHOCTb BOCCTAaHOBJIEHNA AAaHHbIX ABNAKOTCA Ba>kKHENLLNM BOMpoCoM AnA
onepaTtnBHbIX CMYTHUKOB; 3TO ocob6eHHO aKTyaJIbHO A1 METEOPO0Trnn, B CUny
OAHOBPEMEHHO CYLLUECTBYOLNX Tpe6OBaHMVI K OonepatnBHOCTU U rno6aan0My OXBarty.
ﬂ,)’lﬂ Hay4YHO-UCC/1e40BaTe/IbCKUX N ONbITHO-KOHCTPYKTOPCKUX I'IpVIMEHEHVIm Tpe6OBaHl/Ie
K ONepaTtuBHOCTU HE TaKOeE CTPOroe, no3ToMy pPeXnM XpaHEHNA AaHHbIX O MOMEHTA
c6poca ABNIAETCA CTaH,CI,apTHOVI I'IpaKTI/IKOI\/'I, KOTOpas Tak>e npeaycMaTtpmBaeT Hain4dmne
:-)Cli)q)eKTVIBHbIX CpeacTB apxXnBmpoBaHUA N MNONCKa, 4TO nNpeanonaraet BbICOKWNI YPOBEHb
CONpPoOBOXAEHUNA AAaHHbIX.

2.3.1.6 Ycnyzu no c6opy daHHbIX

MomuMo NnpeaocTaBaeHNs AaHHbIX HabatoAeHWI 3eMaun € NaTopMbl Ha OpbuUTe, CNYTHUKK
MOryT NOAAEePXUBATb Apyrue BUAbl 06CNyKMBaHUA, AeNCTBYS Kak PeTPaHCAATOPbI Te/1eCBA3N.
Hanbonee yacto npepgocTaBnsatoTCa cneaytoLme BUAbl yCayr:

a) c6bop AaHHbIX in situ oT nnaTdopM, pasMeLLeHHbIX Ha NOBEPXHOCTM 3eMJIN, BO3AYLLUHOM
CyAHe, Wape-30HAe, byax, CyAax Uiv faxe MUTPUPYIOLLMX XXMBOTHbIX. [Mnatdpopma cbopa
AaHHbix (MCA) moxeT nepefasaTtbh AaHHbIE HENPEPbLIBHO WM Yepe3 yCTaHOB/IEHHbIE
WHTePBasibl, UM NPU NONYYEHUUN 3aNpoca COo CNyTHMUKA. MobubHbIe n1aThopMbl MOTYT
6bITb O6Hapy>XeHbl CO CNyTHMKA, ecn oH HaxoauTcs Ha HOO. CnyTHuku Ha TCO moryT
o6cnyxumatb MNC/A B npeaenax nx npsamon suanmMocTtun (pernoHanbHele) nan MNCA,
nepeHocnMble MOOUAbHBIMK Natopmamm (kopabnau, BO3AyLUHbIE CyAa U T. N.), KOTOPbIe
nepemeLLaloTcs B 30He 0630pa pasnnyHbix cnyTHUKOB Ha TCO (MexayHapoaHbIX);

b) nownckoBo-cnacatenbHble onepaumnm, B Xoe KOTOPbIX CMYTHUKN 0GHapY>KMBaKOT CUrHaNbI
6eACTBUA OT NepefaoLLnX yCTPONCTB, UMEIOLLMXCS Y HYXAAKOLWNXCSA B MOMOLLLN.
3ateM Npocb6bl O NOMOLLM PETPAHCANPYIOTCS B OAMH U3 LLEHTPOB BCEMUPHOM
NonCKOBO-cnacaTesnbHon ceTu. lNonckoso-cnacatenbHoe 60pToBOE O60PYyAOBaHNE
pacrnonaraetcs Ha psje AeNCTBYOLNX METEOPOIONNMYECKMX CMYTHUKOB, HaXO4sALLMXCA
Ha HOO u ICO. O6cnyxmBaHue, npegoctaBnsemoe HOC, Ha3biBaeTcs CnyTHMKOBas
nonckoso-cnacatenbHasa cucteMa cnexxenns (CAPCAT), B To Bpems Kak 06C/y>KnBaHme
Ha ocHose [CO Ha3biBaeTcs [eoCTaLMOHaAPHBIN PETPAHCAATOP MOUCKOBO-CNacaTe/IbHOM
cnyx6bl (TEOCAP);

C)  peTpaHCaAaunsa METeOPOorn4eckon MHopmMaL MM OT METEOPOIOTUYECKUX LLEHTPOB
KOHeYHbIM NONb30BaTENSAM B PeXMMe PaAnOBELLaHNA NN BbIOPAHHBIM LLEEHTPaM B 30He
0630pa cnyTHuka Ha [CO. PyHKLUUA CBA3N «HaBEPX» MOXKET BbIMOHATLCS LLeHTPabHbIM
Y3710M CUCTeMbl UK 6bITb NepeAaHa BCNoMoraTe/lbHbIM CTaHLMAM, HaxoAALWUMCS
HeBJaJsieke OT LieHTpa NPOU3BOACTBa MHOPMaL MK, nMetoLLLero o6opyaoBaHne Ans
nepejayv CUrHanOB C 3€M/IM Ha CNYTHUK.
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2.3.2 Ha3seMHBbIl cermeHT

B Ha3eMHbIl1 cerMeHT CNYTHUKOBOM CUCTEMbI BXOAAT:

a) LUeHTpa/bHas CTaHUWA CNYTHUKOBOIO yNpaBaeHns n cbopa rnobanbHbIX AaHHbIX;
b) nepudepuiiHbie cTaHUUM AN NTPUEMa AaHHbIX;

C)  LEeHTpbl ynpaBieHUs noaeramm 1 onepaumamm;

d) ueHTpbl 06pPabOTKN M aPXNBUPOBAHUSA AAHHbBIX;

e) CNCTEMbBI PaCNpPOCTPAaHEHUA AAHHBIX N MPOAYKLLAN.

2.3.21 LlenmpanvHas cmaHyus ynpaeneHus u coopa z2106a/16HbIX AHHLIX

DTOT KOMMNOHEHT HAa3eMHOr0 CerMeHTa MOXeT ObITb B LUIMPOKOM CMbIC/ie 0603Ha4YeH Kak CTaHLms
ynpasneHua n céopa gaHHblx (CYCA). Tunuyusimm 3agadamu CYC/, asnatotcsa:

a) noJiyvyeHue nocnefoBaTe/IbHOCTM KOMaHA OT LleHTpa ynpaB/ieHns nonetamum n nepegadya
KOMaH/ Ha CMyTHUK (B OTHOLLUEHUN KOHUTypaLMm NMOAE3HON Harpy3kn, KOHUrypaumm
CMYTHUKOB, KOHTPOJIS OPOUTBLI U T. 1.);

b) npuem TenemeTpmHeCKUX AAaHHBIX CO CMYTHMKA (419 OPUEHTaLUN 1 onpeaeneHns opbuTsl,
COCTOSIHMA CNYTHMKA M NOMI€3HOM HArpy3kun 1 T. n.) U Ux He3ameanTe ibHas nepejaya
B LLleHTp(bl) ypaB/ieHns NoaeTom;

C) npuem reodunsnyecknx N BCMoMoraTesibHbIX AaHHbIX (CBA3aHHbIX C MPOBEPKOW
(pyHKLUNOHNPOBaHNSA, KaNMOPOBKOM U T. A.) U UX Nepefaya B LLeHTPbl 06paboTKK
N apXMBaLMKN JaHHbIX;

d) O0NO/IHEHNME NOTYHE€HHbIX MOTOKOB AaHHbIX VIHCI)OpMaLI,I/IeVI O TOYHOM BpeMeHU
N aneMeHTax Op6I/ITbI.

leocTaumoHapHble CMYTHUKM MOTYT UMeTb TOJIbKO OA4HY ocHOBHYt0 CYC/L. 1ns cnyTHUKOBbBIX
CMCTEM Ha OKOJIONOJIAPHOM opburTe MOXHO n3bexartb Cnenbix OpouT NyTeM pasMeLleHms

CYC/ Ha o4eHb BbicOKON WwnpoTe (Hanpumep, Ceanbbapa Ha 78° c.wi.). [lse nonspHboie CYC/[,
AaBnA0TCA 6a30BbIMU CTaHUMaAMK Ans nporpamm HYOA, EBMETCAT n KMY. 1ns op6uT € HU3KUM
Hak/10HeHMeM Heobxoamma Lenaa cetb CYC/I, ogHa 13 koTopbix 6yaet rmasHoin CYC/A.

CYC/[ ncnonb3yeT Ans ynpasaeHns CNyTHUKaMKM H4acToTbl B S-Anana3soxe (okono 2 100 MIy).
S-AnanasoH NoYTM He YyBCTBUTE/IEH K MOTOAE M HE HAaCTO/IbKO KPUTUYEH A8 TOYHOCTU
HaBeaeHUs. na npuema reopmsmyecknx AaHHbIX ncnonbsyetcs L-auanasoH (okosno 1 700 Mlu),
eC/IN CKOPOCTb Nepeayn faHHbix MmeHee 10 M6uT/c, unu xe X-gnanasoH (okono 8 I'My) npwu
CKOPOCTU Nnepeaayn gaHHbix 4o 100 M6uUT/c, nnu K,-ananasoH (okono 26 ITy) npu ckopocTu
nepefayv aaHHbIX B COTHU M6uT/C.

23.2.2 Lenmpbl ynpaeneHus noiemamu u onepayusmu

OTN KOMNOHEHTHI B 06OLLEM MJIaHe MOTYT Ha3blBaTbCA LleHTpamMu ynpasnenns nonéramm (LLYIT).
B nx 3apa4m BXoguT:

a) npuem nHdopMaLMm O CNYTHUKE, MONE3HOW Harpyske 1 TeKyLL,eM NOOXEHUN OPOUTBHI
n3 CYC/ n (B OTHOLIEHNN OPOUTBI TOIbKO) C APYTNX CTAHLMUI, N3MEPSIOLLUX AAaTbHOCTb;



INMABA 2. MTPUHUWNTbI HABTKOAEHWA 3EM/TN M3 KOCMOCA 55

b) cbop TpeboBaHN kK KOHDUTYpPaLMK NONE3HOM HArpy3kKn, N1aHNPOBAHNIO
nocnefoBaTe/IbHOCTN U3MEPEHNI, NOCTYNAIOLWMX U3 LLeHTPOoB 06paboTkM 1 apxmBaLLum
AaHHbIX U OT APYTUX NOJb30BaTesieN, yNmoNTHOMOYEHHbIX Ha BHECEHME 3a4aHNiA B N1aH
nosieTa CNyTHUKa;

C) aHanu3 nHdopmaLmn 0 CNyTHUKE, MOSIE3HOWN Harpy3Ke U COCTOSHUN OPOUTHI, a Takxe
Tpe6oBaHUIA K KOHUIypaLMn NONE3HOM Harpy3ku/nporpaMmMbl NoseTa; NOAroToBKa
OTYETOB MOHUTOPMHIra paboToCnoco6HOCTM NPUBOPOB; pa3paboTka NaaHa onepaummn
n nepegaya komaHza B CYC/[, ansa nx panpHenwen nepegayn Ha CNyTHUK;

d) npepocrtaBieHne B LeHTPbl 06PaboTKM U apXMBALLUKN AAHHBIX AOMONHUTENIbHOW
nHpopmMauum, kotTopas kacaetcd o6paboTkM AaHHbIX U Gbla MONyYeHa B X0Ae
AeATeIbHOCTM NO yNpaB/eHMIo onepaLunsMm, NoJe3HON Harpy3kom nam NporpaMmmMon
noneta (Bk/to4as TO4HOE onpeaeneHne opouThl, U3SMEHEHWNS B OPUEHTALLUM CyTHUKA
N COCTOSIHUM NONIE3HOM Harpy3Kku).

LleHTpbl ynpaB/ieHNs noseTamu TECHO CBA3aHbl C MOAb30BaTENSAMU, LLleHTPamMu NpakTU4eckoro
NPUMEHEHNA 1 HayYHbIMK konsiekTnBamMu. LIY T TecHo cBsasaHbl ¢ CYC/[ v nogpasaeneHnsamu,
OTBeYaloLL MMM 3a pa3paboTKy CnyTHMKa. B nx pacnopseHnmn Takxke nMmeeTca BCs HeobxoaMMasn
nHpopmaumnsa o6 0cobeHHOCTAX NpoeKTa CMyTHMKA. DTV ABa LleHTpa 4aCTo COBMELL,EHbI, XOTS 1
He 0653aTe/IbHO, 1 MO BO3MOXHOCTU MMEIOT MOAAEP>KKY CO CTOPOHbI PE3ePBHOrO LIeHTPa.

23.23 Llenmpeol 06pa6omku u apxueayuu OAHHbIX
3TN KOMNOHEHTHLI OTBEYAIOT 3a:

a) npuem reomsnyecknx, KaTMO6POBOYHbIX N BbIBOPOYHbIX JOMNONHUTENbHbIX
AaHHbIX oT CYC/,;

b) npuem gononHUTeNbHbIX AaHHbIX 06 OPOUTE, CMYTHUKE U NONE3HOW Harpy3ke ot LIYTT;

Q) MOHWUTOPWHT KanMb6pOoBKN MPUOOPOB M BbIMOJIHEHME B3aMHOW KanMbpOBKK, MO Mepe
HeobxoaAMMOCTU;

d) co3paHue 1M KOHTPOJb KavyecTBa PasINYHON NPOoAYyKLMY;
€) apxvMBUpPOBaHWe BCe NPOAYKLUK;
f)  pacnpocTpaHeHune BbIGOPOYHON NpoAyKLUY;

g) aHa/in3 nporpamMmebl noJjieta N COCToAHUA noJsiesHomn Harpysku, n Tpe6OBaHVIl7I
K MJ1aHNPOBAHUIO NMPOrpamMmsbl NoJieTa,;

h) nepepayva B LLYI Tpe6oBaHUIA, OTHOCALLUMXCA K MOJIE3HON Harpy3Ke 1 ynpasaeHuio
nporpamMMomn noneTa.

Co3paHveM OCHOBHbIX BUAOB MPOAYKLUN 0ObIYHO 3aHMMaEeTCs CNYTHUKOBBI onepaTop
B LLeHTpaJIbHOM y4pexAeHnu. BHellHMe cneunmanm3npoBaHHble LLEHTPbI MOTYT AONOJTHATbL 3TU
BMAbI NPOAYKLMU NyTemM 06paboTKM MPOYMX BUAOB KOHKPETHOM NPOAYKL UK.

ApxuBaLmsa CNyTHUKOBbIX AaHHbIX TpebyeT noaAep>KaHNa BbICOKUX YPOBHEN AOCTYMHOCTH
annapartHoro obecrneyeHns AN BHeceHUs, 06paboTKN U XPaHEHUA AAHHbIX, @ Takxke ycayr
o6Hapy>KeHUs 1 U3BJeYEHUS, MPY 3TOM JO/KHa ObITb MPeayCcMOTPeHa BO3MOXHOCTb
[AONTOBPEMEHHOIO COXPaHEeHNA AaHHbIX Ha NPOTAXEHUN AeCATUAETUN. [JaHHble f0KHBbI
6bITb CBA3aHbI C COOTBETCTBYIOLLMMU MeTaaHHbIMK, COAepP>KaLLMMU BCIO MHMOPMaLMIo,
Heo6XoANMYIO AN18 UCMONb30BaHMA U OLLEHKM AaHHbIX. [TonHble, CTaHAAPTU3NPOBaHHbIE
MeTajaHHble, a Takxke CTaHAapTU3MpPOBaHHble U (PYHKLMOHANbHO COBMECTUMbIE B MUPOBOM
MacluTabe CMCTeMbl KaTanoroB MO3BOMAIOT PACLLUMPUTb BO3MOXHOCTU NONCKA AaHHbIX

[0 BceMupHoro macwTaba B pamkax MiHdopmaumoHHoli cnctemsl BMO.
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23.24 PacnpocmpaHeHue OaHHbIX U npodyKyuu

B 3aBMcMMocCTM OT 06bEMOB AaHHbIX U Tpe6OBaHI/II7I onepaTtnBHOCTU VIHCIZ)OpMaLI,VIVI CyLLecTBYyOT
HECKOJ/IbKO METOAOB MOJly4eHNA AO0CTYMa K AaHHbIM U MPpoAYKUNN:

a) [MNpsamoe nonyyeHue gaHHbIX CO CNyTHUKA (KOrAa eCTb Takas BO3MOXHOCTb, 0CO6EHHO
B C/lyYae C HU3KOOpOUTanbHbIMU CNYTHUKaMK). ITo obecneymBaeT HauayyLlyto
onepaTUBHOCTb, HO NpeAnonaraeT CNOCO6HOCTb TEXHUYECKUX CPEACTB NoJyYaTb
HeobpaboTaHHbIe JaHHble HAa COOTBETCTBYOLLEN CTaHLUKW Npuema n obecneynsaTtb UX
npeasapuTeibHyto 06paboTKy NpM NOMOLLM COOTBETCTBYIOLLLErO NakeTa NPOrpaMMHOro
obecneyeHus.

b) TloBTopHad nepepaya AaHHbIX CO CMYTHMKA B pexunme BpeMeHu, 611M3KOM K peasiHOMY,
nocne npeasapuTeNbHON UM NONHON 06paboTkM Ha 3eme. [1ns CNyTHUKOB,
Haxoaawmxca Ha [CO, peTpaHCAALMA MOXET OCYLLECTBIATLCA TEM Xe CaMbIM CMYTHUKOM.
CeroaHs peTpaHcaaLma yCrnelHee BCero OCyLLeCTBAAETCS MO KaHasiaM KOMMepPYeCKnx
CNyTHUKOB TesiecBA3u, Takmx kak cnctema GEONETCast, koTopas cocTouT ns3 Tpex
CKOOPANHUPOBAHHbIX 06CNyXMBaOLWNX cCepBUCHBIX LLeHTpoB: EUMETCast (EBponeinckoii
opraHusaumnmn no akcnayaTtaunmn Mmeteoponorndeckux cnytHmkos), CMACast (Kutanckoro
meTeoponornyeckoro ynpasneHusa) n GEONETCast-Americas (HYOA). AMA cogepxut
MHOTrOo(YHKLMOHANbHbIN TPaHCMOPTHLIN cnyTHMK Himawari-Cast. lNpu ncnonb3osaxHuu
Takoro NoAxoza ycsyru no paccbiiike MoryT 6bITb ONTUMU3MPOBAHbI B pamMKax Ha3eMHOro
CerMeHTa C y4eTOM Pa3/IN4HbIX CYLLLECTBYIOLLNX MPOrpamMm 1 MCTOYHUKOB NPOAYKLNY,
HEe3aBUCMMO OT MPOEKTHbIX OFPAHUYEHNN NHO6Or0 KOHKPETHOro CMyTHUKA.

C) HOBTOpHaﬂ nepenada AaHHbIX CO CMYTHUKA B peXnMe BpeMeHN, 6/1M3KOM K peanbHOMY,
Hepes cneumaanmdnpoBaHHbi€ CETU, TAKUE KakK nob6anbHas cnctema tenecssisn BMO.

d) PacnpOCTpaHeHme OaHHbIX aBTOPU30BAaHHbIMUK OMEPATUBHBIMU MOJ1Ib30BAaTENAMU B PEXUME,
6/1M3KOM K peasbHOMY BPEMEHU, N3 LEHTPOB O6pa6OTKl/I AaHHbIX.

e) LleHTpbl 06paboTkM AaHHbIX B 3MOXY «60/IbLUNX AAHHbBIX» Tak)Ke CNOCOOHbI
nepenasaTtb A@aHHble B peasibHOM BpeMeHM B 06/1a4Hble BbIYMCUTENbHBIE CYXObI 414
[ONONHUTENbHOM 06paboTKM, apXMBUPOBAHMA 1 MONCKA MPOAYKLNMM COOBLLLECTBOM
nonb3oBatesiel. [locTaBLWMKN 061a4YHbIX YC/Tyr o6ecneymBaoT NPSAMYI0 KOMMNbIOTEPHYO
06paboTky AaHHbIX 6€3 He06XOANMOCTHM X Aa/IbHENLLEro PacnpoCTPaHeHNS, MPU 3TOM
JaHHble cTaHOBATCS 60/1ee AOCTYMHbIMU.

f) AKTUBHbI MOUCK OaHHbIX HE B p€a/ibHOM MacliTabe BpeMEHN C NCNOJIb30BaHNEM quHKLI,MVI
noucka gaHHbix FTP n3 LEHTPOB AaHHbIX, 0COo6€eHHO U3 dPXnBOB.

PacnpocTpaHeHuWe AaHHbIX U NPOAYKLUN MOXET pernaMeHTUpPOoBaTbCa onpeaenEHHbIMA
YC/I0BMSIMM, B 3aBUCUMOCTM OT CTaTyca M NOANTUKM B 06/1aCTU AaHHbIX KOCMUYECKOro areHTCTBa,
oTBevatoLLero 3a nporpammy (onepatusHyto, HOKP n kommepueckyto), a Takxe OT xapakTepa
NX Mcnonb3oBaHms. [locTyn K yc/iyram NoBTOPHOW nepefaym AaHHbIXx 0ObI4HO 3alimMdpoBaH

n TpebyeTcs peructpaums, axe ecaun onaarta 3a 3To He B3biIMaeTcs.

2.3.25 lMpunumarowue cmaHyuu nosvsoeamerneii

ﬂ,)’lﬂ TOro, 4yTO6LI HOoNEe ycnewHo ncnosib3oBaTtb nepegady AaHHbIX CO CNYTHUKOB B peXnme
PeasibHOro BpeEMEHU UIn 611M3KOM K peasibHOMY BpPEMEHU, CO34al0TCA CTaHUNN nosib3oBaTenen.
B 3aBucmumocTu ot OOCTYNHOCTU CNYTHWKaA N I'IOTpe6HOCTeVI nosib3oBaTenen 371o MOryT ObIThb:

a)  CTaHLWM BbICOKOCKOPOCTHOIO Npuema aHHbIX A5 NosyvYeHus Bcein nudopmaumm,
KOTOpas MOxeT ObITb NPeAoCTaB/IeHa B OTKPbITOM AOCTYME UK NO COralleHuto
C BNagenbLeM CnyTHUKa;

b) CTaHUNWN HN3KOCKOPOCTHOTO npremMa AaHHbIX A1 0T6opa AaHHbIX, UMEKLWNX MEHbLLNN
obbem unn 6onee HU3KOE Ka4yecCTBoO,
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C) nNpUHMMaloLMe TepMUHaNbl KOMMEPYECKUX CNYTHUKOB TeNECBSA3M, UCNOJIb3yeMble 415
pacnpocTpaHeHns AaHHbIX NOC/e NpeaBapuTebHOM 06paboTkn UM 06paboTKK B LLEHTPe
06paboTKN 1 apX1UBaLMN AAaHHbIX.

YacToTbl, KOTOPbIE MCNO/b3YIOTCSA CTaHLUUAMM BbICOKOCKOPOCTHOTO NPMeMa AaHHbIX, nexat

B X-Anana3oHe (okono 8 L), KOTOpbIN NCNO/b3yeTCa 419 CKOPOCTeN nepejaym AaHHbIX

10 100 M6uT/c. CTaHULMM HU3KOCKOPOCTHOTO Npuema AaHHbIX NCNO/b3y T OTHOCUTENIbHO
Hu3kme vacTtoTbl (L-ananasoH: okono 1 800 MIy ana ICO). TepMuHanbl KOMMeEPYECKNX
CMYTHWKOB TE€NECBA3M NUCNonb3ytoT K -ananasoH (okono 11 My) nan C-amnanasoH (okono 3,8 Mu).

2.3.2.6 YpoeHu o6pa6omku npodykyuu

Pe3ynbTaTbhl CNyTHWUKOBbLIX HA61OAEHM U3BIEKAOT N3 HeO6pabOTaHHbIX AAaHHbIX, NOYYEHHbIX
npv NOMoLLKM NPUBGOPOB, HAa OCHOBE NCMOJIb30BaHMA LLenovkn o6paboTkn gaHHbIX. O6bIYHO
AN 0603HaYeHMA NCNOJb3YIOT Pas3/iNyHble ypOBHU 06paboTKn AaHHbIX, KOHKPETHbIe
(popMynMpPOBKM KOTOPbIX 3aBUCAT OT paccMaTpuBaemoro npuéopa. B tabnuue 2.11
npeacTasneHo obLiee onvcaHne 3Tux yposHel 06paboTkn AaHHBbIX.

YposeHb 0. O6paboTka AaHHbIX OCYLLLECTBASETCSA U3 NOTOKa HeoO6paboTaHHbIX AaHHbIX MyTEM
yaaneHus aptedakToB CBA3M (TakUX Kak Kaapbl CUHXPOHU3ALMN U 3aros10BKN COOBLLLEHNI)

1 fobaBsieHNs BCcex He06X0AUMbIX BCMOMOraTe/bHbIX JaHHbIX, BK/0Yas MHdopmMaLmio

0 NpoBepKe COCTOAHUSA CUCTEM U NPUBOPOB N MHDOpPMaLMIo, L06aBIEHHYIO CTaHL el

0 BpeMeHU 1 cnexeHnun. JaHHble ypoBHs 0 noanexaT 4ONTOBPEMEHHOM apXmMBaLLUmM A8 TOTO,
4TOO6bI 6bl/1a BO3MOXHOCTb MOBTOPHOM 06paboTKM C NCNob3oBaHneM 60Jiee COBEPLUEHHOMN
mMoaenu npubopa (k npumepy, yny4eHne kanmbpoBKU Uan reorpadpmnyeckon NnpuBasKkn).

YposHu 1a unu 1.0. flaHHble NnpeacTaBnsAtoT cobon npubopHble danbl (3HaYeHUs cyeTa)

B MICXOA4HOM BU/e, NOJy4eHHOM Npn6OpPOM, C NPUIOXEHHON (HO 6€3 NpUMeHeHUS)
AeopMaLMOHHON MaTPULLEN UK aITOPUTMOM A8 reorpadryeckort MpuBA3KK, a TakxKe

C KanMbpoBoYHbIMK KO3 duumneHTamm. Mpouecc ¢ yposHs 0 o ypoBHA 1a/1.0 nonHoCTbIO
o6paTtumblii. laHHble ypoBHS 1a/1.0 06bI4HO NoanexaTt A0/ITOBPEMEHHON apXMBaLMK, XOTS

B MPUHLMME OHW MOTYT 6bITb BOCMPOU3BEAEHbI, €CNU AaHHble YPOBHA 0 6b1/IN 3aapXMBUPOBaHHbI.

YposHu 1b unu 1.5. laHHble COCTOAT U3 OTKANIMOGPOBaHHbIX, COBMECTHO 3apPerncTpupoBaHHbIX
[laHHbIX C onpeaesieHneM reorpadmnyeckoro MecTonosioxkeHus B pusmyecknx eamHuLLax
(06bIYHO MHTEHCUBHOCTb U3YH€EHUS), NO-NPEXHEMY B UCXOAHOM BUAE, NOJTyHEHHOM
npubopoM. Mpouecc ot yposHa 1a/1.0 no yposHs 1b/1.5 He aBnsieTca o6paTUMbIM M3-3a

Ta6bnuua 2.11. O6uan xapakTepucTuKa ypoBHel o6paboTkn faHHbIX (TpebyeTcsa aganTawms
K KOHKpeTHOMy npu6opy)

Yposersb OnucaHue

[aHHble npubopa nan AONONHUTE bHbIE AaHHble, BOCCTAHOBNEHHbIE U3 HeOOpabOoTaHHbIX

0
CNYTHUKOBBIX AaHHbIX NOC/1e yaa/leHUs apTeq)aKTOB CBA3N.

1a (ansa HOO) nnun 1,0 (ana FCO): maTepuranbl KanMbpoBKU
M onpegeneHvie MeCTOMNONIOXEHUS NPUKIaAbIBAOTCS,

[anHble npnbopa

M3B/I€YEHHbI,

1 C NOJTHBIM UCXOAHbIM HO HE NPUMEHAIOTCA.
pa3speLueHnemM 1b (ansa HOO) nnun 1,5 (ana rCO): kanmbposka 1 onpeaesieHne
1 Hopmaumei MeCTOMOIOKEHUS MPUMEHSIOTCS.

0 KannbpoBske.

1c, 1d, U T. A.: N0 BLIGOPY A151 KOHKPETHBIX NPUOOPOB.

2 lfeodursnyeckas npoayKLMs, NONy4YeHHas OT OAHOro Npuéopa B UCXOAHON NPOEKL MU,

lfeodmsnyeckas npoaykuLmMsa OT ogHOro npubopa, otobpaxaemas B paBHOMEPHOM
NpoCTpaHCTBe K MacluTabax BPeMEHHbIX OTCHETOB U, N0 BO3MOXHOCTU, MOJTy4YeHHas

3
Ha Heckosibknx opbutax (ans HOO) nnun ana pasnnyHbix BpemeHHbix nepuogos (ans CO).
HeobpaTtumblli npouecc BCieaCcTBME NpoLeayp NOBTOPHOW BbIGOPKM.

4 CMellaHHas NpoayKUUs HECKONbKUX AaTYUKOB U/UAWU HECKOIbKMUX CMYTHUKOB, UK

pe3ynbTat MOAE/NIbHOIO aHanu3a.
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yceyeHusa, ANCKPeTM3aLmm 1 NOBTOPHON BbIGOPKUM. XOTa ypoBeHb 1b/1.5 MoxeT B Nto60M
cnyyae 6bITb NonyyeH o6paboTkoi U3 yposHs 1a/1.0 unmn yposHsa 0, pabota no o6paboTke CTO/b
3Ha4yuTe bHa, YTO B OCHOBHOM AaHHble ypoBHs 1b/1.5 noanexart 4oNroBpemMeHHON apxusaLun.

YposeHsb 1c. laHHble o6pabaTbiBaloTCA U3 AaHHbIX YPOBHSA 1b onpeaenéHHbix npubopos Ans
TOro, 4T06bl MO3BO/INTL UX UCMO/Ib30BaHNE KOHEYHbIMM NoJIb30BaTeNAMuU. [poLiecc MoxeT 6biTb
NOMHOCTbIO 06pPaTUMbIM (HanpuMep cnekTpbl MHTepdeporpamm Pypbe-npeobpasoBaHuns) Unm
B TO ke BpeMs HeT (Hanpumep anoAn3npoBaHHble cnekTpbl). Kak npaBmno, ocyLecTBaseTcs
[ONroBpemMeHHas apxuBaLuma. 114 HekoTopbix NPMOGOPOB MOTYT ObITb ONpeAeneHbl
pononHutensHble warn yposHsa 1 (1d, Te n T. n.) (Hanpumep gobaBneHne meTkn obnaka).

O6pabomka 0aHHbIX yposHs 0 U yposHs 1 oCyLLLeCTBASETCS CNYTHUKOBbLIM ONepaToOpPOM.

B cnyyae npsiMOro cHMTbIBaHWUS CMYTHUKOBBIV onepaTop 06bI4HO ob6ecneynBaeT JOCTYMHOCTb
npeA-npoLecCMHIoOBOro NnporpaMMHoro obecnevyeHunst ypoBHs O 1 ypoBHS 1 A5 IoKanbHbIX
Nno/sib30BaTe/NeN AaHHbIX.

[Mpodykuyus yposHs 2 reHepupyeTcs U3 flaHHbIX ypOoBHS 1 nyTeM NpUMeHEHUs airopuTMOB

C OrpaHMYeHHbIM UCMOJIb30BaHMEM BHellHen nHdopmaumn. MHpopmMaumsa o kayecTse JaHHbIX
npeaocTaBAseTCs AONONHUTENbHO. DTa NPOAYKLNSA reHEePUPYeTCs B UCXOAHOM NPOoeKLLUN,
nony4yeHHO NpMbOPOM, 1 06bIYHO MNOAJIEXUT JONTOBPEMEHHOW apXuUBaLmu.

[Mpodykyus yposHsi 3 reHepUpyeTCs NyTemM COCTaB/e€HMS NOC/ef0BaTe/IbHOCTU U3 NPOAYKL MU
YPOBHA 2 c nocsiegosatenbHbix opout (npyu HOO) nnu ang nocnegosaTelbHbIX MOMEHTOB
BpemeHn (npu NCO). BosMoxHbie npo6enbl B NOC/Ie40BaTe/IbHOCTU MOTYT ObITb 3aMO/IHEHbI
nHTepnonsaumnen. Bcneacrtene npoueayp NOBTOPHOM BbIGOPKM, BbITEKAIOLLEN N3 KAPTUPOBAHMUA
B O4HOPOAHOM MPOCTPaHCTBE U BPEMEHHbIX CETKAX, YPOBEHb 3 ABASETCA Heo6paTUMbIM
npoueccom. NpoayKkuma reHepupyeTcs He B peasibHOM BPEMEeHU CNYTHUKOBBIMM OofepaTopamu
WU KOHEYHBbIMW MOJIb30BaTeNAMM; OHa OO6bIYHO NOAJIEXUT 4ONTOBPEMEHHON apxnBaLmnn.

[Mpodykuyus yposHs 4 cozpaeTca nyteM o6beANHEHNSA AaHHbIX OT Pa3IMYHbIX NPUOGOPOB OAHOr0
VAN Pa3INYHBIX CMYTHUKOB, TM60 OT APYTMX NCTOYHUKOB AaHHbIX, WIN NyTEM YCBOEHUS

B MoAenun. B npoaykumu ypoBHA 4 BkNaj OTAENbHO B3ATOrO CNyTHUKOBOTO Nprbopa MoxXeT 6biTb
TPYAHO pacno3HaBaem.
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