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NMPEAVUCAOBUE

B nocnennee necarunetve ans Poccuu BaxxHOe 3HaYeHUe MpUOOpe-
JIM CMTYTHUKOBBIE METOB HCCAENOBAHUSE C€ TEPPUTOPUM. DTO CBI3aHO KaK
¢ JanbHEALIUM COBEPHICHCTBOBAHUEM KOCMUMECKOM TEXHUKH, TaK U CO
CBCPTBIBAHNWEM aBUALIMOHHBIX M HA3EMHbBIX MCTOA0B MOHUTOPUHTA. OcobeH-
HO 00AbLIOE 3HAYEHUE CITYTHUKOBBIE METO/bI UMCIOT AAs CeBepa CTpaHbl
M a3MATCKOI €€ YacTH.

OcHoBHble 06/1aCTH NPUMEHEHUS CMYTHUKOBOTO ANCTAHUHMOHHOTO 30H-
JIMPOBaHUsE — MNoslyYeHUEe UHPOPMALIMU O COCTOSIHUMN OKPYXKAIOLICH Cpebl
M 3eMJIENO0b30BAHWN, U3YYEHUE PACTUTENIbHBIX COOOIIECTB, OUEHKA YPOXKast
CCJILCKOXO0351CTBEHHbBIX KYJBTYP, OLIEHKA MOCNEACTBMU CTUXWUIAHBIX Oei-
CTBU: HABONHEHUN, 3eMNIETPSICEHHt, M3BEPXKCHUIT BYTKAHOB, NECHDBIX
1oxapo. CpeACTBa AMCTAHLMOHHOIO 30HINPOBAHUS IPPEKTUBHBI IPH
M3YyYEeHUU 3arpsi3HEHUsE MOUBBI U BOAOEMOB, JIbIOB Ha CylIE W Ha Bo/le,
1§ OKEAHOJOTHH. DTU CPEACTBA [TO3BOJIAIOT MOAYUYATh CBEACHHUS O COCTOSIHUU
arMocepbl, B TOM UMcie B r1odaibHoM Macitade. JlaHHbIC 30HAUPOBAHKSI
11OCTYNAIOT B BYAE M300paXeHH, Kak npasulo, B Mg poBoii popme, 0bpa-
6orka segercs Ha OBM, moatomy npobieMaTika AUCTAHLIMOHHOI'O 30H M-
POBAHUS TECHO CBsi3aHa ¢ LM(PPOBOIt 0OpadOTKOI N300paxXeHUl.

K coxaneHMio, B HACTOsIIUCE BpEeMS OLLYILIAETCsl HEXBaTKa HayuHOMH
M METOANYECKOH IUTEepaTyphl MO YKa3aHHLIM BOITpOcaM. DTOT BAKYYM MOT-
/it 6bl BOCTIONIHUTD T1€PEBOABI MHOTOUMCAEHHbBIX 3apyDEKHbIX MOHOTpapU it
¥ y4eOHbIX NOCOGUH, OAHAKO, BO-TIEPBBIX, TAKUX MEPEBOAOB MPAKTUUECCKH
HET, a BO~-BTOPbIX, B 32pYOEXHBIX U31aHUSAX HE OTpaXeHa poccuiickas cre-
nndurka. DM NpuyYrHbLl ¥ oOYyAMAM aBTOPOB HaMwcaTb NpeilaracMyio
KHUTY.

Yye6Hoe nocobue noJAroToBjaeH0 Ha OCHOBE KOHCIEKTOB JIeKLIUH, Uuu-~
TAEMbIX ABTOPAMM, C UCNOJIb30BAHMEM MATEPUAIOB NMPaKTUUECKUX 3aHS-
‘T cTyaeHToB KpacHOsIpcKOro rocynapcTBEHHOTO TEXHMYECKOro YHUBED-
cuteTa (cneuranbHoctu 071903 «TeonHdopMailinoHHbie cucTeMbl», 320700
«3allUTa OKpYyXalollei cpeabl U pauUOHATbHOE NPUPOAOTIONL30BAHUE»)
1 KpacHospckoro rocyaapCcTBeHHOro yHuBepcuTeta (crieuransHocTb 010400
«®usukar). Ipu aToM yuteH onbIT pabotsl cTaniimn HRPT npuema undop-
Malll¥ CO COYTHUKOB AMCTAHLIMOHHOTO 30HAMpoBaHns 3emun NOAA, ne-
penanHsblx Poccuiickoii akagemny Hayk HaunonanbHoH anMuuucTpaureit
CLUA no aspoHaBTHKE U UCCACAOBAHHUIO KOCMHYECKOTO NPOCTPAHCTBA
(NASA) B peaysibraTe MeXIpaBUTENLCTBEHHOTO corianleHns mexay Poceu-
cit 1 CHIA. [Ipyu 3TOM UCKITIOUUTENBHO BaXXHYIO POJb CHITPATH aKaAEMHUK
A.C. Ucaes (MexayHapoaHblit MHCTUTYT heca, MockBsa) v noktop P. Mep-
({u (NASA). YcraHosneHHasi B 1994 . B Uucruryre neca CO PAH um.

5



B.H. CykaueBa (KpacHosipck) ctanumnst HRI'l no ¢poeMy TeXHHHECKOMY
M NPOrpaMMHOMY OCHALLCHHUIO SABASICTCS yiunkautbiioil i Poceinin i crpan
CHI Exe/IHeBHO NPOU3BOAMTCS [IPUEM UEIOPMILLIE ¢ HECKOMLR X CHYT-
HUKOB NOAA, HakoTIEH OOLIMPHbBINA apXuBs CHY HIIHKOBLIX JliHHBIX 0 CHOU-
pH. POCCMHCKUM KOJIEKTUBOM COTPYAHMKOB CTAHIIN HPH YHIC T aCTu-
paHToB U cTyacHTOB KI'Y 1 KI'TY paspabortatint opi e MetojIMkKu
M [IPOTPAMMHbIE NPOLYKTDI.

Inasa | Hanucana coBmecTHO B.b. Kaikuiibim 1 A K. Cyxununnim; raa-
Bbl 2,4 — B.b. KamikurbiM; §5.1-5.7 — AU, Cyxunmiinm, §5.8 — AU, Cy-
XMHUHBLIM U A.B. YepenaHosbiM, ocTanbHoe — B.b. Kakuniivim.



1. KOCMUYECKUE CPEACTBA KOHTPOAA
OKPY)XAIOWEN CPEAbI

1.1. OBIIASA XAPAKTEPUCTUKA AUCTAHLIMOHHbLIX METOAOB

Ang HaGnoaecHUA 3eMIU U3 KOCMOCA UCIMOAb3YIOT AMCTAHLMOHHbIE ME-
TOIlbl; UCCIENOBATE b MMEET BO3MOXHOCTb Ha PacCTOSTHUM NoNyyaTh MHop-
Maumio 06 uzyyaeMom o0bekTe, JAHCTaAHUMOHHBIE METONBI, KaK NPaBUJIIO, B-
JIIOTCA KOCBEHHbIMU, T.€. C UX MOMOILbIO U3MEPSIIOT HE UHTEPECYIOUINE
Hac napameTpbl OObEKTOB, 3 HEKOTOPbIE CBSI3aHHbIE C HUMU BEJUUMHBI.
Hanpumep, HaM HEODXOAMMO OLICHUTb COCTOSIHHIE CEJIbCKOX03MCTBEHHbIX
nocesoB. Ho annapatypa cnyTHUKa perucTpupyeT JIUillb UHTEHCUBHOCTD CBE-
TOBOTO MOTOKA OT 3TUX OGBEKTOB B HECKOJIbKMX Y4acTKax ONTHUECKOro Au1-
anasoHa. YTobb! «paciin(poBaTh» TaKMe AaHHbI, TPeOYIOTCS NpeaBapUTeSib-
Hble UCCEL0BaHHU, BKIOUAIOLIME B c€0s pa3IMUHbIC 3KCIICPUMEHTH! MO
M3YYEHHUIO COCTOSIHWSE PACTEHWUIA KOHTAKTHBIMHU METOAAMMU; TIO U3YUEHUIO OT-
paxaTe/ibHOM CNOCODHOCTH AUCTLEB B PA3IMUHBIX yUACTKaX CIIEKTPa U NpU
pasiMuHOM B3aMMHOM PacnofioXeHWU uetouHuka ceera (ConHua), TMcThb-
€B ¥ U3MepuTesibHOro npyubopa. [lanee HeOBX0AMMO OMpPENLIUTL, KAK Bbl-
TASAASIT T€ Ke OOBEKThI € CaMOoIeTa, W JINLD TTOCAE 3TOro CyAUThL O COCTOsI-
HWUM MOCEBOB M0 CIIYTHUKOBBLIM TAHHBIM.

MeToabl u3yueHus 3eMIH U3 KOCMOCA HE CJIYHYaitHO OTHOCSIT K BbICOKUM
TEXHOAOTUSAM. DTC CBA3AHO HE TONLKO C UCMOJIb30BAHUEM DAKETHOH! TEXHM -
KH, CJTOXHBIX ON'TUKO-371eKTPOHHBIX TPUOOPOB, KOMIMBIOTEPOB, HO U C HO-
BbIM NOAXOAOM K MOJIYYEHUIO U MHTEPIPETALIMY PE3YIBTATOB U3MEPEHUMA.
M xota TpyaoemkHe NOACHYTHUKOBbBIE HCCENOBAHNS TPOBOASTCS Ha He-
60JIbLIOM NAOIAAN, OHU NAI0T BO3MOXHOCTbL 06001UaTh AaHHbIC HA OFPOM-
Hble MTPOCTPaHCTBA M aXe Ha BeCch 3eMHOMH Lap. LinpoTra oxBara siBasercst
XapaKTepHO YepToit CrlyTHHKOBbIX METOIOB HccaenoBaHHUst 3emmi. K to-
MY K€ 3TH METO[bl, KaK MPaBUIO, MO3BOASIIOT NONYYaTh PE3yAbTaT 3a CPaB-
HUTENBHO KOPOTKUI MHTepBaj BpeMeHu. B HacTosiuiee Bpemst anst Cubupu
¢ ee OeCKpaiftHUMM TPOCTOPaMHU CITYTHUKOBBIC METORbI CAMHCTBEHHO MPpU-
eMJIEMBI,

Tpumepsl nzodpaxenuit 3emin U3 KocMoca NpeacTaBieHsb Ha puc. 1.1
ul.2

K uucny ocobeHHoOCTe! IMCTAaHLIMOHHBIX METOIOB OTHOCUTCS BIUSIHUE
cpenbl (aTMochepbl), Yepe3 KOTOPYIO NMPOXOAUT CUTHaN co cnyTHMKA. Cambiid
MPOCTOM NPUMEP TAKOI'O BAUSHUS — HaTW4YMe 001auHOCTH, 3aKpbiBaloileit
MHTEpecyloulre o6 bEKT U AeNalolie HEBO3MOXHBIM HabM01CHHUS B OITTH-
YecKoM ananasone. OAHaKo ¥ IPU OTCYTCTBUY o0nadHocTH atMocdepa oc- -



Puc. 1.1. U3obpaxerike o3epa baiikan co cnytuinka NOAA (paspeuserne 1,1 kM)
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Puc.'§2. Mecto snanenust p. Cenetru B osepo Baltkan (paspeuienne 45 m)



JabasieT U3nyyeHme ot 00bekTa, 0COOEHHO B N0J1I0CaX NOTIOEH N COCTaB-
asolux ee razos. [Tostomy npnxoanTtces paboTath B Tak HasbiBaeMbIX OK-
Hax npo3pauyHoOCTH, YUUTHIBASI, YTO M B HUX UMEIOT MECTO IOTN0IEHNE
Y paccesiHre WaNyyeHH s ra3aMu U asposonceM. B paanonnanasoHe BO3MOX-
HO HaOnoneHNE 3eMIU U CKBO3b 00J1a4HOCTb.

HHbopmaums o 3emlie NOCTYRNAET CO CHYTHWKOB, KakK Npasujo, B LU~
hpoBOM BUJIE, 4TO TAKXKE XapaKTePHO List AMCTAHUMOHHBIX MeToa0B. Haszem-
Hast uuppoBast 06paboTKa U300paxeHuit 1popoantes Ha DBM; B HacTos-
liee BpeMs OHa OTHOCHTCH K YMCTy HauboJiee AMHAMUYHO pa3BUBAIOWIXCS
MHGOPMALIMOHHLIX TEXHONOTUI, TIPUMEHSIEMbIX B POGOTOTEXHUKE, MOJUTpa-
vy, MearunHe, GU3NUCCKOM MATEPUATOBEACHUH U T.A.

CoBpeMEHHbIE CMYTHUKOBLIC METObI MO3BOJISHIOT HE TOILKO MOIYYaTh
nzobpaxeHue 3emnu. Mcnosb3yd YyBCTBUTENbHBIE NPUOOPSI, yaaeTcs 13-
MEPSTh KOHLIEHTPALMIO aTMOCMHEPHBIX Ta30B, B TOM YUCAE Bbi3biBAIOLLMX
napHUKoBbI# 2 dekT. CrnyTHUK «MeTeop-3» ¢ YCTAHOBAECHHBIM HA HEM
npubopom TOMS no3BOISIN 332 CYTKM OLIEHUTH COCTOS HUE BCETO O30HOBO-
ro cnost 3eman. CrnyTHUK NOAA KpoMe noayueHust U3o6paxeHui nosepx-
HOCTH JAeT BO3MOXKHOCTh MCCAEAOBATL O30HOBBIA CAOH M naxe U3y4aTb
BEPTUKAIBHBIE MPOdUIN NapaMeTPoB aTMocdepsl (aBNeHUe, TeMnepary-
PY, BJAXHOCTh HA PA3HBIX BHICGTAX B COTHSIX TOUEK B noJoce 0630pa).

JucTaHUMOHHbIE METONBI ACASIT Ha aKTUBHBIE U naccuBHbie, Ilpu uc-
M0/1b30BAHUH aKTHUBHbIX METOAOB CNYTHUK MOCHUTAET Ha 3eMJII0 CHrHan
COOCTBEHHOI0 HCTOUHMKA PHEPrUM (Jlasepa, paanuoioKallMoHHOTO Tepe-
AaTiyKa), peEruCTpUpyeT ero oTpaxeHne. Pannonokalinsi No3BoaseT «BUACTb>
3eMai0 CKBO3b 0bnaKa. Yauie UCNoab3yioTCs NacCUBHBIE METO/AbI, KOraa
pPerncTpUpyercst OTpaXeHHas rnosepxHocTsio 3Heprus Connua ando Temnno-
BO€ M3IyyeHUe 3eMin.

1.2. OUIUMECKUE OCHOBBI AUCTAHUIMOHHOIO 3OHAUPOBAHUSA
1.2.1. U3AyueHue aHeprum HarpeTtbimu TeAamu

[1py AMcTaHUMOHHOM 30HAUPOBAHUM 3EMAU U3 KOCMOCA UCTIONB3YIOT-
Cs1 ONTUYECKUH AMana3oH 3JIeKTPOMAarHMUTHLIX BOIH U MUKPOBOJIHOBBI I
yyacTOK panuvonuanasoHa. Onruueckuit nnanason (puc. 1.3) BkitouaeT
B cebst yabrpaduonetoBblii (YD) yuacTok ciekTpa; BUAUMbIH yUaCTOK — CH-
Hioto (B), 3eienyio (G) v kpacHyo (R) nojocekl; nHpakpacHblit ydacTok
(UK) — onnxnnii (bUK), cpearniil v TernaoBoi.

ITpy naccMBHBIX METOdaX 30HANPOBAHMS B ONTUYECKOM AHAIa30He UC-
TOMHUKAMU 3JIEKTPOMATHHTHOMH HCPTUM ABASIOTCSI PA30TPpeThie 10 10CTa-
TOUHO BbLICOKOM TeMIMepaTypbl TBepIble, XUAKHKe, ra3oodpasHple Tea.
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Buinauiit Undpakpacniniih

vo B G R BUK | Cpenninit UK | Tenaono UK

0.1 0,38 0.5 0.6 0,76 1 15 10
JUng BoaHLL, MKM

Puc. 1.3, OnTHUccKHit ANQ1Ta30H 3eKTPOMArHUTHBIX BOJIH

[Mpu TcpMOAMHAMUYECKOM PaBHOBECHH C OKPYXalolleH cpenoi Bece Tena
€ O/IMHAKOBOM Temnepatypoit 7 U3aydyaroT OAUHAKOBO (1epBblid 3aKkoH Kupx-
roha). [1pu 9TOM aHeprust, NoriolacMasl yHacTKOM 110BCPXHOCTH B CEKYH-
1y, paBHa JHEPIruu, U31y4aeMoit B TOT e MPOMEKYTOK BPCMCHU TOW Xe Mo-
BEPXHOCTbIO (BTOPOIt 3akoH Kupxroda).

UHTEHCUBHOCTDb U3Ay4eHNs [ B 3aJaHHOM HaNpPaB/ICHUU, XapaKTepU3y-
€MOM YIJIOM O MEXIY HOPMAJIBIO M U3YYAIOLIEH MOBEPXHOCTHIO a0COMIOT-
HO YepHOro Tena, onpeaesercs 3akoHoM Jlambepra: /= [ cosa, tae Jy —
MaKCUMa/ibHasi MHTEHCHBHOCTD MajlydeHust npu o= 0; rnpu oo= 90°, T.¢. no ka-
caTeJibHOM K MOBEPXHOCTH, MHTEHCUBHOCTb U3JTyYEHUS paBHa HYJIIO.

['to popmyne TnaHka MOTOK sHEprUK, U3TYYAEMOIt B COCTOSHUN TEPMO-
JWHAMHYECKOTO PaBHOBECHS €AMHKLIEH MOBEPXHOCTH a0COMIOTHO YEPHOTO
Tesla ¢ TeMepatypoit 7 B MHTEpBaJie IIKMH BOJAH A, A + dA,

1
) (1.1
9 |
{exp XT) 1

3nech ¢;=3,7415 - 108 Br-mMkm?*/M2; ¢; = 14 388 MkM - K. MakcumyMm u3iy-
yeHMs MpuxoanTes Ha A = 2898/ T MKM.

MMonHas 3Heprys Bo BceM HHTepBAJe IVIMH BOJIH OMUCbIBaeTcs hopmy-
noi CregpaHa—bonbumana:

C
B(\, T)= x;

J'B(k, T)dh=a -T*,
0

rae a=5,67- 10-8Br-m—2- K4

Mpu HabaogeHuy 3eMIU U3 KOCMOCA MPYU AJMHE BOJIHbLI KOpOUe
2—3 MKkM peructpupyercs sHeprust ConHua, oTpaeHHasi U paccessHHas
MOBEPXHOCTBIO CYLH, BOIb U 061aKoB. TeMrepatypa MoBepXHOCTH (POTO-
chepst) Connua pagHa 5785 K, MakcMMyM naiyvyeHuns NMPUXOAMTCS Ha
0,5 MxM (puc. 1.4). O30H, B HEOOIBILIOM KOJIMYECTBE COACPXKALIMICS B aT-
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Puc. }.4. Pacnpeaenenue aneprun B cnekrpe Connua cornaco 3akony I'nanka

Mocepe, CHALHO NMOFIONIAET ONTACHO BO3ACUCTBYIOLNIEE HA XVBOTHBIN U pac-
THTEIbHBIA MUD yAbTpaduoneToBOE U3yYeHUE C AJIUHON BOJHBI Kopoye
(),3 MKM, TaK yTo npy HabatoneHun CojiHUA C MOBEPXHOCTH 3eMITU OTCYT-
CTBYET KOPOTKOBOJIHOBBII cKaT KpuBoid B(A, 7) (Ha puc. 1.4 3awiTpuxo-
san). B ocranbHoM peantbHblit cnektp CoflHLA MaJio OT/iMuaeTcs ot puc. 1.4,

a3 yenoBeka BUAMT NPEAMETHI B MHTepBaie ArH BosiH 0,38—0,76 MxMm,
MaKCHMYM YYBCTBUTEILHOCTHU NpUX0AUTCs Ha A = 0,5 MKM.

Ha BofHax nninHo#W Gosiee 4 MKM cODCTBEHHOE TEIMJIOBOE U3NydYeHUE
Jemiin npesocxonut uznyuenue ConHua. Peructpupys HHTEHCUBHOCTD TeTl -
JIOBOTO U3yUeHUs 3eMIM U3 KOCMOCA, MOXHO A0CTaTOMHO TOYHO OLEHH -
BaTh TEMTIEPATYPY CYLLIU U BOAHOM NOBEPXHOCTH, KOTOPAst SABJSICTCS BAXKHEH -
el IKOJOTHUYECKOI xapakTepucTukoi. Mamepus TeMilepatTypy BepxHei
IpaHuilbl o6nauHocTu (BIO), MOXHO onpeneiTs €€ BbICOTY, €C/IH Y4ECTb,
uTO B Tponocdepe ¢ BbICOTOM TeMIlepaTypa YMEHLIIAETCA B CpelHeM Ha
0,5 °/xMm.

Ipu perncrpaivu TenJioBOro MaaydeHus Co CyTHUKOB UCHOMb3YeTCH
WUHTEPBaJl [UIMH BOJIH 10— [4 MKM, B KOTOPOM MOIJIoLIeHHE B aTMocdepe He-
seauko. [pu Temnieparype 3eMHo# nosepxnocty (0bs1akos), papHoii —50 °C,
MaKCHMYyM M3jiydeHusl cornacHo (1.1) npuxoantest Ha 12 MM, npu +50 °C —
Ha 9 MKM,

Eciy c noMollbio AaTuMKa, yCTAHOBIEHHOTO Ha CIYTHUKE, U3MEPEH
IT0TOK 3HePruu MotiHocTH B=B (A, T) or HekoTopora o6bekTa, To u3 (1.1)
nonyvaem T = (A/c))In (¢, /AB + 1). OnpeneneHHas no MHTEHCUBHOCTH
BTennoBoro uanyucHus (panaunun) temneparypa T Ha3siBaeTcs paduayu-
OHHOU, B OTIIUYHUE OT MePMOOUHAMUYECKOU TEMIIEPATYPBl, XapaKTepU3yio-
{lieif UHTEHCHBHOCTA TETIOBOTC ABUXEHWS MONIEKYJ] BellecTBa v U3Mepsie-
MOIi KOHTaKTHBIM TepmoMeTpoM. [id abcomioTHO YepHOro Teaa o6e
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TEMMEpaTypbl COBMAAIOT, Al PEUILHBIX TE — HET, TAK KAK JUISI 1HAX BCJIW-
YrHa B cocTaBaser HCKOTOPYIO A0SO € OT MIOTHOCTH ITOTOK: MOILHOCTH, U3-
Jlydaemoit abcoJIIOTHO EPHBIM TEJIOM IIPU TOM Xe TEMIICPATYPE, € 1I0CHT Ha-
3BAHUC KOIQpuyuenma mennosoeo uziyyenus. B tennosom UK-ananasone
KO3GhUIIMCHT TCILIOBOTO U3yUeHUs Ovxe Bcero K 1, wist ojib (0,98—0,99.
Hast o0ustakos Takxke € ~ 1. ClioxHee 1ej1o 00CTOUT C MOBCPXHOCTLIO CYILIH.
3aech NposBASACTCS XapaKTeP NOBEPXHOCTH (I1aaKash WK HET), €€ YBIAXKHEH-
HOCTb M T.1. [list ¢cBexero cHera € = (0,986, st rycroi Tpasst 0,970, rinHu-
cToit nousbl 4,980, xpoiiHoro sieca 0,97. [1is1 socTaTOMHO TOUHOTO (C MorpeL-
HocTbio He bonee 0,2—0,5 K) onpeaeneHus TeMnepartypbl MOBEPXHOCTH U3
KOCMOCa HEODXOAMMO YUUTBIBATH U KOBDMULIMEHT TEMIOBOIO U3TyUYeHH s,
1 [OMIoICHHUE B aTMOcgepe.

[Mpumep onpeaeneHys TeMIepaTyphbl BOibl CO CTIYTHUKA B ITPEATNONOXKE -
HHM, YTO A1 BOAHOI MOBEPXHOCTU € = |, moka3aH Ha puc. 1.5.

Temneparypa, °C

/o

18 13 6

Puc. 1.5. Temneparypuas kapta oscpa baiikan mo nanHbiM cyTHuka NOAA-14 3a 12 nionst
1998 r.

1.2.2. OTpaXKeHue N paccesHue COAHeUHON SHepPrm NOBEPXHOCTLIO

YctaHoBecHHAs Ha CNYTHUKE annaparypa 8 BUAMMOM K Osmxkiiem MK-
MANa3oHe PETHCTPUPYET COTHEUHYIO SHEPTHUIO, OTPAKEHHYIO M PACCESIHIYIO
NIOBEPXHOCTLIO 3eMan. OTpaxaTenbHas clocobHOCTb A — 370 OTHONICHKE
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KOJUUYECTBA (MJIOTHOCTU NMOTOKA) OTPAKCHHOW U PacCesiHHOM BBEPX paau-
aunn fy K nIoTHOCTU noTtoka najaaiolle#t npsamoit pantauuu Conuvua [
A= I/1.. O6b1yHo A Bpipaxatot B % 1 roBopar 06 obiiieil otpaxareabHoM
CMOCOBHOCTH [U1S1 LUMPOKO# 001aCTH BUAMMOTO M OJIMXKHEro HH(PPaKpPacHo-
ro crnekTpa. MoxHo onpefensTs A U st OTIENIbHBIX Y4aCTKOB CICKTPA.
W Boobliie, 3HaUeHWE A 1S Pa3IUMHBIX TUNOB MOBEPXHOCTH M Pa3InYHBIX
YYACTKOB CMEKTPa — 3TO K04 K PAaCno3HaBaAHMIO feTaieit Ha CNYTHUKOBbIX
U300paxeHusix 3eMu.

Jing haeanbHO MATOBOW MOBEPXHOCTH 3aBUCUMOCTL MHT@HCHBHOCTH
pajualinm, paccessHHOM MOJ YIJIOM O K HOPMany K NOBEPXHOCTH, B TOUHO-
CTHU noAuUHseTCs 3aKoHY JlambepTa. Takylo noBepxXHOCTb UMEIOT, Hanpumep,
obnaka. st Apyrux TUNOB MOBEPXHOCTH 3aKOH JlamGepTa BLINOHSACTCA
UPUOIUXEHHO.

3HadyeHue A 3aBUCUT OT CBOICTB (B TOM YMCNE OT BIAXHOCTH) OTpaxka-
1011€{l NOBEPXHOCTH (TpaBa, JIEC, MOYBa U T.I.), OT CTIEKTpa Najatoilei pa-
JIaUHM — NpsIMOii M paccestHHOMN, oT yrna ee naseHus {, pebeda u 1.i1. Tak,
JUISL 3€JIEHOM PaCTUTENBLHOCTH, 00pa3yloLlieit XopoLlo NOorIolAoLLUKA CoH,
AMano B BUAMMOM vacTu crekTpa (okoo 5%) u Benivko B 6ivxHeil UK-06-
JJacTy. Y OroJIeHHbIX NOYB OTpaXatejibHasi CNOCOOHOCTL OYeHb Pa3IMuHa;
y noa3ona — scero 7%, y cyxoro necka B KpacHou yactu crniektpa — no 37%
(M 3aMETHO MeHbLLE Y BlaxHoro necka). ¥y pacreHuit, n y nousbl 4 oObiu- -
110 pacTeT ¢ yBeauueHnuem { (nmpu Huzkom Conutie). B 3umHem XBoWiHOM fie-
CY CHET, IEXalM MeX Iy AePEBbIMH, yBETMUMBaeT 4 1pu MajioM { v He Biu-~
$1CT HA A TIpY KOCBIX COJIHEYHbIX JTyYax.

Iins ceexero cHera A nocturaeT 98% B BUAMMBIX JIydax U rOPasao MeHb~
ime 8 MK-obaactu. ¥V cTtaporo 3epHHUCTOTO U BAAXHOIO CHETa U MOPCKOTO
abaa A=43-45%. Mpu A =1,55-1,65 MKM cHer nnoyTH yepHuiii (4 ~ 0), uro
T1IpU CMYTHUKOBBIX HAGIIOACHUSX TTO3BOJISET OTIMYATH 3aCHEXEHHbBIE Yya~
CTKM OT 061aKOB, AJIsi KOTOPBIX Ha 3TUX LTMHAX BOJNH A BENMKO.

1 MoBEpPXHOCTH BOAOEMOB B BUAMMOIL o6nactn A = 4—6% nipu ma-
Jbix { v ewte Menblte B MK-crnektpe ¢ A =0,8—1,5 MKM, HO BO3pacTaeT A0
30% w Bbllie TPy GONBIIOM YIJIe NaneH st TyUer UK NPH 3€PKATBHOM HX
otpaxeHun (€ > 60°), korna, HanpuMep, Co CTIyTHUKA BUAHA CBET/Ias 40~
POXKA CONHEYHbIX ONINKOB Ha Boac. Bonnenne ypenuuusaet A no 13%
11py Manbix § v yMeHbIuaeT — npu 601bWKUX. YacTb 0TpaXaTe bHOI CHO-
coOHOCTH (1—4%) 06ycAOBAECHA CBETOM, PACCESIHHBIM B BEPXHEM TOHKOM
CN10€ BOAHI,

CpelHee 3HaueHmue A NOBEPXHOCTH 3eMNU MeHbIte 20% B LIMPOKOM [10-
sice Mexay 55° ¢. . 1 60° 10. bi., 0coGeHHO B oKeaHMuecKuX obacTsix. Bech
roa oHo Bhite 80% B AHTapkTHKe. B ceBeproii okonononsipHoit o6nacty
1 B 001aCTH CHEXHOTO MOKPOBA, KOTOPasi 3MMOIi MECTAMH PACTIPOCTPAHS-
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eTcsl K tory 00 40° ¢. 1., OHO MeHSIETCH C CE30HOM, HO TAKXC HUINKO
(65-75%).

OrpaxarcibHasi CrocoOHOCTb 00JaKOB, HADNIOLACMBIX CBCPXY, TCM
Oonbile, ueM MoOLILHEe UX Clol. Tak, CJIoit CIOMCTLIX OOJINKOB TOJIIILKHOK
300 M umeeT 4= 59—63%.

Oco0blit MHTCPEC MPEACTABASET OTPAXATCIIbHAS CIIOCOOHOCTL pacTU-
TEJBHOIO MOKPOBA, KOTOPast ONpeaeasieTcs MUrMeHTaMit IUCTA, OCOBEHHO
xnopoduinom (puc. 1.6). B cuHeil 1 KpacHOW 001aCTsIX BUAKMOrO Axana-

8o
60
40

20

050709 1013 1.5 1.7 19 2.1 2.3 25
JI1MHA BOJHBE, MKM

OTpaxarebHast CriocobHOCTb, %

Puc. 1.6. OTpaxaTenbHas CrOCOOHOCTb AUCTLEB CON (1) M KYKypy3bi (2) ¢ ONHMHAKOBBLIM
cofaepxaHreM saaru (66—80%)

30Ha oTpaXare/bHasi CIOCOOHOCTL JIMCTA HU3KAsl U3-3a HAUYKS N10J10C N0~
rIoHIeHHs ¢ LieHTpamu npu A =0,45 u A, =0,65 Mmxm. Mexay nojocamu,
T.. B 3¢7€HOM 00JIACTU, MAKCHMYM OTPaXaTelbHOH CNOCOOHOCTH JIEXHUT
npubaunsutenbHo ripu 0,54 mxm. [Tpy 3ToM HOpManbHast, 310poBasi TMCTBa
BOCTNIPUHMUMAETCH 11a30M Kak 3efieHasi. Korga pacteHre HaXORUTCS B COCTO-
SHUM CTpecca M 0bpa3oBaHUe XJIOpodKuia yMCHbBLIACTCS, MOMIOLIEHNE
SHEPIMU B MOJ0CaX A, U A, YMEHbLIACTCA, OTpaxaTeibHasi ClOCOOHOCTD
[MOBbILLIAETCS, YTO OCOOEHHO 3aMeTHO B KpacHoii obaactu. [1oatomy pacre-
HUE KaXeTCst XEJTOBATHIM,

B osmxneM MK-aunanasoHe npu A > 0,75 MKM nomiouiaTesibHas ¢crnocoo-
HOCTb 3¢/1IEHOro JIncTa Masia (~5%), oTpaxate/ibHasi CnocOOHOCTb A0CTaTOU -
Ho BenrKa (10 45-50%), 3HAaYMTEeNbHOE KOJUUECTBO IHEPIUU NMPOXOLUT
CKBO3b JHUCT (45—50%). OtpaxarenbHas cnocOBHOCTb HECKONBKMUX CJ10CB JIN -
cTheB Bbilue (010 85%), yuem onHoro nucta. B cpeniem MK-nuanasone Bosa
MUMEET HECKOJILKO MoJoc rorjowerus (npu A = 1,4; 1,9 n 2,7 MxMm), B KO-
TOPBIX CIIEKTPATbHBINA OTKJIMK 3eJIeHbIX JUCTbeB ociabiieH . Y xBoiHHOro
f1eca [ BCero BUAMMOro auanasona A= 6—16%, y 1MCTBEHHOI0 Jicca Jie-
ToM A= T—18%, y TpaBbl A= 7—25%, y noasi GAU3KHUX K 3PESIOCTH 34aKOB
A=13-23%.
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YcraHoBieHHas Ha criyTHuke NOAA annapaTtypa perMcTpMpyeT BOCX0-
jsitlice OT 3eMHOM MOBEePXHOCTH Manyyernue B kpacHoM (0,58—0,68 MKM,
110J10C4 MOTNOUIEHUSI Ay), BiIMXKHeM nHppakpacHoM (0,725~1,0 MKM) 1 He-
KOTOPBIX ApYyrux obaacTax crnektpa. CpaBHMBasg Mexay coboit sipkoc-
TH /| M f5 M300paxeHUst PACTUTENILHOCTH B KpacHOM Y 6inxHeM UK-yuact-
KaxX, MOXHO CYMTh O COCTOSHHM pacTeHUN B JaHHOM paitoHe. [ljig 3Toro
UCTIONB3YIOT TaK Ha3biBaeMbli AN dhepeHUMANbHbIIA BereTallMOHHbIN HHAEKC
DVI=f, — fi. Onnako DVIoyeHb UyBCTBUTENEH K B3AMMHOMY PACTIONOXE~
1110 ucTouHuKa oceelleHus (CosHia), crnyTHuka u pacreunii. Hopmann-
W0BAHHBIA nnddepeHIMANBHBIH BETETAUMOHHBIA UHAEKC

NDV/:IZ—‘-fL (1.2)

h+/s

B 3HAYUTENBHOH CTENEHN IMILEH 3TOTO HEAOCTATKA. DTO CBSI33HO C TEM, UTO
Ji ¥ 5 n3MeHSAIOTCS NPUBIU3UTEABHO NPOMOPLUOHANBHO IPU U3MEHEHUH
B3auMHoro pacnonoxeHus ConHua, cnyrHuka v pacteHuid. [1pu obpabor-
K¢ daHHbIX co cnyTHuka NOAA nepeaxo ucnoawsyiot He NDVI, a nonoeu-
i1y DTOM BEJIUUMHBI,

Inst pacreHuit B HopManbHoM cocTosgHun NDV/ 6ansox x 0,6—0,65;
Hu3kue 3HaueHnst NDVI (nopsinka 0,3—0,4) cBUAETENBCTBYIOT O HEAOCTAT-
Ke Baaru Wiu o 3ab0jeBaHUM pacTEHUN. YTHETEHUE BereTaui MOXET ObITh
BbLI3BAHO HEOIATOMPHUATHOMN 3KOJOTMUECKOM 00CcTaHOBKOM, nostomMy NDVF
SIBJISIETCS TAKXKE WHAMKATOPOM 3arpsi3HeHMUst OKPYXAIOLUeH cpelibi.

bonee TOUHO O COCTOSIHMM PACTUTENBHOCTH U3 KOCMOCA MOXKHO CYANTh,
CCJIM MCNONIB30BATH HE 184, a 00/blEe YUCAO YHACTKOB BUAMMOTO U BN K-
Hero MK-aunanaszona. B otanuue ot cnytHuka NOAA criyTHuku «Pe-
cypc-O1-3», LANDSAT u SPOT no3BosistioT JONOJHATENILHO U3MEPSTh
SIPKOCTb 00BEKTOB B 3e1eHOM (0,5—0,6 MKM) yuacTke CMeKTpa, T.€. TOUHEE
pa3anyaTh CEJLCKOXO3AWCTBEHHBIE KYJAbTYPhI, OIIpeAe/siTh 3aHHMaeMyI0
MU TUTOLIAAb W OLiEHMBATh YPOXaifHOCTb. CIYTHHUKH C MHOTOCIIEKTPA b-
HOM annapaTtypoit 3¢heKTUBHBI MPU MOHUTOPUHTE 3arPA3IHEHHNA OKPYXa-
IOLLEH CPEaBl, TIPH NMOWCKE MONE3HBIX UCKONAEMBIX, NPH U3YUEHNH OKEaH-
CKUX PECYPCOB M 1p.

1.2.3. Bananue atmocdeps!

ITpy AMCTaHUMOHHOM 30HAMPOBAHUU NoBepXHOCTH 3emny aTMochepa
SIBASIETCA BO3MYLLAIOILEH CPELOiA, KOTOpAsl HCKaXXAET CNYTHUKOBbIE JaHHble,
a B HEKOTOPbIX YYaCTKax 2/¢KTPOMArHUTHOIO iMana3oHa, HarnpuMep B Aajib-
HeM MH(PAKPACHOM C JLTMHOMN BONHBLI 0K0710 100 MKM, BoOBLIE MpensiTcT-
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BYET AUCTAHLIMOHHOMY 301iAKpoBaHH0. C APYroil CTOPOHLI, CHICKTPMIb-
Hble JUHUY MOIJIOIICHUS T'a30B OAHO3ZHAUHO XaPAKTCPHIYIOT T [3bl,
2 MIHTCHCKHBHOCTb M ILIMPUHA TUHHI OTPaXatoT UX (DI 3UUCCK UL HTapaMCTPbl
(Temnepartypy, rUIOTHOCTL, 061Iee KOAUYECTBO MosicKyJl). HodToMy CliekT-
panbHbIe IMHUHN O4YeH b BAXHbI TPU AUCTAHUMOHHOM 30HAMPOBAITUN CaMOH
atMocdepbl.

[o BbicoTbl 100 KM aTMochepHbIe Tasbl PABHOMEPHO HCPECMEILAHBL.
K OCHOBHBIM COCTaRJISIOLIMM aTMOC(epbl OTHOCST KHULsiopoa O, (oxosio 21%
BO3ayXa Mo 06bemy), a3oT Nj (0koo 78%) u apron Ar {(HCCKOABLKO MeHee
1%). Bnausinne nx Ha Habmonenue 3eMIN U3 KOCMOCA HESHAUUTENILHO.

BaxHbiM KOMNIOHEHTOM aTMOcgeph! siBASICTCS) BOASIHOI Map, colepxa-
HUE KOTOPOro B atMocdepe HEMOCTOSIHHO M OTHOCUTEIbHO HeResinko. OH
MMEET OUEHb OOJIbLIOE YMCI0 TUHUN MOMIOLHEHUSS B MH(DPAKPACHOM U MHU-
KPOBOJIHOBOM JAMana3oHax crekrTpa, HaunHas ¢ A= 0,72 mxM u nanee y 0,81;
0,94; 1,1; 1,38; 1,87, 2,7-3,2; 6,3 mxm. LLInpokast "MHUSI 1IOTIOWEHMS fe-
PEKpbIBACT AMANA30H JTUH BOMH npumepHo oT 10 MKM 10 | cMm.

Vraekucantid ra3 CO, uMeeT ABe y3KUE JIMHUM TTOTJIOLEHUA T1PU
A =27 MKM U 4,26 MKM H BbI3biBaeT CUJIbHOE IOIJIOUIEHNE B Aaj1bHEH UH-
(bpakpacHoii 30He crieKTpa, HauMHas ¢ A = 13 MKMm.

M3BecTHO, 4TO B aTMocepe B HEOOIBILNX KOJUUECTBAX COAEPKUTCS
20—30 Tak Ha3bIBaeMbIX MaJblX Fa30B, UMEIOLUMX KaK eCTeCTBEHHOE, TaK
1 aHTPONOreHHOE TpoucxoxiecHue. Hekotopsie U3 HUX, KAK W YFIEKUC-
JIBIH ra3, MOTYT BAMATD Ha KJIMMAT 3¢MJIM U Ha 310poBbe Henoneka. K manbim
rasam eCTeCTBEHHOro NPOUCXOXAEHHMSI OTHOCAT 3aKUCh asora N>O u MeTaH
CH, (pe3ynbrat aearenbHocTH 6akTepuit), cepHUCTbIid anruapua SO,, cep-
HucTblit KapooHun COS, ceposoaopon H,S u ap. (Bynkanuueckue BbIOpO-
chl), a Takxke 030H O3, BOZHUKAIOWIMIA B BEPXHUX CJI0SIX aTMOC(EPDI 1O BO3-
naefcTeueM yabtpaduoiaerooro uanyyernust ConHua. K ManbiM rasam
AHTPOMOTEHHOTO NTPOUCXOXKAEHMSI IPUUUCASIOT OTXOAbI TOMOK, POU3BOI-
CTBa, TPAHCIIOPTA, CeILCKOTo Xo3siiicTBa: SO, CO, xnopeogopoa HCI, ¢pe-
oHbl CCILFy n np.

EcTecTBeHHBbI a3p030Jib — TBEPAble M XHWIKHWE YACTULLbI, B3BELLEH-
HblE B BO3/yXe, — BKJIIOUAET KOCMUYECKYIO, BYJIKAHUYECKYIO U [TIOYBEHHYIO
MUWHEPATbHYIO NbUIb, MbUIbILY PACTEHUIA, YACTHLIBI MOPCKOMH COJIM, KaflJiu 00-
JIAKOB 11 TYMAHOB, YaCTHLIbI JIbIMA JIECHBIX ¥ TOP(SIHBIX NOXapOB. AHTPOMO-
reHHbII a3P030J1b — 3TO YACTHULIBI CaXH, NEMIa, HEMEHTA U IPYIUX OTXONOB
MPo13BoACTBa M TpaHcnopTa. CyllecTBEHHBIM UCTOMHHUKOM 3arpA3HEeHUs s1B-
as10Tes Tonku neveit, FPOC, rennoBble ABUTaTENMU.

119 MHOroaToMHbIX MalbiX ra30s, a Takxe CO; xapakTepHbI 3NICKTPOH-
HBIE MEPEXOAbI C IHEPrUe auccolalmnu nopsiaka 3—5 3B, a Takxe ppauwa-
TebHO-KOACOaTENLHBIE MEPEXOabl ¢ IHEPrUei BO3OY KAeHust nopsiaka (0,1 2B

16



1 meHee. [TepBhbie U3 HUX CBA3AHBI C COTHEUHBIM U3jiydeHreM YMD- v Buau-
MOr0 1Mana3oHoB, BTopbie — ¢ KBaHTamu UK- 1 pannoananazoHa.

Monekynbl 030Ha Oz, HAXOAALIMECS B OCHOBHOM B CTpaTocihepe, CUIb-
HO BJIMSIIOT Ha OOUIEE NOTIOUICHHUE TOSILKO B ONHOM HeBOJIbLIOM YYACTKE UH-
thpakpacHoii 30Hbl (A =9,59 Mkm). O1HAKO 030H AKTUBHO MOJIOUIAET IHED-
M0 B YALTPaUONETOBON 30HE U B 30HC MUJIMMETPOBRLIX PAJIMOBONH.
Hanpumep, cjioii 030Ha TONLMHON BCero 3 MM (11p1 HOPMaLHOM JaBICHHUN
u teMniepatype) B 1040 pas ocaabnsier YO-usnyucHue ConHua WIHHON BOJI-
11 A = 0,255 MkM. M1 030H, 1 apyriie rasbl Npy MOMIOUICHW Y TPecdpasyioT
sHepruto CojiH1A B TEMJIOBYIO.

Masiple rasbi, BoasiHoi nap v CO, BbI3bIBAIOT OCABAEHIE UATYUEHUS U3~
38 AMCKPETHOTO IOTNOLEHNS B TAKUX BAXXKHbBIX IMANA30HAX JUTWH BOJH, KaK
ONVXXHUM MHPpakpacHblif (~1 MKM) U Ten1oBoit MH(ppakpacHblii (> 10 MKM).
B pesynsrate B nanbHem UK octaetes npo3pauHbiM TONLKO OAMH LUMPOK M
Jiana3oH MLirH BoJH 8—12 MKM, a B OankHeM u cpenHeM MK B 3oHe iMH
BOJH MeHee 4 MKM MMEIOTCS YeTbipe Y3KUX 1Mana3oHa, KOTOpbIe M UCIOAb-
YIOTCS TSl IMCTAHLIMOHHOTO 30HAUPOBaHus. [1po3payeH U BUOMMbBIA Au-
anasoH, 0JHaKo B Hanboaee KOPOTKOBOJHOBOM €ro 4acTtH ((pHroneToBblil
11 TONyOOH YYaCTKM) BETUKHU «TOMEXH» OT MOJIEKYJISIPHOTO pACCEesiHUS COJl-
HEYHOTO CBeTa.

AtMocdepa He nmpospayna B danbHell MK-30He cnekTpa, rae UiMHa
oKLl 6os1ee 14 MKM. U TonbKo nipu BosiHe WIMHOM 0KOJ0 | MM atMoche-
pa BHOBb CTAHOBUTCH GoJiee MPo3padyHoii, MOCKOJLKY JUllL HEKOTOPbIE,
Oosee c1abble Mepexobl BbI3LIBAIOT noroilicHue (puc. 1.7). OcnabjeHue aT~
Mocgepoi BOCXOASLIETO H3/YYEHUS] OT NOBEPXHOCTY 3eMJIM B 10J10CaX
HPO3paYHOCTY ONUCHIBAETCS 00 BEMHBIM KO3 (hHLIMEHTOM MOTIOLLIEHHS O,
A paccestHUe cBeTa MOJIeKyJlaMM Fa3oB, KarieJbKaMy BOAbI, NMBUIMHKAMU —
0OBEMHBIM K03DPHLIMEHTOM paccesiHUst 6. OnTHYeCKasi TOJILMHA T — 3TO
11poU3BeAcHME 00beMHOIO KoaddHLeHTa ocjiabieHus cBeTa arMocdepoii
Ha reOMETPHUUECKYIO JUTUHY NMYTHU CBETOBOTO Jyya. Ecin koshuUUeHTh! o
1 G 3aBUCAT OT KOOPANHATHI (4 IVIOTHOCTB aTMOCQepbl MCHAETCS C BbICOTOI ),
TO Ha NMYTH MEXJIY TOUYKAMM C KOODAMHATAMY 1| U 15

10

0
OW\K\M L mw&: —l
1 2 3 4 5 6 7 8 9 10

11 12 13 14 15

_ Mpomyckanue, &

JLnvHA BOMHBIL, MKM

P'uc. .7. OkHa npo3pauHocTn atMocdepbl B ONTHYECKOM AHANa30HE
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n, n)= ‘jﬁ(x(r)+o(r)](lr.

n

Ipu Manbix areKTax MHOTOKPATHOro paccesiHus, T.e. B npeaeiax
cnpaBe/IUBOCTH 3akoHa byrepa, ;= lyexp (—1), riie Iy n [} — NHTCHCUBHO-
CTH B HAYQIbHOW (HA TOBEPXHOCTU 3EMJIN) U B KOHCUHOI4 (Ha opOuTe CrIyT-
HUMKa) ToUKax npu HabaoaeHMH B HAAUP. DPdekTaMy MHOTOKPATHOFO pac-
CeAHUA MOXHO T1peHebpeyb ans 3eaeHoro (G) u osee JUNIMHHOBOJTHOBBIX
y4acTKOB CNEKTPa, HO He A cuHero (B).

flpuBenenxas dopmyna

‘ %HWHMK cripaBeaanBa ans HabatoneHms

\ 75/ B Haaupe. Ecau noBepxHOCTDb
)
X

ConHeunoe
N3TYUeHHE

Ha01100aeTCs O/ YIJIOM & K Ha-

JIMPY, TO NYTh, ITPONAEHHDBIH U3-

JydeHHeM B aTMocepe, YBEH-

uynres (puc. 1.8). B aToM cnyuae
s ST
L MYJIa HE YYUTbLIBAET KPUBU3HY
3eMM; CYLIECTBYIOT METOINKH,
MO3BOJSIOLLME MPOBECTH TAKOH
yueT. He yunrbiBaeTcsl Takxke
BIUSIHUE BO3MOXKHbBIX TOPU3OHTAAbHBIX TOKAIbHbIX HEOAHOPONHOCTEH (Ha-
JIMYUE TYMaHA, IbIMKH, 061aKOB MbUIH 1 T.A.), TOITOMY pacyeT NpubAnXeH-
HbI.

B atmocepe paccesiHue cBeTa MOJIEKYIaMM PA3/IMYHbIX BEILIECTR MO -
YUHSETCH HEKOTOPbIM 3aKOHOMEPHOCTSM. MHTEHCHUBHOCTb MOJIEKYJISIDHO-
ro paccesiHyst MPOIopUMOHanbHA A, 4To Hanboee 3aMETHO B KOPOTKOBOJI-
HOBOII YaCTU CNIEKTPaA, OTBETCTBEHHOI 3a rosiyboii useT Heba. PaccesiHue Ha
a3po30osx (pasmep uactuil ot 0,1 1o 10A) nponopioHanbho A%, 0 < o < 4,
Pazmepbl MoJieKy IbiMa M 061aKOB MHOTO H0bIE ITHHBI BOJIHBI BUAUMO-
ro u MK-nmnana3oHoB, No3TOMY MHTEHCUBHOCTH PACCESIHHOTO COTHEUYHOTO
U3/y4eHHs1 He 3aBUCHT OT JUTHHBI BOJIHLE U LIBET ALIMOB M 00J1aK0B OJ1M30K
K Desiomy.

CriyTHUK MOXET NPUHUMaTh MHbopMauuio ¢ 6oNbIIKMX Miowane,
NPU 3TOM pa3iMuHble YIACTKU MOBEPXHOCTU Ha0110Aa10TCH MO/ PA3HbIMU YT-
JIaMU & 1 Tyd OT HUX TTPOXOAUT pa3Hbie paccrosiius B armMochepe. B pesyib-
TaTe SIPKOCTb OJMHAKOBbBIX 110 ONTHUECKHAM CBOWCTBAM YYacTKOB OBEPXHO
cth Byaer pasnuuHoii. Juisi pacuetoB no gopmyse byrepa HeoGxonnumMo
3HATb ONMTHUECKYIO TOJLMHY aTMOCchepbl T, [UTsE YEr0 Ha 3eMJle clledyeT U3-

Otpaxenne |
OT NOBEPXHOCTH
Puc. 1.8. Inarpamna, nosicusiiowas HaGnoneHune non
YIIOM K HAlHpy
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MCPSITh 0CiableHUE COHEUHOW paaualin. 3HaueHHe T MOXHO Onpeie-
JSITh CO CNYTHHKA, Habmoaasi ApKoCTb OOBEKTOB € 3apaHee M3BCCTHLIMHU
ONTUYECKUMU XapakTepucTHKaMy, MoXHO TakXKe rpydbo oLleHUThb T B BUAN-
MOM YYaCTKe CliekTpa, UCToJIb3ys 3aBUCUMOCTb MEXIY T 1 METEOPOOornye-
CKHMHM XapakTepUCTUKAMU TpoTiocgepbi: TeMNepaTypoit Bo3ayxa, CKOPOCThIO
BCTPa, OTHOCHTEABHON BJAAXKHOCTHIO M YN PYFOCTBLIO BOASHOrO Nnapa.

bornee TOUHO yyecTb BiHsiHue aTMOCHEPBI MOXKHO Ha OCHOBE TEOPUH Te-
peHoca U3ydeHus B atMocepe, KOTOpasi Mo3BoJisieT OUEHUTb APKOCTh
0OBEKTOB O JAHHBIM U3MEPEHUS BOCXOIALIENO U3YYEHHs! NYTEM peLLeHUs
obpaTHoOH 3amayu.

1.3. METOADI U3YMEHUA 3EMAN U3 KOCMOCA
1.3.1. OnTnueckme merTopbl

[TepBble M300paxkeHusi 3eMAW U3 KOCMOCA OblIM MOAYYEeHbl C NOMO-
1ibto (porokamepsl. ITa METOAWKA NPUMEHSICTCS U B HACTOsILUEE BpeMs.
CnytHux ¢ poropermctpauneit «Pecype-®1M» (Poccus) nossonser ¢hoto-
rpacrpoBaTh 3emii0 B UHTEpBaie AMuH BostH 0,4—0,9 MkM. OTCHATBIE Ma-
TCpUAIbl CIYCKAIOTCS Ha 3eMJTIO M TIPOSIBASIIOTCS. AHAJTM3 CHUMKOB, KaK Mpa-
BUJIO, MPOBOAMTCS BU3YAIBLHO € MOMOLULIO MPOCKLMOHHON annaparypsl,
KOTOpasi O3BOJIET TAKXKE FIONYYaTh UBeTHBIE (hoTooTneuaTku. Meton obec-
11e4UBACT BBICOKYIO FEOMETPUUECKYIO TOUHOCTb H300paXXEHMSsI; MOXKHO YBe-
JIMYUTh CHUMKM De3 3aMETHOTO YXynlleHHst Kauectsa. OAHAKO OH Majioorne-
PATHUBEH, MOCKOJbKY U300paXeHUe MpeacCTaBleHO B Buiae dororpaduit, a He
is uupoBoii popme, 1 3hPeKTUBEH B BUAH - 3
MOM U 6i1mxkHeMm MK-auanasoHax.

DTUX HENOCTATKOB JIMLIEHbI CKa- Hanpagnenue
HCpHble MeToAbl. CKaHep ¢ LMIHHA- ) ABHKEHHH
PHUYECKOM pa3BepTKOM B MPUHLIMITE /k CryTHUKA

1IpEACTaBNAAET COO0H MaATHUK,
JAKpeIeHHbIH B O1HOWM TOY-
Ke U Konebsiotmiics norie-
peK HanpasBiCHHUS ABH-
KEHHS annapara
(puc. 1.9). Ha koH-
1l€ MasITHUKA B €TO
(pokanbHOM THIOC-
KOCTU YCTAHOBJICH
00OBEKTHB ¢ TOYEY-
HbIM POTOTIPUEM=~  Puc. 1.9. Cxema cCKAHMPOBAHMSI IOBEPXHOCTN 3eMn

MopepxHocTs 3eman
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HBIM YCTPOUCTBOM ((HOTOBNCKTPOHHBIN YMHOXKNUTEND, (poTOMMOI, PoTOpC
anctop). Hpu asuxerinm annapara Hag 3emieit ¢ 8bixoaa GoTonpueMHoro
YCTPOMUCTBA CHUMACTCSL CUTHAN, IPONOPUMOHANTBH I OCBELIEHHOCTY B BK-
anmom mian Giinxnem MK-nmanaszoHe Toro y4actka 3eMHOM NOBEPXHOCTH,
Ha KOTOPbIH B AaHHBIM MOMEHT HarpasieHa och 00bekTUBa. Ecau dotonpu-
eMHOE YCTPOICTBO — (HOTOPEIUCTOP, TO MOXKHO PETUCTPUPOBATD U3TYHEH U
B TennosoM UK-nuanasoHe v onpeaesite teMepatypy HOBEPXHOCTH U 00-
J1akoB. Ha npakTuke ckaHep HEMOABUXEH, a KAYaeTCsl (BPallaeTes) 3epKa-
JI0, OTPAXEHHE OT KOTOPOTO uepe3 00beKTHB MOMagaeT Ha GOTONPHEMHOC
ycTpoitctBo. CkaHepHasi uHdopmauusa B undpopoii popme nepeaaetcs co
CHYTHHMKA B PeafibHOM BPEMEHM WJIN B 3anHcH Ha 60pTOBOM MarHUTOQOH,
Ha 3emsic oHa obpabatbiBacTcs Ha IBM.

JlvHe LI cKaHep COAEPXUT PACTIONOKEHHBIC B IMHWIO HETTOABUAKHbBIC
doTouyscTBHATENLHBIE 37ieMeHThI 190— 1000 1 6oJiee Ha npubopax ¢ 3apsaao-
Bo# cBaA3bio (I13C) — nuHeitky NM3C nan HECKOJBKO TaKuX THHESK AU HONK
nopsanaka caHtuMmeTpa. Ha ausielikn uepes o0bekTHB QokycupyeTcs U3obpa-
KEHME 3EMHOI ITOBEPXHOCTH, BCE JIEMEHTbI HAXOASITCS B (hoKanbHOU nio-
ckocTU. JluHeiika, OpUeHTUPOBAHHAS IOTICPEK HAMPABACHUSE IBUXEHM
CNYTHUKA, MEPEMEILACTCS BMECTE C HUM, IOCAEAOBATCILHO «CUMThIBAS»
CHUTHaJ, NPONOPUMOHATBbHBIN OCBEILEHHOCTH PA3TUYHBIX YHACTKOB [TOBEPX-
HOCTU 1 00nakoB. JIuHeitnpie ckaneps Ha M3C paboraoT B BUAUMOM
v 6yxHem MK -ananasonax.

Ckanep MCY-CK, ycraHasiupacMbiid Ha poccnitickux cnythukax «Pe-
cypc-O» 1 np., €ANHCTBEHHBII, B KOTOPOM Pealn30BaH NepcrieKTUBHbIN
NMPUHLKMN KOHUYECKOM PA3BEPTKU, 3dKNIOUAIOLIMUCS B NEPEMEIUEHUU B~
3UPHOTO J1y4a MO NOBEPXHOCTH KOHYCa € OChIO, HanpasieHHO B Hanup. Cka-
HUPYIOLWMI Iyd OnHCBIBAET MO c(PeprUUYCCKON NMOBEPXHOCTH 3eMAU AYLY
(OBbINHO B AlEPEIHEM CEKTOPE CKAHUPOBaHKSL). 3a CYeT NepeMeIEHUs! CIyT-
HUKa M300paxeHye NpeacTanisictT coboit COBOKYNHOCTL Ay JIOCTOMHCTBOM
TAKOTO BMA Pa3BEPTKH SIBJISIETCS MOCTOSKHCTRO YIJ1a MEXAY NOBEPXHOCTHIO
3eMiIU U HampaBjieHWeM Ha CAYTHUK, YTO O0CODEHHO BaXKHO MPU U3YYEHUH
pacTuTenbHOCTH. TTOCTOSTHHO TakKe pacCTosIHKE L OT CNYTHUKA 10 KaxX1oi
TOYKM AYTH, TAK 4YTO paspelietue ckanepa MCY-CK, B oTiMume oT ckane-
pOB ¢ LUMAUHAPUYECKON W JIMHEHHOM pa3sBePTKON, NOCTOSHHO 110 BCEMY
nzobpaxenuio. ITpy 3TOM TSl 1OCTATOUHO OOJILIIMX YYACTKOB H300paxe-
HASI IOCTOSTHHO Y aTMOchepHOoe 0cnabAeHHE BOCXOASLUErO U3NYYEHHsI U HET
HeobxoaAuMOCTH B armMocdepHoit Koppekuuu, OTCYTCTBYIOT TaKXe UCKa-
KEHUA H300paXKEeHUst 33 CUCT KPUBKU3HBE 3eMJIM, XapaKTePHbIC LIS APYTHX
CKAHCPOB.

BaxHbIMY XapakTepUCTHKAMKM CKAHepa ABASIOTCS nosioca ob3opa G,
PATMOMETPUYECKaS PA3PLILAIoINAs CTTOCOGHOCTL A/, MTHOBEHHOE T10JI€ 3pe-
HUs Aj ¥ paspenienue Ha MecTHOCTU A L. Paduomempuueckas paspewarouids
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£HoCoDROCMb (SPKOCTHAS, TEMTIEPATYPHASA) ONPEACASCTCS WNPUHON TUHA-
MUUECKOT0 IMANa3oHa JaTYMKd U YMCHAOM YPOBHEH ANCKPCTU3AUNH (MMCIIOM
H1T), COOTBETCTBYIOLINX NIEPEXOAY OT APKOCTH ABCOMOTHO «UEPHOTO» K a0-
LOMOTHO «OeToMy>»,

Menogernoe noae 3perus 3aBUCUT OT XapakTepUCTUK OOBEKTHBA U pas-
Mepos doTonpueMHKUKa. DTO UHTEPBan YIfioB A@, B NPeleax KOTOPbiX
B KaxIblii MOMEHT BpeMeHN Ha (HOTOMPUEMHUK MonajiaeT n3o0paxernne
3EMHOW NOBEPXHOCTH WAy obylakoB. Ecay criyTHUK HaxoauTes Ha paccro-
#Hnu L o1 HekoTOpoit 06/1aCTi Ha MOBEPXHOCTH 3eMau, TO POTONPUEMHUK
BAMHOBPEMEHHO PETUCTPUPYET H3AYUEHHUE OT YUACTKA NTOBEPXHOCTH C JINHEH-
§1th pa3MepoM AL =A@ L B npesenax MrHOBEHHOTO yrna 3peHus (38ech AQ
BbipaxeHo B paauaHax). BenwuuHa AL — 370 paspewenne ckanepa Ha Mecim-
#ocmu. Ecnn 1Ba 00BHEKTA Ha NOBEPXHOCTH 3eMiIM HAXOASITCS Ha PAcCTOs -
#uu Medee AL, To ux n300paxeHus, Boobuie rosops, cansaiotes. CKaHep-
Mot n3odpaxeHne OOLIUHO COCTOUT U3 OTACNIBHBLIX IMEMEHTOB KBAAPATHOMH
AW IPSIMOYTORbHON HOPMBI ¢ TMHERHBIM pasmMepom AL — nuxcenos, Ko-
FOpbie XOPOILO BUAHD! NIPY COOTBETCTBYIOLIEM YBETUYEHHN U306PaKEHMUS.
Me To/15K0 ciyTHUKOBbIE, RO ¥ BCE APYFUE HM(DPOBBIE N306PAKEHUS COCTO-
Bt U3 OTACTBHBIX TUKCENOB.

Baxnas xapaktepuctuxa npu pabote ¢ xaproii — ee Macwrad. Eciu [ cm
EBPTHI COOTBETCTBYET | KM HAa MECTHOCTH, To MacuTab paseH 1:100 000, tak
f_ﬁk B | kM conepxurcsa 100 000 cMm. Paspewenue Ha mecmHocmu, napaeMoe
WYTHUKOM, — 3T0 ApYras XapaKTepUCTHKA, HO ObIBACT HEOBXOIMMO CPABHMU-
#T6 CIyTHUKOBOE M306paXeH e 1 KapTy HEKOTOporo maclutaba. B mpesenax
fiukcena cnyTHKOBOE M300paxeHue onHopoato. Ha | cm kapTel, Kak 1 Ha
)1906pa>xeanu, coaepxaileM npuban3uTebHO 10 TIMKCENOB, MOXKHO pac-
$MOTPeTh HekoTapsie fetatut. [109TOMY YCHIOBHO MOXHO CYMTATD, YTO paspe-
?gcune B | kM cooTBeTCcTBYET Macurtaby Kaptst 8 111 000 000, paspeiueHue
# 100 M — macurraby 1:100 000, paspewuenne B 30 M — macuiraby 1:30 000.

[IpocTpancTBeHHOe paspeiieHie AL 3aBUCUT OT NapaMeTpoB ofl-
MHUCCKON CHCTEMbBI M OT paccTosnust L ot cnyTHuka no obbexta: AL —

guiyuluee (MUHUMaNbHOE) B NOACITYTHUKOBOM TOUKe (Hanupe), Koraa
Paccrositre L MUHHMARLHO H PRBHO BBICOTE CliyTHMKa Hal 3emaeit. [Tpu ot-
KAOHEHUM OT HANMPa Yy CKAHEPOB C LIAJIMHIPUYECKON U IMHEHHON pa3-
Beptkoil L ysennuuBaeTcs Y paspelicHUe CTaHOBUTCA XyXe. PaspellieHue
eéxaHepa AVHRR cnyriuka NOAA B Hanupe AL = 1,1 XM, Npu MakKCUMalb-
HOM OTKJIOHEHMH CKaHePa OT HANPaBAEHUS B HAIMP Pa3peNICHHE CTAHOBUT-
¢# paBHBIM TTpuOM3UTENBLHO 4 KM. Y ckanepa MCY-D cnytHuka «Pecypce-
0o AL =45 M B HamUPE.

B 00beKTUBaX CKAHEPOB KCTIONBL3YETCH, Kak NpaBuio, 3epkanbHas ofi-
1K, a HE TMH30Bast, ITOCKOALKY NOKA3ATEib NPEJOMICHUSI JJHH3 U NOTJ10-
IMICHME CBETA B HUX PasiMuHbl VISt pa3/IMUHBIX JUIMH BOMH, @ CKAHCP AOKEH
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padoTaTh B LWIUPOKON
Mana3oHe 31eKTPOMat
HUTHbIX BOJIH — OT BUAH
MOFO yyacTKa A0 HWHpp:

pd

|
|
7 ] \ KPacHoro. 3epKaibHbic
DOTONPHCMITHKH |
[ Napabonuuyeckoc OOBEKTUBBI UMEKOT BO
' 3epKaso THYTOE 3epkano napabdo
D e RS, .
— JUYeCcKOH (OopMbl, Hu
HUriepoo. YeCcKoe
_uriepomteckoe BHYTPEHHIOI MOBEpX
3epKano

HOCTb KOTOPOI0 HaHece
Puc. 1.10. Ontnueckas cxema Kaccerpena Ha TOHKad OoTpaxatoiilas

MeTaJIMYecKas fUIEHK
Takue o6bEKTUBBI Yallle BCETo CTpoATCsi No cxeMme KaccerpeHa, koraa nepei
OCHOBHbIM 1M1apaboJMUECKUM 3ePKAJIOM NOMELIEHO BTOPOE HEOOJ1bLIOE Bbl
NyKJ10€e 3epKaio runepbonndeckoit hopmsi (puc. 1.10). CBeT, oTpaKeHHbI I
OCHOBHBIM 3¢pKaJIOM, MafaeT Ha BCIIOMOraTe/ibHOE ¥ OT HETO Ha TIoWak
KY, TZie B POKaNbHOM MA0CKOCTH 06beKTHBA pa3MeLLeHbl (DOTONPUEMHUKH
[1o cBOoMM CBOWCTBAaM IBYX3€pPKabHbli OOBEKTHB PaBHOLIEHEH OIHO3EPKAIb-
HOMY, HO € 60JbIINM (POKYCHBIM PACCTOSTHUEM.

MrHoBeHHoOe rone 3peHust AQ ONpeaessieTCsl pa3MepoM anepTypbl 06b-
eKTHBa U pa3MepaMu ¢GoTonpueMHUKa. Anepmypa (aeicTBylOlLEE OTBEP-
CTHE ONITUUECKOM CUCTEMb) LTSI 11apaboUUYCCKOro 3epKaia — 310 Kpyr aAu-
aMeTpoM AB, 3aMmblkaloiUMil 3e¢pKaso. B 1iepBoM npuUBAMXEHHUH
HamnpaBieHHbI€ CBOMCTBA OOBLCKTUBA MOXHO OLIPCUC/ISITL U3 CIEAYIOLLUX
coobpaxeHuid. [TycTb aneKTpoMariMTHoOE U3Jyd4cHUE OT TOYEUHOTO UCTOY-
HHUKa M ¢ KOOpAMHATAMM X, y|, 2 Ha 3¢MHOU nosepxHocTH (puc. 1.11) no-
nagaeT Ha KPyraylo anepTypHYIO MAOLLAAKY, pacioNoXeHHYI0 Ha y4acTKe
ruiockoctd CDEF. Hayano koopauuar O, pacnosioxXeHHOe B LIEHTPe Kpyra,
YAa1€HO OT UCTOYHUKA M Ha paccTosiHWe L B COTHU U THICSTYU KUJOMETPOB,
TOorJa Kak pasMep anepTypHOi NMOLLAAKKM B ONTUYECKOM JMana3oHe Co-
CTaBJIsIeT NECATKU CAHTUMETPOB (B panvoauvanasoHe — nopsiaka 10—15 m).
[TosTOMY MOXHO yTBEpKAATh, YTO aMIUIMTYAA BOJIHbLI BO BCEX TOUKAaX 00b-
€KTHBa OJMHAKOBa, X014 ¢da3za BofHbI pa3Has. B touke BaneprypHo¥i nno-
LagKku ¢ KOOpAWHATaMU X, ¥,z (31ech 2= 0) BEeKTOp 371eKTPUUYSCKOTro Mo
MOXET ObITh PEACTABJCH B BUIE

E= Eyexpi(wt — kLp), (1.3)

FIIe yIJI0Bas 4acToTa o CBA3aHa CO CKOPOCTLIO CBETa ¢ U IUIMHOM BOJHbBI A CO-
oTHOLIEHUEM & = 2te/A, k = 27t/X — Bonnosoe Ynucno, Ly=[(x—x;)2+ (y—
~ y)2+ z,2]/2 — paccTosine Mexay Toukamu M u B.
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£ F
i Puc. 1.11. BuiyncaeHue 3aBUCHMOCTH
V Z TOKa QOTONPHEMHNKA OT YIIOB L U @

Ha puc. .11 u3 M na yuactok riockoctt CDEF B touky A onyiueH nep-
FeHIMKYAp WIHHOH z) = L cosp. O603HauNM x; = Lsing cosa, y; = L sing sind,
Lg% Lg(L,x,y, @, 00)=[L2+ x?+ 32— 2 xx, = 2yy,]"2. Hox/L << 1, y/L<< 1,
forromy wieHamu ¢ x? v y2 MOXHO NipeHeGpeUb. DNEKTPOMArHUTHOE U3TY-
HeHue oT Bcex Touek anepTypHO# TUIoIaaKH CyMMUpyeTcs B dhoTorpuem-
ﬁ}ﬂ(c.

Yrobbl HAlTH 3aBHCUMOCTb TOKA (DOTONIPUEMHUKA OT YIJIOB O U @, He-
POX0MMO NTPOUHTErpUPOBaTh BblpaXXeHUe 1t Lz 1o BceM 3HaYSHUSIM X, Y
§ npcaenax anepTypHo#t rutowanku. ITockonbKy 3Ta niolanka MMeeT Kpyr-
Aiyio hopmy, UMeeT CMBIC/ NEPEATH K MOJISIPHBIM KOOPAMHATaM: x = pcosf,
¥=psinP, rae p = (2 + y2)'/2. Takum obpasom,

Ly=L[1—(2p/L) cosP sing coso. — (2p/L) sinf sing sina]'/2 = (1.4)

L {1~ Qp/L) sing cos (ot — B))'/2. '

VauTbiBast MaoCcTh OTHOUEHUS p/ L, pasnaras (1.4) 8 psin ¥ NMpuHUMas
HO BTIMMaHUE NepBkic [BA WieHa, nonyyaeM Ly= L — p sing cos (o — B).
fok oTonpuemMHuKa
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2 r
I = jJ'cxpl—jkpsin(pcos((x—B)]pdocdp, (1.5)

00

rae r— paguyc anepTypHOM riowanky, pdodp — sikobuaH npeodpaszona-
HUsI ACKapTOBbLIX KOOpAUHAT K NoaspHbiM. MHTerpan no a B (1.5) paseH
2ndy(kpsing), Jg (...) — dyHkumnst Beccens nepBOro poaa HyAEBOro NOpsi-
Ka OT IeICTBUTEJILHOTO apryMeHTa. BbidHcsis MHTErpal no p, HaX0AUM

1 =2n[Jy(kpsin@)pdp = 2mrd, (kr sing) /tk sin @)=
0 (1.6)
=2’ S, (krsin @) /(k sin @).

MoOLIHOCTb CUTHANA Ha Bhixole POTONMpHEMHHKa IIPONIOPLUUOHAIbHA /2
P~ [J(krsing)/(krsing)]? = [J,2rr/A sing)/2rr/A sing) 2. a.n

M3 (1.7) cnepyet, 4To 1St KPYTJIOW anepTypbl MOIHOCTL CUTHANa Pon-
penenseTcsl yraoM @ M He 3aBucHT oT o, Jdas Hee W) = [J1((2nX

X r/Asing)/(2rr/A sinp)) 2 nipu /A = 500 (puc. 1.12). Tpu sing=0,82A/ru 1.1.

TMepnwii
MUHUMYM

Puc. 1.12. dynkuust W(g) ans
/'LfJ r/A = 500, xpyrnas anepTypa
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HMCCM MakcuMyMmbl; npw sing = 0,61A/r, 1,12A/r ¥ T..— MUHUMYMBIL:
W(¢) = 0. B ontuke npuHATO CHUTATD, YTO JBE TOUKM Pa3pewaroTcs npubo-
POM, ECIIM YIJIOBOE PAcCTOSSHUE MEXY HUMHK A TAKOBO, YTO U300paXeHHue
HEPBOM TOUKY NONANAeT B OCHOBHOW MakcuMyMm ripu @ = 0, a uzodpaxeHue
ATOPO — B MEPBbIA MUHUMYM, OTMCUEHHDII Ha puc. 1.12 crpenxkoii (kpu-
tnepuii Peres). Cnenopatenibyo, Npu Maielx suadenuax @ Ag = 0,614/r,
# 1POCTPaHCTBeHHOE paspewierne AL = 0,61AL/r. B (1.7) He yuTeHo 3aTe-
HCHKE OCHOBHOTO 3€pKaia BCHOMOTATeNbHbIM H HEKOTOPLIE APYTHE Malibie
athdexTnl.

TakuMm obpazom, yeM Ooiibliie OTHOLUEHHE PAIUYCa arepTyphl K ANHHE
ROJTHbI, TEM Nyullie paspelteHiie onTHueckoi cucrembt. FlycTs, Hanpumep,
A=1Mkm, r=10cM; /A =105 Toraa A@ = 6,1 - 10-° pan=1,26". Ecau pac-
grosinve L oT cnyTHMKA [0 TOYKYW Ha MOBEPXHOCTH paBHO 900 KM, TO npo-
gTpaHCcTBEHHOe paspetieHue AL = L - A@= 5,5 M. U3-3a andpakumnm anex-
TPOMArHHUTHBIX BOJH H300paxeHMe TOUKK HEeCKONBLKO PacTjibiBacTCH.
Noaromy hoTonpHeMHUK A0MXKEH UMETh KOHEUHLIN pasMep — nopsiaka
BNVHBL BONHBL (pazMep TakK Ha3biBAEMOTO BTOPOTO KPYXKa DUpH), B 3TOM
clayqyae Ha QoTonpUEMHMK TonaaaeT oxkono 90% seeit adeprun, Takoso
npenenbHOE paspelicHUE, ONIpencnAeMoe pasMepaMy ONTHYECKOH CHCTEMbl
W CYLIECTBEHHO 3ABUCSILLEE OT [UTHHBI BOAHBL, Tlpy invne soinb A= 10 Mxwv
M TEX Ke YCIOBUSX paspenieHue paBHo 55 M.

Ha npakTHKe NpeacTaBisieT UHTepec U3o0paxeHue He TOUEK, a 10CTATOY-
HO NPOTAXEHHDIX MPEAMETOB C pazMepaMi, NPEBLILAICLIHMHU Npese/ibHOe
NpocTpaHCTBEHHOE paspelieHMe. B 3ToM ciyyae fip /A >> 1 n3obpaxenue
B (hOKANBbHOMN TUTOCKOCTH MOXKHO NOCTPOUTD FIO 3aKOHAM MeOMETPUIECKO# otl-
k. Cripaseatnsa seipaxeHue d/D= F/L, rae D u d — pasmepnl npeaMe-
T& U ero nzobpaxenus, F — (okycHoe pacctostue obbektnba. Iycth
D=1 xm, F=5wm, L=900 xm. Toroa d=5,5 MM. YcTaHoBUB B (pOKaIbHOI 110~
ckocTU HOTONMPUEMHUKH Pa3MepoM 5,5 MM, paboTalowme B PasHBIX yyacT-
Kax OMTUYECKOTO AKana3oHa, NOAYHKMM NPOCTPAHCTBEHHOE paspelileHue
8 | KM B LIMPOKOM J1anazoHe AJiMH BoJIH. ONTUYECKAS CHCTEMA C IT1aBHbIM
JEPKAIOM AMameTpoM 2r= 20 cM yCTaHOBIICHA, Hanpumep, B ckaHepe AVHRR
cnyTtHrka NOAA ¢ npocTpaHCTBEHHBIM paspellieHueM |, [ KM B MOACITYTHH-
KOBO# TOHKeE [Tl BOJH WiKHHOM ot 0,56 1o 12,5 MKkM.

Hns aneptypst npAMoyroabHO#A dopMbt (Ha puc. 1.11 3To MoxeT GbiTh
naowaaxa CDEF) ynrerpuposanye B (1.5) npoBoauTcsa B NPIMOyTroibHOW
CUCTEME KOOPAMHAT x 1 y B nipenenax —D,/2<x< D2, ~D,/2<y< D,/2,
rae D= CE, D,= CD. Tox doTonpuemumka

b2 B2 :

[= J' J’ expl—ik / L{xx, + yy,)Yixdy. (1.8)
D, /2-D,/2

25



X

Puc. 1.13. flpsmoyronbhas aneprypa

B sToM cayuae BMecTo 3aBUCMMOCTH [ OT yrjia ¢ MMeeM 3aBUCHMOCTD OT
YLIOB Y M 8, TexXaluux B Iiiockoctd XOZwu YOZ cootseTcTBeHHO (pHc. 1.13).

Ecnu xy, 3y, 71 — no-NipexHeMy KOOPAHHATH TOYKU M, To 71 = 00'=
= Lcos®, x;= MK = GO'= Lcosgcosy, yy= O'K= MG = Leosg sino. U3 atux
COOTHOWIEH W HETPYRHO HATH, YTO Y0 @ CBSI3aH C YIJIaMn Y 4 & Bhipaxe-
HueM cos2p = 1/(1 + sin2y + sin%8). MHTErpupoBaHUE 110 X U y NAET 3aBUCH-
MOCTb MOILIHOCTH Ha GOTONPHEMHUKE OT ¥ 1 O:

WAy, 8) = {(sinrnaD,/A)/raD, /A2 - {(sinwbD,/A)/nbD,/A}2, (1.9)

rae a=sin y/(1 + siny + sin28)}/2, b=sind/(1 + sinZy + sin?3)'/2.

®yukuus W(y, 8) (puc. 1.14) umeer rasHbiii MakcumyMm npn y=0, 8=0,
MUHUMYMbl — nipu raD,/A = &, 3w, ...; °bD,/A = &, 3=, ... Eciv pasmepn
arepTyphbl 110 X M Y BO MHOTO pa3 NPEBLILAIOT AJAMHY BOAHBI, TO MTHOBEH-
HOE NOJIe 3peHUS 10 ropusonTanu Ay = A/ D, 1 no septukain A8 = A/D,.

Kpome oNTHYECKOro AHaNa3oHa 31CKTPOMarHUTHbIX BOJIH, IXCTAHLIU-
OHHOE 30HAMPOBaHHE 3eMIH BeACTCA B PAAUOAMANA30HE, IPYU 3TOM BMecC-
TO ONTUYECKUX CUCTEM Ha CITYTHUKM YCTAHABIAMBAIOT aHTEHHB. M B 3TOM
cAyyae fosydeHHbIe Bbitlie HOPMYJibl IS YIJIOBOTO M TPOCTPAHCTBEHHOTO
paspeileHMs NOAHOCTHIO cripaBeiinsbi. Ho Annna BosiHb B paanonuanaso-
He Ha HeCKOJILKO MOPAAKOB BoJiblle [TUHBE BOJIHBI B OITTUYECKOM AMaliazo-
He. Hanpumep, cnyrHuk ERS Ha Boicote H = 780 KM pUHUMaET paauono-
KALMOHHBIE CHIHANDI, OTPAXEHHBIE OT 36MHOMN NOBEPXHOCTH, HA MUTHHE
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Pc. 1.14. Oyuxuna Wy, 8) ans D/ = 50, D,/A=100 {(npsimoyroasHas anepTypa)

POsHb A = 5,3 oM nipy aanpHocTy L= 900 kM. HeTpysHo HaliTy, yTo 105 10-
$TVKeHHUs IpenenbHOro paspeleHust AL = 30 M anameTp nipHeMHoit napa-
&muqecxou AHTEHHBI 20/1XeH ObiTh paBeH 2r= 2 - 0,61AL/AL = 2 kM, uTO
HeépeanbHo. ONHAKO M3BECTHBI CNOCOGHI MOAYYEHUSA B PAAKGAUANA30HE
ﬁ?ocmancmeﬂnoro PaspeLieHs TAKOTO Xe TIOPSIKA, YTO M B ONTHYECKOM,
APV CPABHUTENBLHO HEGOABILKX AHTCHHAX PA3MEPOM BCETO §—~15 M.

1.3.2. PaauorexHuueckune MeToAsl

B o61ux 4epTax NpUHLUMN aKTHBHO paavoIoKaliiy COCTOUT B CIIEAYIO-
fieM. Ha cnyTHuke ycraHaBauBaeTCs fIepenariuk, noCelaariluii ¢ momMo-
#IbI0 aHTEHHBI B HANPaBAEHHN 3EMIM UMITYABCHI C BbICOKOYACTOTHBIM 3a-
fionnennenm (puc, 1.15). Iocne 3Toro Hactynaer nay3sa, B Te4eHME KOTOPOI
APON3BOANTCS TIPUEM OTPAXKEHHBIX CUTHANOB. ECian MMitynbe oTpaxaeres
OT HeKOTOPOIro 06bekTa M, pacloIOXCHHOIO Ha pacCTOSHUM L OT criyTHU -
K&, TO OTPaXCHHbI! CUTHAN BEPHETCS Ha3ad Yepes UHTEPRAN BpeMeHU
Ar=2L/c, rie ¢ — CKOpPOCTb CBETA, MHOXWTENL 2 YUUTLIBAET, YTO CUTHAN TIPO-
XOAWT NYTh L ABAXAbI: OT PAKNOROKATOPA 10 0OBEKTA U OT 00beKTa 10 pa-
AiMonokaropa. Yem aaiplie 00LEKT OT PAAMOAOKATOPA, TeM Gonbiue Af. Uu-
tCHCHUBHOCTL OTPAXKEHHbBIX CUTHAIOB 38BHCHT OT AARBLHOCTH M PasanyHa
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Hanpasnenne apuxeHuns IJ15t pa3NUUHbIX OObEK-
»—~ ClyTHHKa TOB, TaK KakK OHH OTJIU-
-7 4alTCsl  pasMepamy
AHTEHHA  \ 3ounupyiomuii W 351eKTpoDUINYECKH -
\ UMAYJIbC MU XapaKTepUCTUKA-

LZ’ Mu. Uamepss Ar, Mox-
HO HAWTHU pacCcTosiHue

1o obbekTa. Takum 06-
pa3oM, CPeACTBaMU pa-
JHUOJIOKAUMOHHOM Tex-
HUKH aBTOMATUYECKMH
OCYIUECTBJ/ISACTCS CKa-
HHUPOBAHME MO AaNbHO-

AHTEHHA

o |

OTpaxeHHbli
HMIYJIbC

/—/ CTH, TaK KaK CHIHalbl
- OT Pa3HbIX 06BLEKTOR
NpUXOAT B pasHOC
— BpEMsI.
”oj,oq? dns nocTuxenus
"6, BBLICOKOTO MPOCTPAHCT-
e[,lhq

BEHHOTO pa3peLieHuUs
BJIOJIb CTPOKH He0DOX0-
Puc. 1.15. Cxema paboTsl paanonokaropa 6okoBoro o63opa AWUMO HMCNOJIL30BaThL
OUY€Hb KOPOTKHE UM-
MyJbChbl, MOCKOJIBKY JJIEKTPOMAarHUTHAS BOJIHA PACTIPOCTPAHSIETCH CO CKO-
pocThio cBeTa, ripoxoast 300 M 3a | MKc. YKOpoueHHe UMITyibca NPUBOAUT
K YMEHBILIEHHIO €T0 SHEPTHH, UTO HE BCETIa MPUEMIEMO, TTO3TOMY BbICOKO-
4acCTOTHOE 3aM0JJHEHME CPABHUTEIBHO [UTMHHOIO UMITYJIbCa (IVTUTEALHOC-
TbIO B HECKOJILKO MUKPOCEKYH/1) MOAYJNPYIOT B NEpeaTYNKe CrieIUaIbH biM
00pa3oM, a OTpaXeHHbI CUTHAT B MPUEMHUKE CKUMAIOT (YKOPauMBaIoT).
st coBpeMeHHOM TEXHUKHU pa3pelieHue B 5—10 M He saBisieTcs Tipeaesiom.
PaayonokaTtop nepeMeniaeTcss BMecTe CO CyTHUKOM, MOCJIEA0BATENBHO
CUYHUTBIBAsi MO CTPOKAM CHMIHAJ MHTEHCUBHOCTBIO, NPOMOPLMOHANBHON OT-
paxarte/IbHOW CIIOCOOHOCTH pasIMyHbIX YYacTKOB oBepxHocTH. CTpoku,
KaK ¥ B CKaHepax ONITUYECKOro AXarna3oHa, pacnofoXeHbl MonepeK AB1xXe-
HUsA ciyTHuKa. OTcioaa cienyeT, YTO aHTeHHA PaRUONOKalIMOHHOM CTAHLIMH,
NMPUHUMAIOLLAS OTPAXKEHHbIE CUTHAMNBI, 1OJKHA ObITL HATIpaB/ieHa UMEHHO
B 3ToM, 60KOBOM HanpasieHHH (cM. puc. 1.15), 1o3ToMy Takoro pona yct-
pOMCTBA HA3bIBAOT PAAUONOKALMOHHBIMU CTAHUUAMU BOKOBOTO 0030p:
(PJIC BO).
[MpocTpaHcTBeHHas paspeittatowas ciiocodbHocts PJIC BO B HanpaBsiie-
HUWH IBUXEHUS CTTYTHHKA (pa3peilicHUe MeXAy CTPOKaMH) 3aBUCUT OT Ha-
NpaBJeHHbIX CBOMCTB NPUEMHON aHTEHHbI. AHTEHHA BbIMOJHSET TE X
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(hyHKLMH, YTO U ONTHUECKad cHeTeMa Ha puc. |.10, cyMMupys B npeaenax
ANMEPTYPbl 3HEPTUIO, IPUXOASLUYIO OT HEKOTOPOTO y4acTKa MeCTHOCTH M Ha
noBepxHOCTH. YeM MEHbLIE 3TOT YUACTOK, TeM JIYUliie paspeleHue. 3aBu-
SUMOCTb MOLIIHOCTH Ha BLIXOAE AHTEHHbI OT YIJIOB ¥ M &, HasblBaeMast dua-
POUMMOIL HANPABACHHOCHU AHTEHHD] 11O MOLLLHOCTH, aHATIOFMYHA TOKa3aHHO#M
Hia puc. 1.14.

Kak npaBuno, CNyTHUKOBbIE AHTEHHLI MMEIOT MPSAMOYTOJIbHYIO anepry-
PY, MTHOBEHHOE NOJIE 3pEHUS AKTEHHBI 10 TOPH3OHTaNK Ay=1A/D,, no Bep-
?ukaﬂu Ad=A/Dy, rae D,, D, — pa3mepbl anepTypsl N0 TOPUIOHTAIN 1 110

BPTHKATH. Ha coreTckoM cnyTHMKe «AiMa3-1A» GbUIM YCTAHOBEHBI ABE
eHHbl ¢ D, = 15M, Dy=1,5m, A= 10 cM Ans Kaxao#, BbIcOTa 0pOUTHI HAL
§Mnen H=280km. MrHOBenﬂoe none 3peHMs 10 rOpU30HTAIK CocTass-
Ay = 0,38°, no BepTukanu A8 = 3,8"; 151 06BLEKTOB Ha pacCTOAHUH

>® 500 KM OT cIyTHHKa NPOCTpaHCTBEHHOE pasperieHNe No TOPU3OHTATH

Jib HanpaBieHWsl ABUXKEHUs cnyTHHKaY AL = LAY = 3,3 km. [lpenen

HYEHHA peanbHoro (Pu3KUueckoro) pazmMepa aneprypbl G0pTOBOI aHTEH-

i oyTHMKA 611M30K K 15 M. K cuacTbio, 3T0 OrpaHndeHHEe MOXHO 060 -
¥, MCIICAL30BAB PAAHOIOKATOPbI C CHHTE3HPOBAHHOM aneprypoit (PCA).

B apunuune vzea dynkunoHuposanus PCA goctatouHo npocTa: Mc-

@N1b3yeTCA ABHXKEHHUE CAMOTO CIYTHMKA Y YCTAHOBNEHHOM Ha HEM aHTEH-
¢ peajibHOi aneptypoit (ckopocTb 6onee 7 km/c). CUTHANB, PUHSATBIE
Eﬂmoﬁ, 3arNOMMHAIOTCA U Janee CYMMMUPYIOTCA (HaKanJiKBaloTCs) KOM-
HOTEPOM B COOTBETCTBUU C BbipaxXeHueM (1.8), Tak uTo CUrHai ot 06beK-
M, npuHATLI B TOuke P (cM. puc. 1.15) B MOMEHT BpeMeHH f;, CKNalibl-
BRTCA C CMTHANIOM OT 3TOTO Xe 00BEKTAa, KOTOPLIH paHee NMpHHUMAncs
WEROMEHT [, KOTZIA CTIYTHUK Haxoauncs B Touke P’. Jlist 06bekToB, HAXO-
@Htinxcs OnuxXe K CNYTHMKY, HCNOJB3YIOT MEHBUIYIO CHHTE3UPOBAHHYIO
WACpTYDPY, ANs JaNbHMX ODBEKTOB pa3Mep anepTypbl PACTET MPONOPLMO-
@AIbHO POCTY PACCTOSIHMA L. 3TO NO3BONAET YMEHLLIATE MTHOBEHHOE MO-
8 apenusi Ay s NanbHUX OGBEKTOB U Ae1aTh Pa3peLieHHE HE3ABUCHMbIM
6F A bHOCTH, YTO HEJOCTHXMMO B ONITHUECKOM HuanasoHe. Mpu A =53 cum
Wi ofecniedeHus MPOCTpaHCTBEHHOTO paspetieHUs B 30 M Ha AaBHOCTH
wE | 000 kM HeobXxoauMa CHHTe3npoBaHHasn arneptypa 1,77 XM, Ha JaibHOo-
B8 L=1200 kM — 2,12 km.

Ha npakmike npnmensiores kak PIC BO ¢ peanbHoit aneprypoii (Mx Ha-
WRiHRIOT TaKcke HekorepeHTHBIMM PAC BO), Tak 1 PCA — Tak Ha3blBagMble
sgErepenTHele PJIC bO. MNpenmyuiecrsom HexoreperTHbix PJIC BO sasioT-
g# BoJice WHpoKast NoJoca 0b30pa M OTHOCUTEBHAS TIPOCTOTA KAK CAMOTO
@RAH0/10KATOPA, TAK U CUCTEMBI 00paboTkH MHbopMalku. Pagnonokalu-
@HH UL CHCTEMBI C CUHTE3UPOBAHHOI aNepTYpPOii MO3BOMAIOT 10AYHATh Ha-
Hfinuce BLICOKOE Pa3pelleHHE, HO TPeGYIOT CNoXKHOH CHCTeMb 06paBoTKy



Puc. 1.16. PaanonokaunoHroe n306paxeHite FTOPHOH MECTHOCTH Ha tore KpacHOoApCcKoro Kpas
(paspetueHue 100 M, BEpTHKANbHASE MONSPU3ALIHS)

Ha 6opTy. B LesioM xe nipoctpaHeTBeHHOoe paspeiteHue PJIC BO (10—100 m
anst PCA v 12 kM ang HekorepeHTHBIX PJIC BO) cpaBHUMO ¢ pa3pelleHu
€M onTHyeckux cucteM. Ha puc. 1.16 npeicTaBjieHO palKOJIOKaLMOHHO
n3obpaxeHue TOpHONH MeCTHOCTH Ha tore KpacHosipckoro Kpast ¢ paspe-
wenuem 100 M, nonyderHoe ¢ nomotiukic PCA,| ycTaHOBAEHHOTO Ha KOCMHU
eCKOM NUAOTHpYyeMoM annapare Space Shuitle (CLUA).

Iust curnanos PJIC oueHb BaxKHa UX 4YBCTBUTENLHOCTD K COAEPXKAHUIO
BObI B OObEKTAX, TAK KAK HAJIMYHE BOALI YBEJMUMBAET MPOBOANMOCTD CPC
N\l U UTHTEHCUBHOCTD OTPaXeHHa OT Hee. KakK v B ONTUYECKOM IHAIa3oHe,
B PaIMOBOJIHOBOM CHIHABI PA3THYHOH [UTHHBI BOJIHB! HECYT Pa3fIMuHYIO Ui
opmaitmio 06 okpyxalollel cpene. B uacTHocTH, 119 ryCcTOl pacTUTENIbHO
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¢I1H UHTEHCUBHOCTh OTPAXEHUS B MpefciaX CAaHTUMETPOBOro AvanasoHa
puereT npudbAU3NTENBbHO 00paTHO AIPOTIOPUHUOHANBHO ITMHE BOJIHbI, a [1s1
POJIKOM PACTUTEBHOCTH — OBPATHO NPOMOPLIMOHATILHO €€ KBalpaTy.

[nst paboThl B palHOAMAITIA30HE BECbMA BaXXHA NOAAPU3AULUSA OTPAXKEH -
HOW BOJIHBI — Hamnpas/eHUE BEKTOpa HaNPsXKEHHOCTH 3J1EKTPUYECKOTrO MNOo-
A E. PJIC Moxer u3nyyaTs CUTHAIBI C TOPU3OHTANLHOI MOsisipU3alueii
(SeKTop E pacronoxeH ropu3oHTanbHO) 160 ¢ BepTUKaibHoll (BekTop £
BACMONOXEH BEPTUKANBHO), a MHOIAA NIPUMEHSIOT 06a Buaa MONsipHU3a-
KU ropu30oHTANbHYIO HA ONHOI JIMHE BOJHBI, BEPTUKAIbLHYIO — Ha Ipy-
YoU. OtpaxeHHas oT 06bEKTa BOJIHA MOXET YaCTMMHO MEHSITh CBOIO MOJIsi-
g:gumo, M03ToMy NpHUEMHasi aHTEHHA CMYTHHKA HEPEIKO OCTPOeHA TaK,
FT00bI PUHUMATL CUTHANBI € IBYMS BUAAMM TIO/ISIPU3ALIMM HA KaXK/101 ya-
§rote. CpasnnBas 3TV CUTHaAbL, T.e. OLIEHUBAs AHM3OTPOINUIO NOASPU3ALUK
#@Mdryana, MOXHO NOJYYMTb QOMONHUTENbHBIC CBefeHUsl 06 00beKTE, ero
BEPYKTYpE U anekTpodm3ndeckux xapaktepuctukax. Ecnu cpencrsa aucran-
$HOHHOro 30HAUPOBaH S ONTHYECKOTO Arana3oHa Haubonee 3 GeKTHBHbI
BPH M3YUEHUH PaCTUTENBHOCTH, OOHAPYXEHUM MOXAPOB, OLIEHKE TeMIepa-
F¥Pbl [I0BEPXHOCTH, TO AKTUBHbIE CPEACTBA, paboTaloLIME B palMOANANA30-
N0, NepCneKTUBHBIL ISt TOJIy4eHUSI CBEAEHUI O NMOYBE U MEONOTHUHECKHUX
RTPYKTYpax, pu u3ydyeHUH BOJOEMOB, J1bIOB Ha CYLIE U Ha BOAE, B OKECAHO-
WOV ¥ HECKOJTLKO B MEHbLLeH CTENeHU 115t U3yueHHs pacTutenbHocTy. Ka-
EBCTBO PaninOJOKAUMOHHOM ChbEMKH HE 3aBUCUT OT OCBELLIEHHOCTH MOBEPX-
WPCTy 3EMIM U OT HAJIMUMST 061aUHOTO TOKPOBA, YTO BLITOAHO OTJIMYAET 3TH
IRCTEMbI OT ONITUYECKUX CPEACTB AUCTAHLIAOHHOTO 30HANUPOBAHUSI.

KocMuueckue niardopmsl, ocHailieHHbIE GOPTOBBIMU PAIH0OA0KATOPA-
W, — Hanbosee noporocrosinine, KpynHorabapuTHbIE ¥ MACCUBHbBIE CITYT-
BMKY M3 BCEX annapatoB, npelHa3HAYeHHBIX IS MCCIEA0BaHUs 3eMIIN.
R 3TOM CMBICJiE pEKOPACMEHOM Obij1 CIYTHUK «AjiMa3-1A» ¢ KOTEPEHTHOIA
WIC BO, umeBiuuit Maccy 18,55 T. OTMETHM, YTO Ha CIIYTHUKY OIHOBPEMEH -
o ¢ RJIC BO, xak npaBi/io, ycTaHaBIMBAKOT U arlnapaTypy AMCTaH {MOHHO-
¥O 30HIMPOBAHUS ONTHYECKOTO AMana3oHa.

K cpeacTsam akTMBHOTO paaHOAOKALIMOHHOIO 30HAUPOBAHUS OTHOCAT
BRKXe BbICOTOMepbl U CKaTTepoMeTpbl. PannonokaiioHHbIE BBICOTOMEPDI
HPHMEHSIOT LTSl U3MEPEHHS BLICOTHOTO NPOUIst MOACTUIIAIOLIEH MOBEPX-
BBCTH C TOYHOCTHIO 2—8 CM 1 sl noaydeHus nndopmanuu o popme mMop-
Ol MOBEPXHOCTH, IPABHTALMOHHBIX AHOMANNSIX, BbICOTE BOJIH, CKOpPO-
Y BETPa, YPOBHSAX IPUAUBOB, CKOPOCTU MOBEPXHOCTHBIX TEUEHUH, IeAOBOM
POKpOBE U T.A.

[IpUHUMIT AeACTBUSL CKATTEPOMETPOB (M3MEPUTENEH XapaKTEPUCTUK
BaccesiHUsI) OCHOBaH Ha 3aBUCUMOCTH 3 (PEKTUBHOI TINOLIANN paccesi-
Binsi MOPCKOI NOBEPXHOCTH U €€ aHU3OTPOTIMHU OT CKOPOCTH U Harpape-
Bus BeTpa. OCHOBHbLIM Ha3HaYEHUEM UX ABJISIETCS OTNPeaeTEHHE CUHOMTH-
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Oszepo  ——3

50K
1000 M HanpasneHune 1BuxeHus
— -
Moupa —-em——— INousa cnyers
rnocse A0XAsi [1BA [JHSL 1OC/IE JOXKIIS

Puc. 1.17. PanuosipkocTHbIE TEMTIEPATYPb! YHaCTKA MOBEPXHOCTH, CHSIThIE C BLICOTbI SO M (A=
= 20 cM, BepTHKaALHAs NOJAPU3ALINA)

4eCKOro noJisi BeTpa, YTo He TpeOyeT BLICOKOTO NPOCTPAHCTBEHHOIC pa3pe-
HIEHUST; CKaTTepoMeTphbl coznatoTest Ha ocHoBe PJIC ¢ HenpepbiBHBIM K37Y-
YEeHUEM.

B 3akiioue HUE KPaTKO OCTAHOBHUMCS! Ha NACCUGHOM PANOTEXHHUYECKOM
METO/Ie HaOJOAEHHMsE 3eMHOI1 MOBEPXHOCTU M3 KOCMOCA — palMOMETpHUYE-
CKOM 30HAMPOBAHUN B MUKPOBOJHOBOM auanazoHe (4actotbl 1—100 T'Tix).
Kak v npubopsl mansiero UK-ananasona, panMoMeTpbl perucTpUpyIoT
cOOCTBEHHOE TEIJIOBOE U3NYyUEHUE NOBEPXHOCTH (pUc. 1.17). OBbIUHO UX Ka-
JIUOPYIOT B paiNALIMOHHbBIX (PaMosipKOCTHLIX) TeMMnepatypax T,. [1o cpas-
HeHuIOo ¢ 30HANpoBaHreM B UK-obnacTu cnekrpa paqMoMeTpuyecKuii Me-
101 06JlafaeT BaXHBIMHM NPEUMYILIECTBAMU. BO3MOXHOCTBIO IMOJyYEeHUSs
WH(pOPMaLIMK 0 NapaMeTpax BEpXHEro ¢/1osl TpyHTa (HampuMep, o BJaXHO-
CTH Ha raybuHax A0 [—2 M), 0 napaMeTpax JessHOro MoKpoBa, MOPCKOro
BOJIHEHUSt U Ap. B 3T70M nuanasoHe BoJH aTMocdepa NpakTUYeCKH Mpo-
spayHa. [To cpaBHenuio ¢ UK B panvoauanazoHe HabAwNa0TCA 3HAYU-
TEJIbHbIE SIPKOCTHbIE KOHTPACTbI MPHU OAMHAKOBLIX TeMIlepaTypax 00beK-~
TOB.

BMecTe ¢ TeM panoOMeTpUueCKUM METOIaM CBOMCTBEHHB! M TPUHLIMITH-
anbHble HEAOCTATKU: MEHBLIIEE YIJIOBOE pa3pelleHue, 4eM npy HHdpakpac-
HOW pairoMeTpUM, a Takxe Oosee HU3Kasi aBCOMIOTHAas TOYHOCTh U3MEpe-
HUSI TEMTEPATYpPbl, TaK KaK B COOTBETCTBUHU ¢ popmyioii [1nanka npu
06bIYHOM TEMIIEpAType TJIOTHOCTb NMOTOKa MOLUHOCTH u3ssiyueHusi B UK-nu-
aria3oHe BO MHOTO pa3 boibiile, 4¢M B MUKPOBOJTHOBOM.
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1.3.3. CnyTHUKOBLIE METOAb! MCCACAOBAHNS aTMocdept!

UckyecTBEHHLIE CNYTHUKM 3eMH NT03BONSIOT He TOJIbKO HabnonaTh U3
EOCMOCA 1IOBEPXHOCTD CYIIW, BOIOEMOB U 001aK0B, HO M OTIpEeNATh CPel-
Y HMIMM ONTHYECKO CREKTPOCKONUM KOHLIEHTPALIMIO HEKOTOPBIX Ia30B
# 4)PO30aeH.

FcrecTBeHHBIE M AHTPONOrEHHbIE TPUMECH, Bbi3blBAIOLINE JIOKAIbHOE
SHTPSIIHCHUE TEPPUTOPHIA, MOTYT Pa3HOCKTHCS MOTOKAMU BO3yXa no Bee-
My scMHOMY Lapy. Hanpumep, BoiGpocsl HOpUbCKOro ropHO-MeTainypru-
Yeckol'o KombrHaTa 3aMeTHH Ha Aisicke U B Kanane, B ANoHUM HIyT KUc-
AOTHBIE LOXIN W3-3a NPOMBILLLIEHHBIX BbIGpocoB B Kutae. OcHoBHast poiib
B upisiBIeHUA [100ANBHOTO 3arpsA3HeH s aTMOChEPbl OTBOAUTCSI CITYTHUKO-
BbiM MeToaaM. [Uist oteHuBaHmst coniepxarnns manbix razos, CO; v asposo-
Aiell ncnonb3yloT cnyTHUKOBbIE criekTpodoTtomeTphl. Ha puc. 1.18, noctpo-
£HIIOM TIO JaHHbIM ciyTHUKa TOMS/EP 3a | oxTsabps 1994 r., BHAHbBI
anibpocul SO; npu u3BepxeHny ByskaHa Kiouesckas corika (oTMmedcHa
Kpectom), Hopuiasckoro koMGrHara (cTpenka) v Beibpocht w3 Kutas (BHU-
3y PMCYHKa).

CrnekrpodoroMeTphi YP- ¥ BUANMOTO AUATIA30HOB PETUCTPUPYIOT HH-
TEHCUBHOCTB paccesiHHOro «Hasad» usayyeHus Conxua. Cnexrpodotome-
Tpui MK-nuanasona GukcUpyoT MHTEHCUBHOCTL MPOLUEAILIEro Yepes aTMo-

Puc. 1.18. Kapra BoiGpocos SO; Mo cHyTHHKOBbLIM JaHHbIM 32 | oKTS6pH 1994 1.
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cpepy TCIIOBOIO M3NYUCHHS OT NOBEPXHOCTH 3eMJIN ¢ 00s1aKoB. HacTuibl
a3po3osicih, KaK NpaBKio, uMeioliive Hecthepuuceckyio Gopmy, noi AeHCTBH -
CM BO3AYIIHBLIX MOTOKOB OPUEHTUPYIOTCS TTPUOJU3UTENBLHO B OAHOM Ha-
TIPABJICHUHM, MOITOMY COJIHCYHbIH CBET, paccesiHHbIH a3p030/9MH, UMEET -
JUNTUYECKYIO nossipusaunio. M3Mepsist xapakTepUCcTUKU Nnoagpusaunu
PacCcesiHHOTO U3TYUeHUS, MOXHO OLIEHWUTh KOHUEHTpaLHIO 23P0301EH.
TIpn onpeneneHUM CNYTHUKOBBIMU METONAMU 00LIEro colepXKaHusl
030Ha O3 (OCO) B aTMOchepe NCTIONB3YIOTCH MHTEHCUBHBIE NMOJIOCHI NTOTI0-

ncHust o3oHa B Y- u UK-obnactax.

1.4. AMCTAHUMOHHOE 30OHAWPOBAHUE 3EMAU N3 KOCMOCA
1.4.1. Op6utbl CMYTHUKOB

TpaeKTopus ABUXEHHUSI UCKYCCTBEHHOTO CIIYTHHMKA 3eMJIM Ha3blBaeTCsl
ero opouTOoit. I1pH BLIKIIOYEHHBIX MapILIeBbiX PEaKTUBHbBIX IBUIaTelsIX CBO-
OofHOE ABVXEHWE CITYTHUKA MO JeiCTBUEM IPaBUTALIMOHHBIX CHJI U MO
MHEPUUH NoIUMUHAETCS 3aKoHaM HeGecHOM MexaHnku. CunTas 3eMJtio CTpo-
T0 chepUUeCcKOl C PaBHOMEPHBIM PACTIPEACACHUEM MACChl BHYTPU Hee,
a neAcTBHE rPaBUTALHOHHOTO N0 3CMJH eIMHCTBEHHO CUIION, AeHCTBY-
JO1IEH HA CNYTHUK, MOXHO PELIMTh TaK HasbiBaeMylo 3adauy Kenaepa, Ko-
TOpasi CBOAMTCS K YPAaBHEHUIO KPHUBOM BTOPOTO NOPsi/iKa — 3AMNca (M1 K-
PYXXHOCTH — YacTHOTO CJIydast 3Iunca);

md2r/df? = —ymMr/r3, (1.10)

roe m — Macca criytHuka, M = 5,976 - 1027 r — macca 3emiau, r — panuyc-
BEKTOpP, COCAMHSIOWMIH CITYTHUK U LIEHTP 3€MJIH, F — €ro MOIy/b, Y=
= 6,67-1071% M3/rc? — rpaBuTauMonHas nocrosiHHas. Pelas ypaBHeHHe
B [OSPHBIX KOOPAMHATAX 7, V, [10J1y4aem

r=p/(1 + ecosv). (111

DnannTuueckas opOuTa, Mo KOTOpoit Bpainaetcst cnyTHUK (puc. 1.19, rae
B TOUKE S HaXOAMTCA CITYTHHUK, a B TOuKe G — 3eMJist), XapaKTepH3yeTcs Clie-
AyIOUIMMH napamerpaMu: a = A0 u b= OC — 6oavwan u masas noayocu 31-
annca; e= (1 — b2/a?)2 — sxcuenmpucumem opoumei; yron I1GS — yrnosas
KOOPAKHATA Vv pauyca-BeKTopa (TakK Ha3blBaeMasl UCHUHHAS AHOMAAUR),
orarouviit napamemp p= b2/a, p= K2/ym*M, rie K — MOMEHT KOJIM4ECTBA
ABMXeHus cnyTHuka, K napamerpam opOUThl CyTHUKA OTHOCUTCS TAKXKe
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IiockocTh OpOUTHI
CHyTHMKA

Puc. 1.19. Dnannruveckas opbura

nepuod obpawenus T — BpeMsi MEXIY ABYMst 1TOCJIEA0BATEAbHBIMU TTPOXOXK-
LNeHUSIMU OHOW W TOM X¢ TOYKW OpOUTHI.

B pamkax 3apauu Kensiepa ciyTHUK JIBMUXETCS B HA0CKOCIMU 0pOUnbL,
npoxoasitieit yepes neHTp 3emau. B Tak HasbisaeMoi afconomuoll uau 36e30-
HOU CUCTEME KOOPAWHAT IJIOCKOCTh OPOUTHI HENOABUXHA. AGcoNioTHas Cu1-
CcTeMa — 3TO JIEKapToBa CUCTEMa KOOPIMHAT ¢ HAYANIOM B LICHTPE 3eMJin, He-
MoABMXKHast OTHOCHUTENBHO 3Be31. Och Z HarpasiicHa BAO/Ib OCH BpalicH1s
3eMJiM M yKa3biBaeT Ha ceBep, OCb X HalpapBneHa Ha TOUKY BECEHHEro paB-
HOAEHCTBMS, B XoTOpoH HaxoanTtes Connue 21 Mapta B 0 4 o BCEMUPHO-
MYy BpeMeHH, a OCb Y neprnieHnuKyIsipHa ocam X'u Z.

B ob11iem ciysae mockocTb OpbUTHI IEPECEKAETCS C IJIOCKOCThIO 3KBa-
TOpa 3eMH 1O TaK Ha3biBaeMoM auHuuU y3noe (M. puc. 1.19). Touka B, B ko-
Topo¥ opbuTa NepecekaeT MIOCKOCTb 3KBATOPa NPH ABUXECHUU CTTYTHUKA
C 10Ta Ha ceBep, Ha3bIBACTCS 60CX00AULM y310M OPOWTHE, TOUKA H nepeceue-
HMS PU ABUXKEHM Y CIIYTHUKA C ceBepa Ha 10T — Hucxo0auum yanom. Iono-
JXEHHME BOCXOSILLETO Y3/1a ONpeAeNsieTCs d0420mol 60cx003uez0 y3nd, T.€. yr-
AoM Q MeXILy BOCXOASIIIMM Y3JIOM U TOYKOHM BECEHHEro PaBHOACHCTBUS,
OTCYUTBIBAEMbIM MPOTHB YacOBOH CTPENKH, €CIIH CMOTPETh CO CTOPOHBI
CesepHoro noatoca. s NMHKWHK Y3108 33al0T iBA YIia B TIOCKOCTH opon-
Thl. YFOJ1 0 — yrI0BOE paccTosiHKE, OTCUUTBIBAEMOE OT BOCXOISILIETO Y31a
B MJ10CKOCTH OpOUTHI 10 nepuzes opOumoi {1, T.e. 6anxaitinei x 3eMie Tou-
KY OpOUTH CLIYTHUKA; () HA3BIBAIOT apeyMeHmoM nepuzes. Yroj i Mexay nio-
CKOCTBIO OPOUTHI U MJIOCKOCTBLIO 3KBATOPA, HA3BIBACMbII HAKAOHEeHUEM Op-
bumbt, OTCUUTBHIBAETCS OT NIOCKOCTH 3KBATOPA C BOCTOMHOMW CTOPOHDI
BOCXOJIALLETO y3/1a OPOUTHI, MPOTHUB ABHXKEHUS 4acoBoi cTpeaku. Tlo Hakio-
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HEHUIO pasnuumor axkeamopudasksie (i=0°), noaapuste (i=90°) n Haka0HHbIE
(0 <i<90°, 90 < i< 80°) opOUTHI.

Hoarora socxogsitero y3ia Q, HaKJOHEHKE / M aPTYMEHT Mepuresi o xa-
PAKTEPUIYIOT IMOJOXEHUE IUIOCKOCTH OPOUTHI 1 €€ OPHEHTALIMIO B TPOCTPaH-
crBe. Dopmy 1 pasmep opOUTHI 321a10T (POKATbHbBIH MapaMeTp p H 3KCLEeH-
TpUcuTeT e. JLisi NpuBA3KY ABUXECHMUSI CIYTHMKA KO BPEMEHMU B YUCO
3N1EMEHTOB BBONMTCS BPEM$ NPOXOXAEHMS CYTHUKOM TOUKY Hayala oTcue-
12 fy. COBOKYMHOCTb NapaMeTpoB Q, o, /, p, €, Iy Ha3biBACTCS KeNaeposCKU~
MU IAEMEHMaMu NIV I1eMenmamu opoumel.

3Hasi napameTpbl Q, ®, i, p, € U TIOJIOXEHHE CYTHUKA Ha opOuTe B MO~
MCHT £y, MOXHO HAHTH 3TO TOJIOXKEHUE B 11000 APYTroii MOMEHT BPEMEHM f;.

TlycThb CyTHUK IBH~
XKeTcst BoKpyr 3emau G
Nno JUIMATUYECKON Op-
oute. [poBeaeM K3 LieH-
Tpa 310 OpOUTHl O OK-
PYXHOCTb pAaLUYCOM,
PaBHbIM 0OJIBLLIOH NOJTY-
ocu asunca (puc. 1.20).
Mpeanosoxum, uTO
B MOMEHT !/, CIYTHHK Ha-
XOAMJCS B NEPUTETUN
Pitc. 1.20. Auarpavma, wamoctpupyioutast suancicyue  OPOUTH JT, a B MOMEHT
MOAOXKEHHs CIYTHHKA fy CMECTHICS B TOUKY S.

Yroa /1GS (Mexay Ha-
NpaB/eHHEM Ha MTEPUTEIUI 1 paiyCOM-BEKTOPOM), KaK YKa3bIBAJIOCH, Ha-
3LIBAETCS] UCMUHHOI AHOMAAUel v B MOMEHT f. TIpoBenem yepes S npsimMyio,
NEPHeHANKYISIPHYIO K ocu Of1 v nepecekaloulyrocs B Touke Pc OKpyXHO-
cTht0. Yroj ITOP Ha3bIBaeTCs IKCUeHmMpuveckoll anomanuell E B MOMEHT 1.
IpeacraBum Tenepb TOUKY, KOTOPast BBIXOJWT U3 NEPUTENNs ONHOBPEMEH -
HO CO CrTYTHUKOM M ABUXETCst NO OKPYXHOCTH PABHOMEPHO CO CKOPOCTbIO,
paBHOI CpeaHell CKOPOCTH JABUXEHMS CITYTHMKA 10 opdute. DTa cpenHss
CKOPOCTh Ha3blBAETCs cpedHum deuscenuem v paBua n = 360°/T, rne T —
nepuon odbpawienvs. Ecin B MOMEHT £y Takast TOUKA 3aiiMET nojioxeHue P,
To yron ITOP’ Gyner paBeH M= n (fy — t,). Dta BeIMUMHA HA3LIBAETCS Cpeo-
Hell aHomanuell B MOMEHT f;. Pelast TpaHCLUEHAEHTHOE YpaBHEHHUE

-

E—esinE=M,

Ha3biBaeMoe ypaBHeHueM Kernepa, MOXHO HAUTH 3KCUEHTPUYECKYIO aHO-
mannio E. McTuHHasg aHoManust v, XapakTePU3YIoLas MoJI0XEHUE CNYTHHU-
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