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KocMHY€eCKOe paaHOI0KAI[HOHHOE HAOII0aeHHe
BO3/1€HCTBHA NMPHIIOBEPXHOCTHONO BeTpa Ha aHOMaAbHO
yY3KOHanpasJ€HHO€E pacCcedAHHEe PagHOBOAH NMPH 3010BOH
TPAHCINOPTHPOBKE NMECKa H NbIIH B MyCTHIHHBIX 001aCcTAX

Ilpeomem u yenwv pabomei. Llenvio 0annoli pabomul A6AEMCA UCCTE008AHUE BIUAHUSL 6EMPA HA AHOMATLHOE PACCEsHUEe PAOUO-
60JIH NPU 008X NPOYECCAX MPAHCROPMUPOBKU NECKA U NbLIU.

Memoowt u memooonozusn pabomsl. B cmamve anaiuzupyomes npocmpancmeeHHble apuayu NPUNO8epXHOCMHO20 6empa
U UX GIUSAHUE HA XAPAKMEPUCTNUKYU AHOMATILHO Y3KOHANPABIEHHO20 00PAMHO20 PACCEHUA PAOUOBOTH NO OAHHBIM MHOL0NEMHUX
uccnedosanuti nycmoinnvix obnacmeti dnv-Iicyd, Axwap u Tpapsa 6 Maspumanuu paouonokamopom ¢ cuHmesupo8aHHOU
anepmypoii (PCA) uckycemesennozo cnymuuxa semnu (MC3) Envisat-1.

Pezynomamut pabomur. Ananusz oannvix PCA ceuoemenscmseyem, umo uHmeHncusHOCMb paccesius paouooit Ha noosem-
PEHHBIX CKIOHAX necyansix epao bonee yem na 12...15 0F sviuie, uem om cKioH08, HAXOOAUWUXCA @ 30HE KBEMPOBOL MEHU», YMO
ceudemenbCcmsyem 0 HenoCPeOCMBeHHOM GIUAHUU NPUNOBEPXHOCHIHO20 6empa Ha 0bpamuoe paccesinue paouosonH npu 2010~
60il mpancnopmuposke necka u nviiu. Ionyuensi 3aucumocmu usmenenuti Kodpduyuenma 06pamnozo paccesnus G° om yena
JI0KanbHo20 001yuenus 0 60onb ceuenuil hpazmennos 00HOPOOHBIX YHACHKO8 PAOUOTOKAYUOHHBIX U300PAdCEHUT NOBEPXHOCTIU.

3axntouenue. [Jannvie PCA ceudemenvcmsyiom, umo npocmpancmeenHoe pacnpeoeneHue MakCUMAibHbIX 3HAYeHU UHMeH-
CUBHOCTU AHOMANLHO Y3KOHANPABLEHHO20 0OPAMHO20 PACCEsHU PAOUOBOTH COOMBEMCIMEYem NPOCMPAHCMBEHHOMY pachpe-
OelleHUI0 NPUNOBEPXHOCMHO20 6empa. FIHMEeHCUBHOCHb 00PAMHO20 PACCesHUsA PAOUOBOIH, HAYUHASL CO cKopocmu 2 mlc u gbiuie,
yemouuugo 3asucum om ckopocmu éempa. M. 5. bBubnuoep.: 15 nass.

Knruesvie crosa: pa0u0ﬂ0Kauu0Hnoe Ha6ﬂiobenue, AHOMAJIbHO Y3KOHAanpaeleHHoe 06pamHoepacce}mue‘paduoeoﬂn, 20/108bl1l

neperoc necka u noliu, npunoeepxnocmnbzﬁ eemep.

D0J0BbIE MPOLECCH TPAHCHOPTUPOBKHU IECKa U
MBI BETPOM — MOIIHAsI 3PO3UOHHAsl CHja, KO-
Topas (popMHUpYeT MIOHBI, TECYaHYIO0 PsAOL W 3a-
rpy’kaeT arMocgepy B3BEUICHHBIMH a3p0O30JIs-
MU TBUIH, PacIpOCTPaHIIOMKUMUCST Ha OTPOMHBIE
paccrosius [ 1]. OnHoit u3 obnacte, rae perymsp-
HO (0COOEGHHO B OCEHHE-3MMHHUI MEpHol, Korna
C CEBEpPO-BOCTOKA MPAKTUYECKU MOCTOSHHO IyeT
BETEp) Pa3BUBAIOTCA KPYIHOMACIITAOHBIE 30J10-
BBIE IIPOLIECCHI, SIBIAIOTCA TOKPHITHIE IECYAHBI-
MU JIFOHaMU 3alajgHble Y9acTKH MycTeiHu Caxapa
(Onp-xyd, Axmap u Tpapsa), pacmonoxeHHbIe
B Maspuranuu. {71 3TuX y4acTKOB (TaKk Ha3bIBa-
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EMBIX «3PTOB») XapaKTEepPHO HAJIWYHUE JIOH U Oap-
XaHOB, a TaK)Ke MOYTH TOJIHOE OTCYTCTBHE PACTH-
TENBHOCTH. /[TMHa 3pra MOXeT COCTaBIAThH Ooiee
600 kM, mmpuHa Mectamu nocturaer 200 km. Ha
MHOTHX PaJMOJIOKAI[HOHHBIX U300paKEHUSIX ITOU
o0actu ObLTO OOHAPYKEHO AHOMAJILHO MHTCHCHB-
HOE€ ¥ y3KOHANpaBJICHHOE yBEeJIUYEeHHUE 00paTHOTO
paccestHusI paJoBOIH OT IIECYaHOH MTOBEPXHOCTH,
KOTOPOE HE MOTJIO OBITh OOBSICHEHO B paMKax Tpa-
JUITMOHHBIX NPEJCTABICHUH O MEXaHU3Me TaKOro
paccesnust [2—4]. B crarbe aHaTU3UPYIOTCS OCO-
OCHHOCTH BO3JICHCTBHS MPUIIOBEPXHOCTHOTO Be-
Tpa Ha aHOMAaJbHO Y3KOHAIpaBIIEHHOE 00paTHOE
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Puc. 1. Pagunonokanuonssie u3obpaxenns (PJIN) necuanbix rpsa ydactka spra Amatlich, momyuennsie PCA MIC3 Envisat
21.12.2004 1. (a) n 18.02.2004 r. (6) (© ESA); 6, 2 — dparmenTs! PJIV, BeIneneHHBIE IPIMOYTONEHUKAMH Ha (@) 1 (6), COOTBET-
cTByIOLIME UM TpexmepHbie (hparmentsl PIIU (e, o) u ontuaeckoe (Google maps) nzobpaxenue Toro xe Gpparmenra (o)

paccesHue pajIOBOJIH, MPOSIBIISIONICECS MPU pa-
JIMOJIOKAIIMOHHBIX HMCCIIEI0BAHUIX 0JIOBBIX MPO-
IIECCOB TPAHCIIOPTHUPOBKH NECKAa U MBUTH B IIyC-
TBIHHBIX pailOHAX, KOTOPbIE MOTYT OBITh HUCIIOJb-
30BaHbI JUIsl IMCTAHIIMOHHOTO OIPE/ICIICHHUS TTapa-
METPOB TaKOH TPAHCIIOPTHPOBKH.

1. IlpocTrpaHcTBeHHbIe Bapualuu MPHUIIO-
BEPXHOCTHOI'0 BETPA M X BJIMsIHHE HA AaHOMAJIb-
HO Y3KOHAIIpaBJIeHHOe 00paTHOe paccesiHue pa-
JMOBOJIH. PaccMOTpuM mapy pajnoJIOKauoH-
HBIX HM300pa)XEHHH OTHOTO M TOTO JK& ydacTka
necyanbIx rps spra Amatlich nemonanexy ot no-

22

cesika AKXKYXKT B MaBpUTaHUH, TOJTyYCHHBIX B pe-
’KHMMe BBICOKOT'O IPOCTPAHCTBEHHOTO Pa3peLIeHuUs
(~12 M) paguoIoKaTopoM C CHHTE3UPOBAHHOM aIl-
neprypoii (PCA) HCKyCCTBEHHOTO CITyTHHKA 3€M-
mu (UC3) Envisat-1 (puc. 1).

Ha puc. 1, a npuseneHo paanosokallMOHHOE
nzobpaxenue (PJIM) sroro paiioHa, momydeHHOE
21 nexabpst 2004 r. HampapneHue mnpHIIOBEpX-
HOCTHOTO BETpa B MOMEHT ChEMKH, 10 TAHHEIM [ 5],
OBUTO TOTrO-3amaaHoe (Ha puc. 1, a, e — mTpuUxoBas
CTpenKa), Ha puc. 1, 6 MPHUBEIEHO YBEIMYEHHOE
PJIN aHamu3upyeMoro y4acrka U COOTBETCTBYIO-
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jee eMy TpexMepHoe uzobpaxenue (puc. 1, e), mo
ocsM X u Y KOTOPOTO OTIIOKEHBI PACCTOSTHHSI T10
MTOBEPXHOCTH, a M0 ocu Z — yAENbHBIA KO3PQu-
LHEHT 0GpPATHOTO paccesnus 0. Takxke Ha puc. 1
npuseneHo PJIM storo xe palioHa NecyaHbIX TIPS
spra Amatlich, moxyuennoe 18 despans 2004 r.
(puc. 1, 6), ero ¢parment (puc. 1,2) U cOOTBET-
CTBYIOIIIEE TPEeXMEpHOE m300paskenue (puc. 1, arc).
Ha puc. 1,0 mokazano onrtudeckoe H300paxe-
HUE BBIJICJIEHHOTO y4yacTKa MecyaHblX rpsa. Ha-
MpaBJeHUE MPHUIIOBEPXHOCTHOTO BETPa B MOMEHT
CHEMKH, 10 JaHHBIM [5], OBLIO CEBEPO-BOCTOYHOC
(Ha puc. 1, 6, oc — mrpuxoBas crpenka). Ludpa-
MH Ha BCEX M300paKEHUSAX 0003HA4YEHBI: 1 — rpe-
OCHb TIECYaHOW TpsAIbl, 2 — BEpIIMHA KPYIHOTO
OapxaHa, 3 — FOro-3arnajHblil CKJIOH rpsibl, 4 — ce-
BEPO-BOCTOYHBII CKJIOH IPSJIbL.

st ananu3a Ob11 BBIOpaH y4acTOK 3pra, YKIOH
KOTOPOIO HE MPEBBIIIAET 5...7 rpagycoB. AHanu3
ITUX U300paKeHUI yOSAUTEITEHO CBHICTEIHCTBY-
€T, YTO, HE3aBUCHMO OT HAIpaBIICHWS BETpa, MH-
TEHCHUBHOCTh PacCesHUs PaJMOBOIH Ha MOJBET-
PEHHOM CKJIOHE MecyaHoil rpsapl Oojee yeM Ha
12...15 n1b npeBbllIaeT MHTEHCUBHOCTH pacces-
HUS OT CKJIOHA, HAXOISILIErocsl B 30HE «BETPOBOM
TEHW». DTO CBUAETEILCTBYET O HENOCPENCTBEH-
HOM BIIMSIHUH TIPUITIOBEPXHOCTHOTO BETpa Ha 00-
paTHOE paccesiHHE DPaaUOBOJIH, MPOSABISIONIEECS
IIPU DOJOBOW TPaHCIOPTHPOBKE MECKa M MBUTH B
MyCTBIHHBIX PaiOHAaX.

2. Bo3jaeiicTBHe NPUIIOBEPXHOCTHOrO BeTpa
Ha JJIeKTPpUYecKoe moJjie BOJIU3M NMecyaHoi mo-
BepxHocTH. OYECHb BaXHYIO POJIb B HMOHH3AINHU
MIPUIIOBEPXHOCTHOTO MPOCTpaHCTBA U (hopMupo-
BaHMH aHOMAJIBHO Y3KOHAIPaBIEHHOTO OOpaTHOTO
paccesHUsI paJvOBOJIH TPH 30JIOBBIX Hpoleccax
nepeMelIeHus Necka U nblin [ 1-3] urparor cuiib-
HBIE 3JIEKTPUUECKHUE I10JI5, BO3HUKAIOLINE IIPH T1e-
pEeMeNIeHNN W COoyIapeHuu TecunHok [6—8]. Ha
puc. 2 [9] mpencTaBieHBI SKCIEPUMEHTATHHBIC
PE3yNIbTaThl U3MEPEHUS HAPSHKEHHOCTH DIICKTPH-
YEeCKOTO IMOJIsl Ha Pa3InYHON BBICOTE HAJ MOBEPX-
HOCTBIO IIPU 30JIOBOM TPAHCIIOPTUPOBKE IE€CKa U
IBIIH. XOPOIIO BUIHO, YTO HANPSDKEHHOCTD OIS
OYCHb CHIIBHO YBEIHYHMBACTCS C yMEHBIICHHEM
BBICOTHI, JOCTHTas (B YCIOBUSX MECYaHBIX Oypb)
3HaueHuid B 160...250 kB/M, U3MepeHHBIX Ha BBI-
core 1,5...2,0 cM OT MOBEPXHOCTH. DTH CUIIBHBIC
0TSl IPUBOIAT K TOMY, YTO OCHOBHAsl Macca Iie-
PEHOCHMOTO IIECKa IPMXKUMAETCS K IOBEPXHOCTH.
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Puc. 2. DxcriepuMeHTaNbHBIE DPEe3ylbTaThl M3MEpPEHUs Ha-
MIPSDKEHHOCTH DJISKTPHYECKOTO IONsT Ha Pa3sIMYHOH BBICOTE
HaJl MOBEPXHOCTBIO MPH 30JIOBOI TPAHCIIOPTUPOBKE IeCKa 1
neln [9]

CornacHo [6, 10] 1 skcIepyUMEHTABHBIM JJAHHBIM
[8, 11], oxomo 50 % maccel mecka MepeHoCUTCs B
cinoe 3...4 cM HaJl IOBEPXHOCTHIO, IIPH ITOM MaK-
CUMYM ITOTOKA MaCChl HAXOAUTCA Ha BBICOTE OKOJIO
1 cM HaJ MOBEPXHOCTBIO.

Takxxe B [9] 0TMEUYEHO, YTO MPHU HAMPSKEHHO-
ctu monsa 160...250 kB/M B mepeHOCHMOH mec-
YaHO-ITBUIEBON Macce (BO BpeMsl ITecYaHbIX Oyph)
PETYISIPHO HAOIFOAAETCS BOSHUKHOBEHHE MOIITHBIX
MOJIHUECBBIX paspAaa0B, HO IPpUPOJa 3TOTO SABJICHUSA
HE COBCEM IMOHATHA, TaK KAaK WM3MEPCHHBIC MPH
9TOM 3HaYCHHUS HANPSHKEHHOCTH TIOJISI HE OCTUTA-
FOT BEJIMYWHBI TPOOMBHOTO HAMPSKEHUS IS YHC-
toro Bo3mayxa (1,25 kB/mMm). Cama ke BO3IYIITHO-
NeCUaHO-TIBLICBAs CpeNia BeJeT ceOsl KaKk HOHH3H-
pOBaHHAasg — aHAJIOT MBUIEBOW TUIa3MBI, HO C pa3-
mepom yactull oT 20 mo 500 mxm [12]. Tlo pe-
3ynbTaTaM 3KCIIEPUMEHTAJIBHOTO HCCIIeIOBAHUS
3aryxanua CBY-uznydenusa yactoroil 9,4 I'Tu B
bTEBOM Oype ¢ BuanMOocThio Vi, ~ 10 M 1 ipoBo-
JUMOCTBIO MepeHocHMoro mecka 2,634 + 0,734i
[13], monyueno 3naueHue 3aryxanus 0,034 nb/m,
KoTOpoe mpeBblmaer Oojee yem B 30 pa3 3Have-
HUS, PAcCUMTAHHBIE 1O TPAAUIMOHHON TEOPHUH
paccesausa. B [14] npemioxkeHa aHaIUTHIECKas
dopmyna JUis OLIEHKH pacCEsSHHOTO 3aTyXaHUs
A CBY-pagnousinydeHusi ¢ BOJHOBBIM YuCIOM K
IIpU paclpoCTpaHCHUU B MBUIEBOH Oype ¢ BUAM-
MOCTBIO V|, B IPEANOIOKEHHH, YTO TAKOE CHIIBHOE
3aryxaHue 0ObICHIETCS BIMSIHIEM HEOIHOPOIHO-
TO MPOCTPAHCTBEHHOTO PACIIPEIEIICHUS IIEKTPH-
YECKOT0 3apsijia C MOBEPXHOCTHOM IIOTHOCTBIO Oy,
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Puc. 3. DKcriepuMeHTaIbHBIE 3aBUCUMOCTH [ 15] o° mockoro
HPSIMOYTOJIBHOTO IIa3MEHHOTO 00pa3oBaHMs TPH OO0Iyde-
HHUH paOM3Iy4eHHEM C YacTOTON: KpHBas 1 — 3HAYUTEIHHO
HIDKE COOCTBEHHON YacTOTHI IUIa3MBbI; KpUBasi 2 — COBIIAAI0-
et ¢ cCOOCTBEHHOM 4acTOTOH IJTa3Mbl; KpHBasi 3 — MPEeBbIIIa-
IOIIeH COOCTBEHHYIO YacTOTY IIa3MBI
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Puc. 4. Oparment PCA m300paxeHns (a) ydacTka ITyCTHI-
Hu Tpap3sa Envisat-1 ASA GM1_1P, 2012-02-01 (© ESA) u
COOTBETCTBYIOIHE eMy Ipaduku (6) 3aBHCUMOCTH KOd(dH-
IIUEHTa O OT yIVIa JIOKAJIBHOTO 00y4eHHs! O BIOJb CeUeHUH
¢parmenToB 1-4 (kpuBast 5 — ycpeHEeHHas 0 JaHHBIM KpH-
BhIX 1-4)

M0 MOBEPXHOCTH IMECYMHOK OTHOCHUTENIBHO YyIa
HaOIIOICHIS 6(60):

2
A= 204ps| &= &

A +
\' & +2¢
90 E— & ’
+—Dgkey| =—2| +
Vy & +2¢

24

2 .
7,5k4 6 2,052(85—80) sin@?(c”)

+—9 DJCy = 3
£y Ef (1-cos6,y) Vy

rae Dy — nuamerp necuuHky; £, — IPOBOAUMOCTh
BO3/yXa; £ — IOBEPXHOCTHAsl IPOBOAUMOCTS IEC-
YUHOK; 8;,’ — TPOBOAMMOCTH MECYHHOK OTHOCH-
TenbHO Bo3xyxa; C,y — cyMMapHBIN a1eKTpudec-
KU 3aps NECUMHKY; Oy — INIOTHOCTH NIECUMHKH;
E; — HampspkeHHOCTH Totst u3nmydenus. K coxae-
HUIO, B NPUBEIEHHBIX paboTax paccMaTpuBaeTCs
Tonbko 3aryxanue CBU-paguomsmydenus, a 3¢-
(eKT paccesHusI HTHOPHPYETCSL.

OCc0OEHHOCTH pacCestHUS OT IUIa3MEHHBIX 00-
paszoBaHuil HccaenoBauchk B padbote [15], rme pe-
3yJIBTaThl SKCIIEPUMEHTOB TIOKA3aJId, YTO MpU 00-
JYy4YEeHUH TaKuX 00pa30BaHUH PagHoN3ITyYeHHEM C
94aCcTOTOM, paBHOW WIJIM MPEBBIIIAIONIEH COOCTBEH-
HYIO 4aCTOTYy IUIa3Mbl, OHA BeleT ce0s KakK Jac-
THYHO PaCCEMBAIOMIas IMIJIEKTPUYECKas cpena
¢ morepsimu (puc. 3). [lomoOHBIM 00pa3oM BeaeT
cebst mpu CBY-00myueHnn nepeHocrMasi BETpOM
necyaHo-mblieBass cMechb (puc. 4, 0), HaxoasIa-
SiCSL TIOJI BO3JIEHCTBHEM CHJILHOTO SJIEKTPUYECKO-
TO TIOJA, YTO, TI0 HAIlleMy MHEHHIO, TIOATBEPKIa-
et npeanonoxenue [1-3] o hopMupoBaHUH HOHU-
30BaHHOTO CJIOS, OKAaHMJISIOIETO TIeCUaHyIo psiOb
IIPH 30JIOBOM TPAHCIIOPTUPOBKE.

3. BunsiHMe CKOPOCTH NPUIIOBEPXHOCTHO-
ro BeTPa HA HHTEHCHBHOCTH AHOMAJILHO Y3KO-
HANPABJIEHHOT0 00PaTHOIO0 paccesiHUsI Paano-
BOJIH NPH 30JI0BOW TPaHCNOPTHPOBKE MeCKa
u neumm. OnpeneneHne 3aBUCHMOCTH WHTEHCHB-
HOCTH aHOMAJIbHO Y3KOHANpaBIEHHOTO OOpaTHO-
TO paccestHHs paJuoOBOJIH MPH H0JI0BOM IEpEHOCE
MECYAHO-TIEUIEBOM CMECH MPOBOIMIOCH TI0 apXHB-
HBIM PaJMONIOKAIIMOHHBIM HU300pakeHmsM MC3
Envisat-1, mpemocraBnenusiM ESA s BeImon-
Henus mpoekra ID: C1F30193. Ouu ObutH 1OI0-
OpaHbI pu omoIm oHnaiiH-karaisora EOLI-SA ¢
YYETOM JaHHBIX METEOKapT O HAIlPaBJICHUH U CKO-
POCTH IPUIIOBEPXHOCTHOTO BeTpa [5], oTkanuopo-
BaHBI 0 3(h(EeKTHBHOI TOBEPXHOCTH pacCesHUs
(OI1P), mpuBsA3aHBl K KapTe W TEMAaTHYECKH 00-
paboTaHbl C MOMOIIBIO CTAHIAPTHBIX MPOTPaAMM,
OTKPHITO TpepocTaBisieMbix ESA st 00paboTku
nzobpaxenuit (NEST 4B-1.0, NEST 5.1).

Jiis ompeneneHuss MaKCHMalbHBIX 3HAYCHUN
WHTEHCUBHOCTU pAacCesiHUs aHaloruyHo [1-3]
CTPOWIINCH TpadWKH WU3MEHEHHHA Kod(duimenTa
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0GPATHOTO PACCESHMS G OT yIiIa JIOKATBHOTO 00-
Jdy4eHus: O BIoib ceueHuid (hparMeHToB Hanbonee
olHOpo HbIX yuyacTkoB PJIM moBepxHOCTH, Ha KO-
TOPBIX MPOSIBISUIUCH 3 (HEKTH aHOMATBHO y3KOHA-
[IPaBJIEHHOIO OOPaTHOTO paccesHUs] PaguoOBOJIH.
MakcHMalIbHbIC 3HAYCHHS O° HAGTIONANICH B HH-
TepBaje YIJIOB MajeHus pagnoBosH 0= 31...32°
Ha puc. 4, a npusenen ¢parment PJIN ygacr-
ka nycteinu Tpapsa Envisat-1 ASA_GM1_1P,
2012-02-01, Ha puc. 4, 6 — COOTBETCTBYIOIIHNE EMY
rpaduKi U3MEHEHUH Kod(pQuIUeHTa 00paTHOrO
paccesHus G0 OT yIvIa JIOKaNBHOTO 00IydeHus O
BIOJIb ceueHuit pparmenToB 1-4. CeueHus npose-
JeHbl uepe3 HauboJiee OIHOPOIHBIE YYacTKU MO-
BEPXHOCTH, Ha KOTOPBIX MPOSIBISIIOTCS 3 (HEKTHI
AHOMAaJIbHO Y3KOHAIPaBIEHHOTO OOpaTHOrO pac-
CesIHMS paArOBOJIH. bolee MIOTHRIM YepHBIM 11BE-
TOM TTOKa3aHBI YCPEAHEHHBIE 3aBUCHMOCTH O ( ).
Ha puc.5 mpeacraBieHa 3aBHCHMOCTb Mak-
CUMaJbHBIX 3HAYCHUH YIEIBHBIX Kod(PuImeH-
TOB 00paTHOTO paccesHUs o’ P IyCTBIHHOM
[IOBEPXHOCTH 3alafHbIX Y4acTKOB IycThiHH Ca-
xapa (Ome-/xyd, Axmap u Tpapsa), Ha KOTO-
PBIX TPOSBISUTUCH 3(PQEKTH aHOMAJIbHO y3KOHA-
MIPaBJIEHHOTO OOPAaTHOTO paccesHUs PaTuOBOIH
(mpu pamuoNOKallMOHHOM OOJyYeHHH HaBCTpe-
4y NPHUIIOBEPXHOCTHOMY BETPY) OT YCPEIHEHHBIX
(B mpeaenax +1 mM/c) 3HaYEHUH CKOPOCTH TPHUIIO-
BEPXHOCTHOT'O BETPa, IPUBEACHHBIX K BbICOTE 1 M
HaJ MOBEPXHOCThI0. OTYETIMBO BUAHO, YTO HH-
TEHCUBHOCTh OOPaTHOTO paccesHUs Pe3KOo BO3-
pacTaer mpu CKOPOCTSIX MPUIIOBEPXHOCTHOTO Be-
Tpa 2 M/c u 6onee. [Ipu GoOMBIINX CKOPOCTAX Be-
Tpa HaOyonaeTcs ycTOW4MBas 3aBUCHMOCTb HMH-
TEHCUBHOCTH paccesHus OT CKopocTH BeTpa. [lpu
00JIy4YeHUH NEeCYaHOH MOBEPXHOCTHU BCIIEA BETPY
MIPOSIBIICHNH aHOMAJIbHO y3KOHAIPaBICHHOTO 00-
paTHOro paccesHus PagvoBOIH HE HAaOIIOOaIOCh,
o’ He npesbimana —23 ab. [lokazanHas Ha puc. 5
3aBUCHMOCThH OTKpBIBAa€T BO3MOXKHOCTH OTpaboT-
KA METOIMK OOHApyXEHUS U OLEHKH IapaMeTpoB
30JI0BOM TPAHCTIOPTUPOBKHU TIECKa U TBLIH MO KOC-
MHYECKON paJnoIOKAIMOHHON HH(POPMALIH.
BoiBoabl. B crarhbe aHanm3upyloTcs dKCHEpU-
MEHTaJIbHbIE pe3ynbTaThl MHOroneTHuX (2004—
2012 ) wWccnmenoBaHW MYCTHIHHBIX PaliOHOB
Onp-Jxyd, Akmap u Tpapza B MaBputanuu Koc-
mudeckuM PCA Envisat-1, HanpaBlieHHBIX Ha BbI-
SIBJICHUE 0COOCHHOCTEH BO3JICHCTBUSI IPUITOBEPX-
HOCTHOTO BeTpa Ha aHOMaJIbHO Y3KOHAIPaBJIEHHOE
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GO, nb

10

-10

-20

1 2 3 4 W, m/c

Puc. 5. 3aBUCIMOCTD 3HAYCHUH YHENBHBIX KOA(PPHUINCHTOB
00paTHOTO paccestHus 0° PJIN 3anazbix YYaCTKOB ITyCTBIHU
Caxapa, Ha KOTOPBIX MPOSBIBLIACH 3P (HEKTH aHOMATBEHO Y3KO-
HAIPaBJICHHOTO 0OPAaTHOTO PACCESHUS PaJOBOIH

o0OparHOe paccesHHe PaJrOBOIH, HPOSBISIOIIEE-
Csl TP PATNOTIOKAIIMOHHBIX UCCIIETOBAHHISIX J0JI0-
BBIX ITPOIIECCOB TPAHCTIOPTUPOBKH ITECKA U ITBLTH B
MyCTBIHHBIX palioHax. JlaHHbIC HAOIOICHHI C BbI-
COKHM TNPOCTPAaHCTBEHHBIM pa3pelieHueM yoeam-
TENBbHO CBUJETEILCTBYIOT, YTO IPOCTPAHCTBEHHOE
pacnpezneneHre MaKCUMaJIbHBIX 3HAYSHHI HHTEH-
CHUBHOCTH 00PaTHOTO paCCESHHI PaIHOBOIH COOT-
BETCTBYET MPOCTPAHCTBEHHOMY DAaCIIPEIEICHUIO
MIPUIIOBEPXHOCTHOTO BeTpa. MHTEHCUBHOCTH 00-
paTHOTO paccestHUsI paAHoBOIH (TIPH pajHoIoKa-
LUOHHOM OOJTy4eHHH HaBCTPEUy MPUIIOBEPXHOCT-
HOMY BETpPY) HOCHUT IIOPOTOBBII XapakTep U Pe3Ko
BO3pacTaeT MPH CKOPOCTSX MPHUIIOBEPXHOCTHOTO
BeTpa 2 M/C 1 BhINIE (MPUBEIECHHBIX K BEICOTE 1 M
HaJ TOBEpPXHOCTHI0). Ilpm OONMBIIMX CKOPOCTSIX
BeTpa HaOmogaeTcd yCToWYnBast 3aBUCUMOCTD MH-
TEHCUBHOCTHU paccesHus OT CKOpocTH BeTpa. [Ipu
O0JIly4YeHHN TECYaHOW IMOBEPXHOCTH BCJEH BET-
Py TpOSIBIEHUH aHOMAJNBbHO Y3KOHAIPaBICHHOTO
00paTHOTO paccesHUs PaJMOBOJIH HE HaOIrona-
nock. [lomyueHHbIE pe3yapTaThl OTKPHIBAIOT IIEp-
CTHIEKTUBBI Pa3pabOTKU METOAWK OOHApYKEHHs W
OLIEHKM MapaMeTpOB 30JIOBOH TpPaHCHOPTHPOB-
KM TeCKa W MBUIA B MyCTHIHHBIX paiioHax 3emin
[0 JAaHHBIM KOCMHYECKOTO PaHOJIOKAIMOHHOTO
MOHHTOPHWHTA.

Paboma evinonuena ¢ pamkax npoexma ¢ ESA
ID: C1F30193.
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SPACE-BORNE RADAR OBSERVATION OF NEAR-SURFACE WIND EFFECT
ON ANOMALOUSLY HIGHLY-DIRECTIONAL BACKSCATTERING OF RADIO WAVES FROM AEOLIAN
PROCESSES OF SAND AND DUST TRANSPORTING IN DESERT REGIONS

Subject and Purpose. The purpose of this work is to study the effect of wind on the anomalous scattering of radio waves during
aeolian processes of sand and dust transporting.

Methods and Methodology. The article analyzes the spatial variations of the near-surface wind and their effect on the char-
acteristics of anomalously narrowly directed radio wave backscattering according to the long-term studies of desert regions of
Al-Jouf, Akshar and Trarza in Mauritania by Envisat-1 satellite SAR.

Results. Analysis of SAR data indicates that intensity of radio wave scattering on the leeward slopes of sand ridges is more
than 12...15 dB higher than the one from the slopes located in the “wind shadow” zone, which indicates the direct influence of
the surface wind on the back scattering of radio waves during aeolian sand and dust transportation. The dependences of changes
in the backscattering coefficient ¢’ on the angle of local irradiation @ along sections of fragments of homogeneous sections of
the surface radar images are obtained.

Conclusion. SAR data indicate that the spatial distribution of the maximum intensity values of anomalously narrowly direct-
ed backscattering of radio waves corresponds to the spatial distribution of the near-surface wind. The intensity of backscattering
of radio waves, starting at a speed of 2 m/s and higher, steadily depends on the wind speed.

Key words: radar observation, anomalously narrowly directed backscattering of radio waves, aeolian transport of sand and
dust, near-surface wind.
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KOCMIYHE PAJIIOJIOKALIIMHE CITOCTEPEXXEHHS BIUIMBY ITIPMIIOBEPXHEBOI'O BITPY
HA AHOMAJIBHO BY3bKOCIIPAMOBAHE PO3CIIOBAHHS PA ITOXBUWJIb ITPY EOJIOBOMY
TPAHCITOPTYBAHHI ITICKY TA ITMJIY B ITYCTEJIBHUX OBJIACTAX

ITpeamer i MeTa poGoTH. MeToo po0GOTH € ZOCIIHKEHHS BIUIUBY BIiTPY Ha aHOMAJIbHE PO3CIIOBAHHS Pa/liOXBUIIb TIPU €OJIOBUX
nporecax TPAHCIIOPTYBAHHS ITICKY 1 TTHITY.

MeTonu i MeTo010TisI POGOTH. Y CTATTI aHAJI3yIOTHCS IPOCTOPOBI Bapiallii IPHITOBEPXHEBOTO BITPY i X BIUIMB HA XapaK-
TEPUCTHKH aHOMAJIbHO By3bKOCIIPSIMOBAHOTO 3BOPOTHOI'O PO3CIIOBAHHS Pa/IiOXBUIIb 33 JaHUMH 0araTopiuyHNX JOCIIKeHb MMyc-
TenpHuX obnacreit Enb-Jxyd, Axmap i Tpap3a B MaBputaHnii paxionokaropa i3 cunre3oBanoro aneprypoto (PCA) mry4Horo
cynytHuka 3emii (ILIC3) Envisat-1.

PesynbraTn podoru. AHani3 nanux PCA cBiT4uTb, IO iHTEHCHBHICTH PO3CIIOBaHHS PaioOXBWIb Ha MiJBITPSIHHX CXUIIAX
minanux rpaj Ounei Hix Ha 12...15 ab BuIma, HiXk BiJ CXUIIB, sIKi HepeOyBaloTh y 30Hi «BiTpoBOI TiHi». Lle cBixunTh mpo Oe3rmo-
CepeHill BIUIMB MPUIIOBEPXHEBOI'O BITPY Ha 3BOPOTHE PO3CIIOBaHHS PafiOXBUIIb IIPH €OJIOBOMY TPAHCHOPTYBaHHI MIiCKY 1 MHITY.
OTpUMaHO 3aJIeKHOCTI 3MiH Koe(illieHTa 3B0POTHOTO PO3CIFOBAHHS o' Bix KyTa JIOKaJIbHOTO ONPOMiHEeHHsI 0 y3/I0BXK IEPETHHIB
(parMeHTiB OHOPIAHUX IUISTHOK PaaioioKaliitHuX 300paXkeHb ITOBEPXHi.

BucnoBok. [{ani PCA cBiquars, 10 IpOCTOPOBHIA PO3IO/iT MAKCHMAJIbHUX 3HAYeHb IHTEHCUBHOCTI aHOMAaJIbHO BY3bKOCTIPSI-
MOBAHOTO 3BOPOTHOT'O PO3CIIOBaHHS Pa/liOXBUIIb BiIIOBIA€ MPOCTOPOBOMY PO3IIOALTY NPUITOBEPXHEBOTO BiTpY. IHTEHCHBHICTD
3BOPOTHOTO PO3CIIOBaHHS PaiOXBIIIb, TOYNHAIOYH 31 IIBHIKOCTI 2 M/C i BHILE, CTIHKO 3aJI€KHUTh BiJl IIBUAKOCTI BITPY.

Knrouogi cnosa: padionoxayitine cnocmepedicenHs, AHOMAIbHO 8Y3bKOCHPAMOBAHE 360PONIHE PO3CIIO8AHHS PAOIOX6UIb, €0N106e
nepeHecenHs NicKy i nuty, nNpuUnoeepxHesutl eimep.
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