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PA/TMOJOKAIIMOHHBIE UCCJEJIOBAHUS IMTPOSIBJIEHUIN 3010BOM TPAHCIIOPTUPOBKH
MECKA Y IIbLJIA B TYCTBIHHBIX PAHOHAX

D0JI0BbIE MPOLECCH TPAHCIIOPTHPOBKH MECKa U MBUTH (GOPMHUPYIOT CTPYKTYPY HOBEPXHOCTH OIPOMHBIX TEPPUTOPHUI U 3arpysKa-
10T arMocdepy B3BEIICHHBIMA a9PO30JISIMH TIBUIH, PACIIPOCTPAHSIOIIMMICS BETPAMHU Ha OPOMHBIE paccTosiHus. [IpucyTcTBre armocdepHoi
MBUTM B OKPY)KAIOLIEH Cpelie IUIAHEThI ABJIAETCS OIHUM U3 (PAKTOPOB, BIMAIOMIMX HA TEMIEPATYPy U KIMMATHYECKHE YCIOBUS OOLIMPHBIX
pernoHoB 3emiid. B nureparype oTCyTCTBYIOT IaHHBIE 00 OCOOCHHOCTSX PACCESIHUS PaIHOBOIIH, HPOSBISIOLIMXCS HPH PAIHOJIOKALMOHHBIX
HCCIIENOBAHUSIX DOJIOBBIX MPOLECCOB TPAHCIIOPTUPOBKU MECKA M IBUIM B IyCTHIHHBIX pailoHaX, KOTOpPbIe MOIYT OBITh HCIIONB30BAHBI IS
OIpeleNeH sl IapaMeTpoB TaKOM TPAaHCIOPTHPOBKH. B craThe NpuBENEHBI Pe3ylbTaThl aHAJIW3a JAHHBIX MHOTOJIETHHX HCCIIEIOBAHHIT
yCTBIHHBIX PAHOHOB KOCMUYECKHMH PAIHOJIOKALMOHHBIME CHCTEMaMH — PaHoJI0KaTopoB GokoBoro 063opa (PBO) HCKYCCTBEHHOTO CITyT-
auka 3emmn (UC3) «Koemoc-1500» u «Cuu-1», paguonokatopamu ¢ cuntesupoBanuem amneptypsl (PCA) SAR ERS-1, ERS-2 u Envisat-1.
Llenbio ananu3a ObUIO BBISABICHHE TEX OCOOCHHOCTEW PACCEAHHS PAJMOBOJH, IPOABISIONINXCS [PU PAJHOIOKAIIMOHHBIX HCCIECAOBAHMAX
J0JIOBBIX MPOLIECCOB TPAHCIIOPTHPOBKH TI€CKa M IMBUIM B IIYCTBIHHBIX pailOHaX, KOTOPBIE MOTYT OBITh MCIOJIB30BaHbI JUISl AUCTAHIIHOHHOTO
OIpeIeNeH s TapaMeTPOB TAKOH TPAHCIIOPTUPOBKH. BhIsBICH 3((EKT aHOMANBHO Y3KOHAIPABIEHHOIO 0OPATHOTO PACCEsTHHS PanOBOIIH,
MIPOSIBIISIFOLIMICS (B iana3oHe JIOKAIBHBIX YIIIOB 00iydeHust noBepxHocTH © ~ 31+34°) Ha ydacTKax, MOKPBITHIX TIIyOOKHM IECKOM, MpPH
HAIpPaBICHUH O0JIYYEHHs OBEPXHOCTH PAJHOBOIHAMH HABCTPEUy IeHEPAJbHOMY HAMPABICHUIO PUIOBEPXHOCTHOTO BeTpa. IIpeuiokeHo
00BsICHEHHE MeXaHu3Ma 3Toro 3 eKTa 3a c4erT B3aMMOICHCTBHS MaafOIHX PaJHOBOJH C COrIACOBAHHO OPUEHTHPOBAHHBIMH HOHH3HPO-
BaHHBIMHU CJIOSIMH BO3/1yXa, OKaiMIISFOLLIMMHI CTPYKTYPBI IIeCYaHOM psAbK B mporiecce GOPMUPOBAHHUS €€ TIPU I0J0BOM IIEPEHOCE TIECUaHO-
[bUIEBOI cMecu. MOHM3a1Hs BBI3bIBACTCS CUIIBHBIM HEOAHOPOAHBIM 3JIEKTPHYECKUM IOJIEM, BO3HHKAIOIIUM TIPH CAJIbTALMH IECYUHOK MOJ
BO3/ICHCTBHEM BeTpa. Pe3ysbTaThl HCCIICI0BAHHSI TI03BOJISIIOT CO3aTh HOBBIE METO/IbI AUCTAHIIMOHHOTO MOHUTOPHHIA IIPOLIECCOB B ITyCTHIH-

HBIX paliOHaX, BIMSIONINX HA KJIMMAT OOMINPHBIX pernoHoB 3emun. M. 9. bubmmorp.: 23 Ha3s.
KitioueBble €J10Ba: paJHoIOKAalMOHHOE HAOMIOEHHE, Y3KOHANPABICHHOE 00PAaTHOE PACCEsIHUE PAJHOBOIIH, J0J0BBIH MEPEHOC

II€CKa U IbUIM, IIECYaHast pHGB, HOHHU3ALMA, SJICKTPUICCKOEC I10JI€.

«20JIOBBIE  TIPOLECCHl  TPAHCTIOPTHPOBKHU
MeCKa M TBUIM — MOIIHASA 3PO3HOHHAS CHIIA, KOTOpast
(dopMupyeT IIOHBI, TeCYaHyIO0 pPsIOb W 3arpykaer
aTMoc(epy B3BEIICHHBIMH a3pO30JSIMH IIBUIM, Pac-
MPOCTPAHSIOMIMMICS BETPaMH HA OTPOMHBIE pac-
crostaust» [1]. Oun GopMUPYIOTCS B pa3IHUHBIX paii-
OHaX, B TOM YHCJIE€ B IPUOPEKHON 30HE, XOJIOAHBIX U
JKAPKUX IYCTBIHAX, a TAKXK€ B CEIbCKOXO3SIHCTBEH-
HBIX oOmacTsax. OOMmMMMH XapaKTEePUCTHKAMH 3THX
PaliOHOB SBJIIOTCS PA3PEKEHHBIA WM OTCYTCTBYIO-
LM pacTUTENbHBIA IOKPOB, HAJIWYUE MEJIKOIUC-
MEPCHBIX OCAJOYHBIX MOpox (TJIMHA, WI M TECOK) H
CWJIBbHBIX BETpOB. [0 HEKOTOpPHIM oreHKam [2], Bet-
pamu Ha 3eMJIe eXKETOTHO TPAHCHOPTHpyeTcs Oojee
5.10% r meumm. IlpucytcTBHe aTMOC(EpHOI MBUIA B
OKpYXalollel cpele IUIAHEThl SBJISICTCA OJNHUM W3
(hakTOpPOB, BIMAIOMINX HA TEMIIEPATYpy M KJINMATH-
YECKHE YCIIOBUSI OOIIMPHBIX PETHMOHOB. B cBs3m C
TII00aIbHBIM XapaKTEPOM 30IUHCKUX MPOIECCOB HX
3 PeKTUBHBI MOHUTOPHHT MOXKET OBITH peaIn30BaH
MPY TTOMOIIM KOCMHYECKHX CPEACTB JUCTAHIMOHHO-
ro 3ouaupoBanus 3emun (1133).

Opnoit 3 obnacreit, rae perymspHo (oco-
OEHHO B OCEHHE-3UMHHII IIEpPHOJ, KOTZa C CEBEpo-
BOCTOKa TPAKTUYECKH MOCTOSHHO AYET NPHIIOBEPX-
HOCTHBIH BeTep) pa3BUBAIOTCS KPYIMHOMACIITaOHBIC
30JI0BBIE MPOLECCH, ABIAIOTCS ITOKPHITHIE MECYAHBI-
MH JIOHAMH 3amajHble y49acTKH IycTelHM Caxapa
(Omp-Ixyd, Axmap u Tpapsa), pacnoJoKeHHBIE B
Magputanuu. Ha MHOrMX paanoIOKallMOHHBIX H30-
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OpakeHUSIX 3TOW oOyacTH OBUIO OOHApPYKEHO aHo-
MallbHO y3KOHAIIPAaBIEHHOE YBEJIMYEHHE OOPaTHOTO
paccestHUsL OT TECYaHOH IOBEPXHOCTH, KOTOPOE He
MOTJIO OBITH OOBSICHEHO B paMKax TPaIUIHOHHBIX
MPEACTABICHUN O MEXaHW3ME TaKOTO PACCESHUSL.
B Hacrosme#t ctatbe paccMaTpHuBalOTCsl 0OHAPYKEH-
HBIe crenupudeckre MposiBieHUs 3((HeKToB aHO-
MaJIbHO Y3KOHAIPaBJICHHOTO OOpPaTHOTO PAaCCESHUS
PaIHOBOIH OT MOKPHITHIX IECKOM YYacTKOB ITyCTBHIHbD
W TIpeasaraercst 0ObSICHEHHE MEXaHN3Ma UX BO3HUK-
HOBEHHMS M3-32 30JIOBBIX ITPOIIECCOB.

1. AHaIM3 MHOT0/IeTHUX PaJiM0JI0KALUOH-
HbIX Ha0mioneHul 3(p¢eKToB aHOMAIBLHO Y3KOHA-
NPaBJIEHHOI0 PaccesiHUs] PAJMOBOJH B MYyCTbIHSIX
NpPH TPAHCHOPTHPOBKE MeCKAa M MNbLIM BETPOM.
Brnepsrie 3¢ dexTsr aHOMaNBHO Y3KOHAIIPABICHHOTO
00paTHOTO paccessHUS PagUOBOJIH OBUTH OOHapyXxe-
HBI €Ile HA KOCMUYECKUX PaJHOJIOKAIMOHHBIX H30-
OpakeHMsX ydacTka HycThIHH Oab-xyd (MaBpu-
TaHWs) B paiioHe cTpyKTypsl 1'ya1p-Op-Pumar (060-
3Ha4YeHa Ha puc. 1 u 2), MOIy4eHHBIX PaJHOJIOKATO-
pom GokoBoro 063opa (PBO) HCKYCCTBEHHOTO CITyT-
muka 3emimn (MC3) «Kocmoc-1500» B mexabpe 1983 r.
Ha puc. 1, a mpencraBieHo mepBoe U3 TaKUX H30-
Opakenuii, momydennoe 16.12.1983 r. 3ona mossie-
HUSI aHOMAJIBHO y3KOHAINPaBIECHHOTO 00paTHOTO pac-
CesHUSl OTMEYEHa BEPTHUKAJIBHON cTpenkoil. LleHTt-
palbHBINA y9acTOK 30HBI B BHJIE yBEINYEHHOTO TPEX-
MEpHOTO U300paKeHHs IIOMEIIEH B 0071aCTh CHUMKA,
OTPaHWYIECHHYIO OCJIBIM MPSIMOYTOJIHHUKOM.
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a)

Puc. 1. V3o6paxenust yqactka mycThiHE Dib-Jky(d B paiione cTpykTypsl I'yamb-Op-Pumrat (1), momxysenusie PBO UC3 «Kocmoc-1500»
16.12.1983 r. (HanpaBieHue 0OIyUCHHUS IOBEPXHOCTH — € 3amaja Ha BocTok) (a); PBO UC3 «Cuu-1» 29.01.1996 r. (manpaBienue obyde-
HHs IOBEPXHOCTH — C BOCTOKA Ha 3aman) (6); B) — onruyeckoe n300paxkeHue sToro ke yyacrka (Google Earth)

Puc. 2. M300paxenust yuacTka myctsinn iib-JIxyd nonydennsie: a) — ASAR Envisat (© ESA) 22.12.2010 r. (ASA_GM1_1P, 3anax-BocTok);
6) —21.12.2010 r. (ASA_GM1_1P, BocTok-3amnan); B) — 14.12.2010 r. (ASA_GM1_1P, 3anaa-BocTok)

VHTEHCHBHOCTH OTPa)XKEHHOTO CHTrHaJa (Om- JIOKAIlMOHHBIX ~ M300pakeHWH 00NacTH IyCTHIHb
penenenHas coriacHo [3]) B 30He Oka3ayiach 3HAYH- Onb-JIxyd, Axmap u Tpap3a B Maspuranum, noiy-
TenpHOW — 0°>-10 b Ha paboueil NJIMHE BOJHEI yeHHbplx ¢ nomombio PBO UC3 «Kocmoc-1500» u
PBO A=3,15 cM. AHani3 MHOTOYHCIICHHBIX paJo- «Cnu-1», paguosokaTopamMH C CHHTE3UPOBAHHUEM
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aneprypsl (PCA) ERS-1, ERS-2 u Envisat-1 3a me-
puoa 1983-2011 rr., mO3BOIMA OTMETHTH PSII OCO-
OEHHOCTEH MPOSIBICHHUS STOTO SIBJICHUSL:

— IposiBneHne y3KOHANPABICHHOIO OOPaTHOTO
paccesiHUsI PaJMOBOJIH B MCCIeqyeMoil obnacTu Ha-
0JII0/1aJ710Ch TOJIBKO Ha HM300paKEeHUSX O030pHBIX (C
mosocoir  o63opa >400kM W  pazpenicHHEM
~ 1000 M) pamuoNOKAIIMOHHBIX CHCTEM KOCMHUYe-
ckoro /133 — PBO MC3 «Kocmoc-1500» u «Cuu-1»,
a taoke ASAR Envisat-1 (pesxumbr pa6otsr ASAR —
Global Monitoring Mode GM, Wide Swath Mode
WSM). Onm Hukorzma He HaONIOJaTUCh Ha MHOTO-
gyrcaeHHBIX n3o0paxkennsx SAR ERS-1 u ERS-2 3to-
ro peruona. [1o-BUIUMOMY, 3TO OOBSCHSIETCS TEM,
YTO JUANA30H JIOKAIBHBIX YIIIOB O0JYYEHUs MOBEPX-
HOCTH (C yUeTOM €€ KPUBHU3HEI), B KOTOPOM IIPOSIBIIS-
ercs 3TOT 3¢ ¢eKT (OmpeneeHHBI 10 CHUMKaM),
cocrasisier it PBO NC3 «Kocmoc-1500» n «Cuu-1»
®~31,5+33°% a ams SAR Envisat-1 0O = 32+34°.
IMonoca 0630pa SAR ERS-1 u ERS-2 (O ~ 23+3°) He
MO3BOJISICT HAOJIOAATh OBEPXHOCTh B TAKOM JIMaria-
30HE YIJIOB O0JydeHHUSI.

— IposiBneHne aHOMAIBHO Y3KOHAMPABICHHOTO
00paTHOrO paccesHHs PaJUOBOJIH PEryJsIpHO Ha-
omomaercs (B mccieqyeMoll obacTd B 3UMHHM Tie-
PHO/I, KOT/Ia TOCHOCTBYIOT BETPHI C CEBEPO-BOCTOKA
U COBEPILICHHO OTCYTCTBYIOT OCAJIKH) TOJILKO HA y4a-
CTKaXx, TMOKPBITHIX TJTYOOKHM IIECKOM, U MPU HAMpaB-
JICHUH OOJyYeHHs MOBEPXHOCTH — C 3alaja Ha BOC-
TOK, ¥ HHUKOT/Ia HE HAOII0JaeTcst MpH O0IydYeHUH C
BOCTOKa Ha 3amaja. Tak, Ha u3o0pakeHuu puc. 1, a
o0iyyeHne MOBEPXHOCTH HAMpPABJICHO C 3amajga Ha
BOCTOK (yKa3aHO CTPEJIKOil B BepXHEH YacTH CHHM-
ka). [Ipu 3TOM HaONIOAAeTCS 30HA Y3KOHAMPABJICH-
HOrO 00paTHOro paccesHust (OTMEYEHO BEPTUKAIIb-
HOW cTpenkoif). Ha puc. 1, 6, rne HampasneHue o0-
JIy4eHHsI C BOCTOKA Ha 3amaji, TaKoe MPOSIBICHUE OT-
cyrcrByeT. OnTudyeckoe n300paxeHne ITOro ke yda-
cTka (puc. 1, B) moaTBepKAaeT HaJIUYUE ITecKa B 30-
Hax (hOPMHUPOBAHUS Y3KOHAMPABICHHOTO OOPATHOTO
paccesinusi. IlpuBenennoe Ha puc. 1l,a B mOpsMo-
YTOJbHUKE TPEXMEPHOE H300pakeHne [EHTPAILHOTO
y4acTKa 30HbI MposiieHus d((eKkTa yKa3blBaeT Ha
TO, YTO Y3KOHAMPABICHHOE paccestHue GOpMUpPYETCs
MHOXECTBOM OTpa)kaTelei.

— VHTEeHCHBHOCTh aHOMAIBHO Y3KOHAMPABIICH-
HOTO OOpaTHOTO PAaCCesHHs TaKKe 3aBUCHT OT CKO-
POCTH MIPUTIOBEPXHOCTHOTO BeTpa. B KavecTBe mpu-
Mepa Ha pHC.2 MOKa3aHbl H300paKEHHs TOTO Ke
y4acTka MycThIHU Dib-J[Ky(d, MOTyueHHbIe KaK MpH
HAMpPaBICHUH OOJyYEHHs MOBEPXHOCTU — C 3araja
Ha BOCTOK (CM. pHC. 2, a, B), TaK U NPU HAMPABICHUH
¢ BOCTOKA Ha 3amnaj (cM. puc. 2, 6). IIpu aTom nposis-
nenue 3¢ dexra y3KOHAIIPaBIEHHOr0 00paTHOTO pac-
cestHUs (OTMEUCHO BEPTUKAIIBHOM CTPEIIKOi) XOPOIIOo
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HaOromaeTcs TOJBKO Ha puc. 2, a. Ha puc. 2,0, B
HaOJII0AI0TCS JIMIIb JIOKAIbHBIE YYaCTKH aHOMallb-
HOTO paccestHust (OTMEYEHBI Y3KHUMH cTpenkamu). Ot-
CYTCTBHE WHTEHCHBHOIO OOpaTHOTO paccesHusl Ha
HU300paKEHUH PHC. 2, B MOXKET OBITH OOBSCHEHO HU3-
KOW CKOPOCTBIO NPHUIOBEPXHOCTHOIO BeTpa — He 0o-
nee 0,5 m/c [4], B To BpeMst Kak OcTajbHbIE N300paxe-
HUS OBUTH MOJTy4YEHBI IPH CKOPOCTSIX IPHIIOBEPXHOCT-
HOT'O BETpa C CEBEPO-BOCTOKA B TMara3oHe 2+7 M/c.

— CBsI3b NPOSIBICHUH Y3KOHANPABJICHHOTO pac-
CeSIHUSI C TIOBEPXHOCTBIO, ITOKPHITOH IEeCYaHBIMU
JIIOHaMH, XOpOIIO WIUIIOCTPUPYIOT HM300paKeHUs
ydactka nmycThiHM Akmap (MaBpuTanus) 3amajaHee
CcTpykTypbl ['yanp-Op-Pumar, npencraBneHHble Ha
puc. 3,4. Ha paanonoKannoHHBIX H300paXKeHUSIX,
MOJYYEHHBIX TPH HAIpaBJICHUU OOJY4YEHUs MOBEpX-
HOCTH C 3arajia Ha BOCTOK OTYETJIMBO BHIHBI IPOSIB-
JIEHUs Y3KOHAIIPaBJIEHHOTO paccessHUsl PajuoBOIH Ha
y4acTKax, HOKPBITHIX MeCYaHbIMU JIFOHaMH (puc. 3, a, 0).
B 10 ke BpeMs Ha y4acTKax KaMEHHCTOH ITyCTBIHH,
HE MOKPBITBIX NECKOM, 3TOT 3(P(EKT MOIHOCTHIO OT-
CYTCTBYET, HallpUMep, B paiioHe, 0003HaYeHHOM | Ha
puc. 4, B, rae HaOIIOJaeTCs KaMEHUCTas ITOBEPX-
HocTh. [Ipu 3TOM Ha yuactke 2 (puc. 4, T), Ha KOTO-
POM TecyaHasi TOBEPXHOCTh CIUIOUIb IOKPBITA JIIO-
HaMH{, WHTEHCHBHOCTH Y3KOHAIIPaBJIEHHOTO pacces-
HHUS MaKCHMalbHa, a Ha ydactke 3 (puc. 4, 1), mo-
KPBITOM JIMIIb MOJOCaMH Iecka (OpHEHTHPOBAHHbI-
MU TIONEPEK TEeHEPAIbHOIO HaIpPaBJICHUS BETPA),
WHTCHCUBHOCTb paCCCIHUS MCHBIIIC.

SIBHAs 3aBUCHMOCTH 3TOrO 3(pdekra oT mo-
KPBITHSI TOBEPXHOCTH IIyCTBIHM TIECKOM (SIBIISIFO-
IMUMCS, TO0 CYTH, MEJIKOAPOOIECHBIMH OCKOJIKaMH
JIUDJIEKTPUKA — KBap1a [5]), KoTopslid caM 1o cebe He
MOXET WHTEHCHBHO PacCenBaTh PAJHOBOJIHBI, BBI3bI-
BacT HEOOXOAMMOCTb PAacCMOTPETh INPOIECCHI, MPO-
HCXOZSIINE Ha TOBEPXHOCTH MECKA PH BO3ICHCTBUH
Ha Hee BeTpa.

2. MexaHM3M BO3HUKHOBEHHS] AHOMAJILHO
Y3KOHANIPABJIEHHOT0 OOPATHOIO0 paccesiHMsl pa-
JUOBOJIH IIPH 30/10BOI TPAHCNOPTHPOBKE MecKa 1
NbLIM. MexaHu3M TepeMeIeHus mecka 1 GopMupo-
BaHME €ro IOBEPXHOCTH IO BO3JICHCTBHEM BETpa
JeTaJbHO paccMoTpeH paborax [6-9] m MHOTHX mp.
YCTaHOBIEHO, YTO TPH JOCTHXECHHH CKOPOCTH IIPHU-
TTOBEPXHOCTHOTO BeTpa 1+2 M/C mMecUnHKY HAYNHAIOT
nepeMenIaThes 1Mo MoBepxXHOCTH. Ilecok cocTouT m3
YaCTHUI[ CAMBIX Pa3HBIX Pa3MepoB, OOBIYHO OT 10" 10
10° MM u Gouee. IlepBbIMH HAYMHAIOT BUTATHCS
caMble MEJIKHE YaCTHIBI: CHadada KOPOTKUMHM Iepe-
KaTbIBAHUSIMH W TIEPENOI3aHUSIMA 110 TOBEPXHOCTH,
HeOOJIBPIIMMH TOATIETaMH BBepX. lIpm Bo3pacTaHum
CKOPOCTH BETpa MEIKHE YacTUIBl YK€ HAYMHAIOT
B3JIETaTh B BO3JYyX, & KPYIHBIE BCE €€ IEPEno3a-
0T 1T0 TOBEPXHOCTH.
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Lsarpasiea 3

Crpora [ 638, 454 ]

Puc. 3. M300pakeHus yuacTka myctbiHd Akiuap, noydenssie: a) — PBO IC3 «Cuny-1» 19.12.1995 r. (3anan-Boctok); 6) — ASAR Envisat-1 (© ESA)
08.12.2010 r. (ASA_GML1_1P, 3anax-Boctok); B) — ASAR Envisat-1 07.12.2004 r. (ASA_GM1_1P, BocTok-3anan), T, 1) — M3MEHEHHE UHTEH-
CHBHOCTH OTPaKEHHOTO PaMOJIOKAIIMOHHOTO CUTHAIIA 110 CEYEHUIO BJIOJIb T€HEPAILHOTO HAIPABJICHHs TIPU3EMHOTO BETPA y4aCTKa UHTEH-

CHBHOrO paccesHus (puc. 3, a, 0)

Korpa menkue necuuHKd HaxXoIsATCS B BO3-
JlyXe, OHU JBUXKYTCS MMOJ JEHCTBHUEM JBYX CHII —
TOPU30HTAJIBHO HAMpPaBJICHHOM CHUIIBI OT BETpa H
BEPTUKAIbHO HANPABJICHHOM CUJIBI TSXKECTH, MPOJIe-
TE€B HEKOTOPOE PACCTOSIHME, OHM CHOBa MaJaroT Ha
MOBEPXHOCTh IECKAa. B BO3AyXe OHM HCHBITHIBAIOT
TypOyJeHTHBIE IyJIbCAIMHA CHJIBI BETpa, MOITOMY
OJTHW YaCTHIBI JIETAT OBICTpee, Apyrue — MEIJICH-
Hee. [ToCKoabKY BO3IYyILIHBIE BUXPHU CIEAYIOT APYT
3a JPYroM JOBOJBHO PETYJSIPHO, TO U B IOTOKE
TECUNHOK, HECOMBIX BETPOM, TOXKE YCTAaHABIIMBAET-
Csl HeKasl PeryJsipHOCTh — uepeoBaHue obiacreit ¢
BBICOKOHM M HU3KOM KOHLIEHTpPALME 4acTUll B BO31Y-
xe. Takasi mepuoUIHOCTh COXPAHSAETCS U B pacipe-
JIEJICHUY KOHIIEHTPAIlMM TIECYNHOK B MeCTax WX TMa-
JIEHUs] Ha TIOBEPXHOCTh. Ho Tak kak ymaBiiasi 4acTH-
1a (Tak Ha3bIBAEMBIH «CalbTOH» 6 Ha puc. 5 [1]) co-
XpaHseT 3amac HaOpaHHOW OT BeTpa KHHETHYECKOW
SHEPruu U NEPEeNaeT €€ TeEM YacTHIaM, ¢ KOTOPbIMHU
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OHa CTOJIKHYJach, yMaB Ha MOBEPXHOCTh, TO OHA
Mo0packIBacT B BO3AYX JAPYTyIO YacTHUILy, Ta, yIaB,
ObeT B CBOIO ouepenb TpeThio W T. 1. [Iporeccs
(hopMHUpOBaHUS TECUYAHOW PAOKM TPH TMECUYAHOU IM0-
3EMKE IyTeM «CalbTalllN» (CKa4KO0Opa3HOTo mepe-
MEIICHU) MpeCTaBICHB Ha puc. S5, rae | —mec-
YaHas MOJUI0XKKA; 2 — «3apOJBIIIN» BOJTHOOOPa3HOTO
penbeda; 3 — ropb necyanoii psidu; 4 — HanpaBiIeHUE
repeMeInieHus: HanboJiee KPYIMHBIX IMeCYHHOK K Bep-
IIMHE TIeCUYaHOM BOJHBI; 5 — MPUCOEINHEHHBIA BUXPh
B 30HE «TCHW» IMECYAHOI BOJHBI; 6 — Iaaromas mec-
YUHKA «CabTOH»; 7 U § — BTOPUYHBIC W TPETUYHEIC
MEHee PHEPTUYHbIC MECUYMHKH «PENTOHBI»; 9 — BTO-
pUYHas TEeCYNHKA «CaJTbTOH» MOAXBadyeHHas BETPO-
BBIM MTOTOKOM; 10 — reHepanbHOE HalpaBJICHUE TPH-
TOBEPXHOCTHOTO BeTpa; 11 — HampaBlieHUE PaJHoIO-
KaIlMOHHOTO OOJIyYCHHS, MPU KOTOPOM SIPKO MPOSB-
JSETCS  Y3KO-HAIMPaBICHHOE OOpaTHOE paccesHue
PaaroBOJH.
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a) 6) 1)

Puc. 4. VBenuueHHble H300pakeHus LEHTpaiIbHOM yacTu cHuMka SAR Envisat-1(© ESA) 08.12.2010 r., Ha KOTOPOM HaOIIOAETCS TIPOSIBIIC-
HHE 3¢ deKTa Y3KOHAMPABICHHOr0 00PAaTHOroO paccesHus (a); ONTHYECKOr0 CHIMKA 9TOT0 XKE y4acTKa MycThHH (0); B, T, ) — YBEINYCHHBIC
OINTHYECKUE CHUMKH TPEX BHJIOB XapaKTEPHbIX IIOBEPXHOCTHBIX 00pa30BaHuil B 9TOM 00IACTH MyCTHIHU AKIIap

Puc. 5. IIporeccs! popMUpOBaHUS IECIAHOI PAOH MPH MECYAHOM MO3EMKE ITYTEM «CalbTalumy (CKa4KO0OPa3HOro MepeMeICHs)

ITocTernieHHO HaKaIUMBasCh B MECTaX HaW- [0 TIOBEPXHOCTH KPYIIHBbIE MMECYnHKU (4 Ha puc. 5).
OonblIell KOHIEHTPAIMH YIABIIUX YACTHIL, NEeCYUH- PerynspHOCTE BHXpel B BO3AYIIHOM IOTOKE Y IO-
KH CO3Ial0T «HI3KHE O6aphepsl» (2 Ha puc. 5). Okoio BEPXHOCTH ITeCKa TPEBPAIIACTCS B IEPHOAMIHOCTD
HHUX HaYMHAIOT COCPEIOTOYMBATEHCS IEPEIO3afoIIne NIeCYaHbIX BaJIMKOB.
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ITocie oOpa3oBaHUs «3apOJBIIICH» BOJIHO-
oOpa3Horo penpeda HAYMHAETCS MX POCT B BBICOTY.
OTO MPOUCXOIUT MOTOMY, YTO BEIOWUTHIE C ITOBEpPX-
HOCTH «BTOPHYHBIEY, «TPETHYHBIE» U T. . (TaK Ha3bl-
BaeMbIe «penToHb» 7, 8 Ha puc. 5 [1]) menkue mec-
YHHKH TUIAHUPYIOT B BO3JyXC B CPCIHEM HAa TaKHe
paccTosiHUs, KOTOPBIC MPUMEPHO COBIANAIOT C JITH-
HOW BO3HHUKAIOIIMX BOJH mecuaHod psiou. Korma
psi0b BBIpacTaeT J0 3aMETHBIX Pa3MEpOB, OHA cama
HA4YUMHAC€T BHOCUTH Typ6yHeHTHOCTI) B INIOTOK HPOHO-
calerocs Haj Hel Bo3ayxa. Ha monBerpeHHoO# cTo-
poHe TpeOHel psiOm, B 30HE «TEHW», OOpaszyeTcs
MIPUCOCTMHEHHBIN BIUXPb — KPYTOBOE JBIDKCHHE BO3-
Iyxa, KOTOpOE y TOBEPXHOCTH IIECKa HAIPaBICHO
MPOTHB TeueHUs Bo3ayxa (5 Ha puc. 5). OHO moaro-
HSET TIECOK M3 JIOKOMHEI K TpeOHI0, Aeyasi ero 4eTde
O0(QOPMIICHHBIM, a TJIABHOE — MOJIEPTHIM, YCTOWYH-
BeIM. Tak rop0 mecuaHoil BOJHBI mMpUOOpETaeT
XapaKTepHYI0 HeCUMMETpHUYHYIO (opMmy 3y0a MHIIbI
(3 na puc. 5). ITomoce! psidu TAHYTCS CTPOTO TIEPIIEH-
JUKYJISIDHO HAIPaBJICHUIO BETPa, KOTOPBIA CO31ail
uX, U OOBIYHO HMEIOT [JIMHHBIE (PPOHTHI, MOYTH
CMBIKAIOIIHMECS IpyT ¢ apyrom (puc. 6, 6). Ito o3Ha-
YaeT, YTO CTpPOCHHE (POHTAa B MPU3EMHOM MOTOKE
BETpa [OBOJILHO OJHOPOIHOE, OTHCIBHBIC CTPYH
BO3AyXa Mo (POHTY BeTpa MOYTH HE OMEPEKAIOT
npyr apyra. Cama MOBEpPXHOCTh Mecka Kak OBl ymo-
psnouuBaeT Betep. Poct mecyaHoi psibu B BBICOTY
UJIeT, KOTJa AyeT BETep CO CKOPOCThIO 4+9 M/c, a Ha
Takoit Betep mpuxoautes 85-90 % Bcero BpemerH [6].

OdeHb BOXXHYIO POJIb B 30JIOBBIX IPOIIECCaxX
MepeMEIIeHHsS TIeCKa U TBIIH UTPAIOT AIIEKTPUICCKIE
MOJIs, BO3HUKAIOIIKME MPH MEPEMEIICHUU U COoyIape-
oM necuynmHOK [8—10]. Yuenble mo cux mop He
OPUIUTA K €JUHOMY 3aKIIOYCHUIO O (PH3MYECKOM
MeXaHU3Me, OTBEUalOIeM 3a IIOSBJICHHE pa3HO-
MOJIAPHBIX 3apsA/10B Ha IMCECYUHKAX IPU UX COyaape-
HUSX U TPEeHUH [7]. DKCIIEpUMEHTaIhHO yCTAaHOBJIE-
HO, 4TO B PE3yJIbTaTe 3TUX COYJAPEHUU U TPEHHUS
NpY TIepeKaTHIBAHUN W TEPEION3aHUM IO TOBEpPX-
HOCTHU MEJIKUEC YaCTUIbI «IIPCANOYNUTAIOT» MOJIYydaTh
OTPHILATEILHBIN 3apsf, a BeTep MEPEeHOCUT MX II0-
BBIIIC U TOPOKAACT TCM CaMbIM pasHUIYy MOTCHI[HA-
70B. bonee TshKenple IECYMHKH € TTOJIOKHUTEIHHBIMH
3apsaMH OCTaloTCs Ha moBepxHocTH. Ha puc. 7 [2]
MPEJCTAaBICHEl  AKCICPUMEHTAJBHBIC  PE3yIbTATHI
HU3MEPEHUS HAMPSHKCHHOCTH DJICKTPUYCCKOTO IIOJIS
Ha Pa3IUYHON BBICOTE HaJl IOBEPXHOCTHIO MPH 0II0-
BOW TPaHCHOPTHUPOBKE MeCKa U MbUIH. XOPOIIO BUJI-
HO, YTO HANPSKCHHOCTh TIOJS HU3MEHSETCS OYCHB
CHJIBHO, fAocTturas 3Hadenuii B 10+250 xB/M Ha BBI-
cote mopsinka 1,5+2 ¢M OT MOBEPXHOCTH. DTH CHJIb-
HBIC TOJIA MPUBOJAT K TOMY, YTO OCHOBHasg Macca
MEPEHOCUMOTO TIeCKa MPIKUMAETCS. K TIOBEPXHOCTH.
ITo MoxmenvHBIM [8] W JKCIEPUMEHTAIHHBIM JIAH-
ubM [10, 11] okoiso 50 % maccel mecka MepeHOCUTCS
B cioe 3+4 cM HaJl TOBEPXHOCTHIO.

Bricora BoyH psOu MMeEeT HOPSIOK JIeCITKA
CaHTUMETPOB U Oostee (ipu ckopocTsax 4+9 m/c). [Ipu
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O6onpmmmx ckopocTsax BeTpa (10+15 M/c) HaumHarOT
(hopMUPOBATHCS HACTOSIINE MIECYAHBIC BOJHBI BHICO-
TO# 15+30 ¢M ¥ JUIMHOHW B €IWHULBI U JECITKH MET-
pos. Ilpu ckopocTsix BeTpa Oonee 16 M/c Bce mecua-
HBIC BOJIHBI M PsAOb Pa3pylIAlOTCS W Pa3BUBAKOTCS
necyanple Oypu [6] ¢ MOIBEMOM IBUIM M TECYUHOK
Ha JICCSITKH U COTHH METPOB.

[IpocTpaHcTBEeHHOE pachpeaeeHue Hampsi-
JKEHHOCTH DJIEKTPUYECKOTO IOJISI HA OIpEAEICHHOM
BBICOTE CYIIECTBEHHO HEOAHOPOHO [2, 13], uTo MoO-
JKeT OBITh OOBSCHEHO KaK HEOIHOPOJHOCTBIO pac-
mpeeNieHus 3apsiia M0 MOBEPXHOCTH KaXKIOHM Tmec-
yuHKU [13], BpalleHHEM «CaJbTOHOBY» B IIOJETE
(~ 400 06./c [7]), Tak 1 MPOCTPAHCTBEHHOW HEOIHO-
POTHOCTBIO pacIpeneNiCHHs 3apsDKCHHBIX TTeCYHHOK.
TopOsr mecuaHoit psOM comepKaT MaKCHMAIbHOE
KOJIMYECTBO TOJIOKUTEIILHO 3aPSHKCHHBIX TSKEIIBIX
MECYMHOK, MEPEMEIICHHBIX IO IOBEPXHOCTH, a B
BO3AyX€ HaJ HX MOBEPXHOCTHIO HAXOMHUTCS MaKCH-
MaJbHOE KOJIMYECTBO OOMOApIUPYIONINX HUX «Callb-
TOHOBY» M BTOPHUYHO BBIOMTBHIX OTPHIATEIHLHO 3apsi-
JKCHHBIX JIETKUX MECYNHOK, YTO MPUBOIUT K MaKCH-
MaJIbHOW HAIPSHKEHHOCTH OIS B TO ke Bpems pac-
MOJIOXKCHHBIC B 30HAX «TEHW» BIAJHWHBI IECYAHOW
BOJIHBI 3KPaHUPOBAHEI OT OOMOAPAUPOBKH JICTKUMH
MCCUYMHKAMH, W U3 HUX yAaiseTcs (BBEpX Kak IO IMo-
JIOTOMY CKJIOHY ITECYaHOW BOJHEI, TaK U MO0 KPYTOMY
CKJIOHY IIOJIBETPEHHOI 30HBI) OOJIbILIEE KOJIHMYECTBO
TSOKEIBIX TIECIMHOK. DTO TPHBOANT K 3aKIIOUEHHIO,
YTO MaKCUMyMBl W MHHHMYMBI HaIllPsDKEHHOCTH
SJEKTPUUECKOTO TIONS JOJDKHBI COBIAgaTh B IIPO-
CTPAaHCTBE COOTBETCTBCHHO C BEpIIMHAMH W BIIaIH-
HaMH CTPYKTYPHI IECIaHON POH.

OKCIIepUMEHTAIBHO OITBEPIUTE ITO TIPEN-
MOJIOKEHHE, OCOOEHHO B YCJOBHSIX C/ABHIAIOIICHCS
BO BPEMEHH MPOCTPAHCTBEHHOW CTPYKTYpHI Iecya-
HOU psiOM, MOTJIM OBbI MOMOYb CHHXPOHHBIC H3MEpe-
HUS JIBYXMEPHOH CTPYKTYPHI HANPSKEHHOCTH IIOJIS
Ha pa3In4yHON BBICOTE HaJ| TIOBEPXHOCTHIO MPH J0J10-
BOHM TPaHCIIOPTHPOBKE IMECKa M TBUIM C IIarOM B
CIVHUIBl CAHTUMETPOB W MAJIBIM HWHTECPBAJIOM YC-
peanenus [13].

B paborax [14, 15] orMeueHo, 4TO KOraa y
MOBEPXHOCTH 3eMITH HAIPSHKCHHOCTD JICKTPUIECKO-
ro moxst mpeBbmmaer 500+1 000 B/M, HaunHaroTcs
JNEKTPUYECKUE Pa3psAbl C OCTPHIX MPEIAMETOB, CO-
MPOBOXKIAEMBIC XapPaKTEPHBIM ILIYMOM; IpPH Hajib-
HEHMIeM YCHIICHHH ITOJISI Pa3psii CTAHOBUTCS BHIH-
MBIM, WHOT/Ia JOBOJIGHO SIPKHMM, C IEPEXOJ0M B KO-
porHyto ¢opmy. KopoHHBIE pa3psabl (SBIgonrecs
Pa3sHOBHUIHOCTHIO TJICIOIIETO pa3psaa) XOPOIIo Ipo-
SIBIISTIOTCSI TIPU TIEPEMEIINBAHUN HACHIIIEHHOTO IIBI-
JBIO W TIECKOM IMPHUIIOBEPXHOCTHOTO BO3AyXa MYCTHI-
HU, HAIpUMep, JIOMACTSIMH IPH B3JIETC W IOCAJKE
BeproseToB [16] (puc. 8, 0). [lecunHky, sBiIsIOMMNECS
MEJIKOAPOOJICHBIMU OCKOJIKAMH KBapIia, 00JIaJaroT
ocTpeIMU TpaHsMu (puc. 8, a), KoTopble Onaro-
MPUATCTBYIOT (POPMHUPOBAHUIO IJICKTPUUCCKUX Pa3-
psinoB (puc. 7, 6 1 8, 0) B HCOJHOPOAHOM IIOJIE.


http://www.femto.com.ua/articles/part_1/0217.html;%20%2014
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a) 0)

Puc. 6. Doto necuaHoit mo3eMKH (HaIpaBJICHHUE BETPa — HABCTPEUy HAOMIOAATENI0) (); CTPYKTypa MeCYaHo! psiy Ha HOBEPXHOCTH MIOHEI (6)
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Puc. 7. DKcriepuMeHTaIbHbIC PE3yIbTATH H3MEPEHHUS HANPSHKEHHOCTH DJIEKTPHYECKOTO MOJIsSE HA PAa3iMYHOM BBICOTE HAJ MMOBEPXHOCTBIO IIPU
90JI0BOH TPAHCHOPTHPOBKE MECKA M IBLIH, YCPEAHEHHBIE 3HAUEHHS 38 5-MUHYTHbIC HHTEpBabI [2] (2); 2JIeKTpHIecKHe paspsiibl BO Bpems
neuIeBoit Gypu [12] (6)

1007 1m

Puc. 8. ®otorpaguu NECUYHMHOK PasiHYHBIX Pa3MEPOB IOJ| HJICKTPOHHBIM MHKpockornoM [17] (a); dororpaduu KOpOHHBIX pa3psIoB Ha
JIONACTSX BEPTOJICTOB B HACHIIICHHOM IIBUIBIO M IECKOM MPUIIOBEPXHOCTHOM Bo3ayxe mycToinu [13] (6)

HamnpammBaeTcst BBIBOJI, YTO BO3HHKAIOIIUE KEHHOCTh WX CYIIECTBEHHO MEHbIIE INPOOHUBHOTO
IIPA  30JI0OBOMl  TPAaHCIIOPTHPOBKE HEOTHOPOIHBIE HaNpsDKEHMS YUCTOTO BO3yXa) OKa3bIBAIOTCS HOCTa-
JNIEKTPUYECKHE TOJIs (HECMOTpPsl Ha TO, YTO HAamps- TOYHBIMU JUISl TOTO, YTOOBI BBI3BaTh B Y3KOM IPUIO-
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BEPXHOCTHOM cJioe (TIEPEHOCHMOM C WHTCHCHUBHBIM
NepeMelINBaHueM I1eCUaHO-IIbUIEBOH  BO3JyLIHOM
CMECH) Pa3BUTHE IPOLIECCOB MOHM3ALMH I'a30B, BXO-
ISAIIAX B COCTaB BO3AyXa. A 3TH HOHHM3HUPOBAHHBIE
001acTH, OKAaHTOBBIBAIOIIIE BOJHEI IIECYaHOH psOH C
OONBIINM KOJHWYECTBOM CHHXPOHHO HAIPABJICHHBIX
KBa3UIUIOCKUX YYacTKOB — «darer», U SBIAIOTCS
CHCTEMOW OTpakaTejiel, oTBedaromei 3a (GopMupo-
BaHHE aHOMAJBHO Y3KOHAIPaBJICHHOIO OOpPaTHOrO
paccessuusi CBU-paguoBosiH, HaOIOJaeMOTo MpU
panuoIOKalMOHHOM OOKOBOM 0030pe (TOJIBKO TpH
O0JIy4EHUM CO CTOPOHBI IIOJIBETPEHHBIX TEHEBBIX
30H, T. €. HABCTPEUY BOJIHAM, ()OPMHUPYIOIMIUMCS TOA
neiictBueM BeTpa). [lomBeTpeHHBIE TCHEBBIE 30HBI y
MeCYaHbIX BOJIH, Y CAMBIX MEJNKHX (MeCUaHoM psaou),
KPYIIHBIX M CaMBIX KpPYIHBIX — II€CYaHBIX [OH,
HarpasjeHbl mon yriamu =~ 31+35° oT ropu3oH-
tanmu [6, 18] (T.e. pagroBOIHBI, OONydaroIINe IIO-

BEPXHOCTh B JIMANA30HE JIOKAIbHBIX YIJIOB MaJCHUS
® =~ 31+34°, 0Ka3bIBAIOTCS MPAKTUYECKH HOPMAJIBHO
HAIMpPABJICHHBIMU K 3THM «(dareram», 4To U BbI3bIBa-
eT BBICOKYIO HANpPaBJICHHOCTh OTPaXXeHWsT). B peais-
HOCTH JMAIa30H YIJIOB OOJyYeHHS MOBEPXHOCTH, B
KOTOPOM Ha0JIrogaeTcss aHOMAaJbHO Y3KOHAIpaBJICH-
HOE paccesHUe paJfoBOJIH, B 3HAYUTEIBHON CTEIICHA
ompenenseTcs BapHAlMsAMH  KPYIHOMACIITaOHBIX
YITIOB HAKJIOHAa IUIOCKUX ITOBEPXHOCTEH CTPYKTYp
necyaHsIX JtoH (cM. puc. 6, 6), Ha KOTOPBIX (OPMH-
pyercs nmecyaHas psiob.

[IpearnonoxeHue O TOM, YTO aHOMAJbHO
y3KOHAIPaBIEHHOE paccesHUEe PaJHOBOIH CBA3AHO C
npoueccoM (HOPMHUPOBaHUS IecuaHoil psiOu, Mo3Bo-
JSIET TaKKe OOBSCHUTH OCOOCHHOCTH DaaHOJIOKa-
LHOHHBIX HM300paXCHUI C BBICOKHM pa3pelieHHEM
(~ 30 M, B nnamazoHe yriioB obnydeHus © ~ 23 + 3°)
KPYITHOMACIITaOHBIX TleCUaHsIX Tpsix (puc. 9).

Puc. 9. U3obpaxenus ceuenuii pparmenToB PCA m3006paskeHuil mecyaHbIX Ips/l Ha y9acTKe, 0003HAYCHHOM Ha pHC. 3, 0, B OEJIBIMU MPMO-

YTrOJIbHUKAMHU, ITOJIyYCHHBIX B PEKUME BBICOKOTO paspCuICHUS

Ha puc. 9 npexncraBiensr m3o0paxenus ce-
yeanit ¢parmenToB PCA m300paxkeHnil mecyaHbIX
Ipsia Ha ydacTke, 000O3HaYeHHOM Ha puc. 3, 0, B Oe-
JBIMH TIPSMOYTOJIbHUKAMHE, TOJNYYCHHBIX B PEXHME
BBICOKOTO  paspemienus:  a)—ASAR  Envisat-1
21.12.2004 r. (ASA_IM_OP, nanpaBnenue 06aydeHus
MOBEPXHOCTH — C 3amajia Ha BOCTOK); 6) — SAR ERS-2
05.12.2001 r. (SAR_IMO_OP, nanpasnenue o0yue-
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HUS TIOBEPXHOCTH — C BOCTOKAa Ha 3aman);
B) — OITHYECKOE HM300PaKEHHE ITOr0 K& YYaCTKa;
I) — cXeMaTH4ecKoe H300paxeHne recuyanoi psou Ha
cKJIOHe TecuaHol rpsapl (1 u 2 HampasieHust o0y-
YEeHUsl, P KOTOPOM IPOUCXOJUT WHTEHCHBHOE OT-
paXkeHHe PaJHOBOIIH).

Pembep Ha ywacTke, 0OO3HAUEHHOM Ha
puc. 3, 0, B 0eIBIMU TIPSAMOYTOIEHUKAMH, COCTOHT W3
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HapauleNIbHBIX MPSIMOJIMHEHHBIX TPSJ] C OYEHB I0JIO-
ruMHu ckioHamMu (~ 5+10°), TpoTATHBAIOIUXCS HA
MHOTHE JIECSATKH KWJIOMETPOB. I'psipl OTHENSIOTCS
JpYT OT Apyra TAaKUMH K€ IPaBUIBHBIMHU U JIJIHHHBI-
MU TIOHIKEHUSMH, OHU nocTturatoT [19] cpennei
IIMPUHBl 1 KM W OTHOCUTENIBHOM BBICOTHI BOJIH
~ 10+20 ™M, pasaenstomue ux J0KOUHBI — TPUMEPHO
2 kM. CxemaTtnueckoe n300pakeHre ecyaHoi psaou
Ha HAaBETPEHHOM CKJIOHE IECYAHOH TPAIbl IEMOHCT-
pUpYeT, YTO TIPH 3TOM HAIPABICHUS OOIydeHHA
(opToroHaNmBHBIE TPAHAM ITECUaHOU PSOM), IPH KOTO-
PBIX HPOUCXOJUT MHTEHCHBHOE OTPa)XKEHHE pajvo-
BOJIH, IIOM3/IAI0T B JIMana3oH yrioB oOnyuenus PCA
Kak 1py 00JIyYeHUH I10 BETPY, TaK U HABCTPEUY eMy.
[Ipu >TOM HaBeTpEeHHbIE CKJIOHBI MECYAHBIX TIPS
HaOJIOAAI0TCS C BHICOKMM KOHTPACTOM OTHOCHTEIb-
HO (poHa, uTO MOATBEpKHaeTcs puc. 9, a, 6. [loxser-
PCHHBIC CKJIOHBI TP 3TOM OKa3bIBAIOTCS B 30HE
panuoIOKaMOHHOM TeHN W HE BUIHBI.

AHanu3 MHOTOYMCICHHBIX CITyTHHKOBBIX
palMONIOKaMOHHBIX ~ HM300paXEHUH  Pa3IM4HBIX
palioHOB MyCTBIHb MOKa3bIBaeT, YTO 3(PdeKTs! y3KO-
HanpaBjIeHHOI0 OOpPAaTHOTO paccesHUsl PaIroBOJH
HaOJIOAAI0TCS B Pa3IMYHBIX MECTaX — U B IIEHTPaJIb-
Hoit Caxape, U B ApaBuiickux mycTelHAX. Ho Hau-
OoJiee PEryysipHO M SIPKO OHHU MPOSIBISIFOTCS B ITyC-
TBIHSX MaBpUTaHUH, T/ie OOHApPYXKEHbl 3HAYMTEIb-
HbIE JKEJIe30pY/HbIC, MEIHOKOIYEIaHHbIe W 30JI0TO-
COJIepIKalllie MECTOPOXJICHMS, a TaKXKe 3aJexH
CBHMHIA, LMHKA, Oaputa u dochopuros [20]. Dt
MECTOPOXIICHUS SIBJISIOTCSI MCTOYHUKAMH MOIITHOTO
WHHULMATOpa HOHU3ALUH BO3Ayxa — pajoHa [21], ko-
TOPBII CYIIECTBEHHO 00JIETYaET MPOLECC HOHU3ALUH
B Y3KOM MPHUIIOBEPXHOCTHOM CJIO€ BO3[yXa, HAIlOJI-
HCHHOM IIEPEHOCHMOHW B pPEXHME HHTCHCHBHOTO
MEPEMEIINBAHUA  MECYAHO-TIBUIEBOM  BO3AYIIHOM
cMmechio. JIOKanbHBIE YYAaCTKH BO31yXa, HOHH3HPO-
BaHHbIC PaJANOAKTUBHBIMU BBHIOpOCAMH (B TOM UHCIE
BEIOpOCAMH W3 MECTOPOKACHWI), JTOCTaTOYHO YBe-
PEHHO HaOIIONAIOTCS PaIUOJIOKAMOHHBIMHA CPECT-
Bamu [22]. A B pabote [23] sKCTIepUMEHTATBHO IO~
Ka3aHa BbICOKasl OTpaXkarolasi crrocoOHOCTh HOHU3U-
POBaHHBIX CTPYKTYP.

BruiBoabl. [IpoBenen ananu3 u o0oOmeHUE
0CcOOCHHOCTEW paccesHHs PaJMOBOJIH TIPH PajHo-
JIOKaIlMOHHBIX HAONIOACHUSX 30JOBBIX IPOIECCOB
TPAHCTIOPTHPOBKH IECKA U IBUTH B ITyCTHIHHBIX pano-
Hax (Omp-Jxyd, Axmap u Tpapsa B paiioHEe CTPYyK-
Typbl ['yasp-Op-Pumar (MaBpuranus)), ¢ MOMOIIBIO
PBO UC3 «Kocmoc-1500» u «Cuu-1» (4= 3,15 cm),
PCA ERS-1, ERS-2 u Envisat-1 (41=5,6 cm) 3a me-
puox 1983-2011 rr. BeuiBnen s¢dexkr aHOMaIbHO
Y3KOHAIPaBJIEHHOTO O0pPaTHOTO pacCesiHUsl pajuo-
BOJIH, NPOSBISIIONIMICS (B JHUanasoHe JIOKAIbHBIX
yrioB 00iy4eHus nosepxHoctu ® ~ 31+34°) Ha yua-
CTKaX, TIOKPBITHIX TIIyOOKHM IIECKOM, NPH HaIpaBiic-
HUM OOJydeHHS MOBEPXHOCTH pPaJHOBOIHAMH Ha-
BCTpEUy TECHEPATbHOMY HAIPABICHHUIO IIPHIIOBEPX-
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HOCTHOTO BeTpa. [IpemnokeHo OOBsICHEHHE Mexa-
HHU3Ma 3TOTO 3 deKTa 3a CYeT B3aUMOICHUCTBHUS Ta-
JMAIOIINX PaIdOBONH C COTJIACOBAaHHO OPHEHTHPO-
BaHHBIMH HOHHM3HPOBAaHHBIMH CJOSMH  BO3IyXa,
OKAMMJLIOIIAMH CTPYKTYpPHI TIeCYaHOU psiOM B Tpo-
necce (OPMHUPOBAHUS €€ IPH S0JI0BOM IIEPEHOCE
MecyaHo-TIBUIEBOW cMecH. MoHmM3amms BBI3BIBACTCA
CHIIbHBIM HEOAHOPOJHBIM DIICKTPUICCKUM TOJIEM,
BO3HUKAOIUM IpHU CaJbTallMu MECUMHOK IO BO3-
JleicTBMEM BeTpa. PaauosioKallMOHHBIA KOHTpACT
YYaCTKOB IMMOBECPXHOCTH, T'AC MPOABIIACTCA TAKOC Y3KO-
HaMpaBJICeHHOE O00paTHOE paccesHUe PaIHOBOJIH,
OTHOCHUTENIFHO COCETHHUX COCTABISCT HE MeHee 6+8 nb
(mpu ¢°>-10 nb Ha paboueit anune BosiHBI PBO
A=3,15cm).

s pa3paboTKH METOJOB JTUCTAHIIUOHHOTO
OMpEICIICHUs TIapaMeTPOB J0JIOBOI TPAHCIIOPTHUPOB-
KA TeCKa W TBUTM C HWCIOJB30BaHHEM AaHOMAJIBHO
Y3KOHATIPABIIEHHOTO OOpPaTHOTO PAacCCEsTHUS paHo-
BOJIH, 10 HAIIeMy MHEHHUIO, HEOOXOAWMO IPOBECTH
CUHXPOHHBIC H3MEPCHHUS MapaMeTPOB TaKOrO pac-
CesHHS TPU MHOTOYACTOTHON pPaJuOJOKAIMOHHOM
ABUAIIMOHHOM ChEMKE C pa3jIMYHBIX HAMPABICHUNA W
ITOJT pa3HBIMHU YTIIaMU OOJyYeHHS TIOBEPXHOCTH (IS
Pa3IMIHBIX CKOPOCTEH MPUIIOBEPXHOCTHOTO BETPA);
TaKXkKe [aTh ONpEACNICHHE IBYXMEPHOH CTPYKTYPHI
Halps>KCHHOCTU TI0JIA Ha pa3ﬂld‘-lH0ﬁ BBICOTC HaJ
MOBEPXHOCTHIO C ITAaroM B €AMHUIbI CAHTUMETPOB U
MajbIM HMHTEPBAJIOM YCPEAHEHUSA. DT H3MEPEHUs
HEOOXOIMMO COYeTaTh C Ja3epHBIM OIpeJesICHIEeM
pOQUIIS IeCYaHbIX CTPYKTYP.
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V. K. lvanov, A. Ya. Matveev,
V. N. Tsymbal, S. Ye. Yatsevich

RADAR INVESTIGATIONS OF
THE AEOLIAN SAND AND DUST TRANSPORTING
MANIFESTATIONS IN DESERT AREAS

Aeolian processes transporting sand and dust is a
powerful erosive force that shapes the structure of the surface of
the vast territories and loads the atmosphere with aerosols
suspended dust spread by wind over long distances. The presence
of atmospheric dust in the environment of the planet is one of the
factors significantly affecting the temperature and climatic
conditions of vast regions. There are no published data on the
characteristics of the radio waves scattering features manifested in
radar studies of aeolian sand and dust transport processes in desert
regions, which can be used for determining the parameters of a
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remote transport. The article presents the results of the analysis of
multiyear surveys of desert areas by side-looking radars (SLR) of
“Cosmos-1500" and “Sich-1" satellites, synthetic aperture radars
(SAR) of ERS-1, ERS-2 and Envisat-1, aimed at identifying the
radio waves scattering features manifested in radar studies of
aeolian sand and dust transportation processes in desert regions,
which can be used for remote determining the parameters of
transportation. It was proposed to explain the mechanism of the
effect of a highly directional intense radio waves backscatter,
which manifests itself in areas covered with deep sand at the
direction of irradiating the surface towards the general direction of
the surface wind in the range of local irradiation angle surface
® ~ 31+34°, due to their interaction with consistently oriented
ionized air layers bordering on sand ripples structures in the
process of forming it with aeolian transportation of sand-dust
mixture. lonization is caused by strong inhomogeneous electric
field arising in the aeolian transport process. Results of the study
allow to create new remote monitoring methods of processes in
desert areas that affect the climate of vast regions of the Earth.

Key words: radar sensing, highly directional radio
wave backscatter, aeolian transport of sand and dust, sand ripples,
ionization, the electric field.

B. K. Isanos, O. 5. MartBees,
B. M. llumo6au, C. €. fueBuu

PAJIIOJIOKALIIVHI JOCJIJDKEHHS
[IPOSIBIB EOJIOBOI'O TPAHCITOPTYBAHH S
TICKY TA TIWJIY B ITYCTEJIbHUX PAIOHAX

EonoBi mpouecH TpaHCHOPTYBAaHHS ICKY Ta MUY —
MOTYyXHa epo3iiiHa cuiia, mo (OPMye CTPYKTYpPY MOBEPXHI BEIH-
YE3HNX TEPUTOPIH Ta 3aBaHTAXye aTMOC(EpPy 3aBUCIUMH aepo30-
JSIMH TIMITY, SIKI TOIIMPIOIOTHCS BITpaMH Ha BEIUYE3HI BiJCTaHi.
IIpucyTHICTH aTMOC(EPHOrO MUy B HABKOIHIIHEOMY CEPEIOBHILI
IUIAHETH € OAHIM 3 (haKTOPIB, 110 CYTTEBO BILITMBAIOTH HA TEMIIEpa-
TYpy Ta KJIIMaTH4HI yMOBH BEJIHMKHUX PErioHiB. Y jiTeparypi Biacy-
THI J]aHI PO OCOOJIMBOCTI PO3CIIOBAaHHS PAiOXBHIIb, IO MPOSIB-
JISIFOTHCS. IPU PAi0NIOKAIIIMHUX JOCIIKEHHAX €0JIOBUX IPOLECIB
TPaHCHOPTYBAaHHS IiCKy Ta Iy B ITyCTEIbHUX paiOHax, sKi
MOXYTh OyTH BHKOPHCTaHI JUISi BH3HAYEHHs [apaMeTpiB TaKoro
TPaHCIIOPTYBaHHA. Y CTaTTi HaJaHO Pe3yJIbTATH aHali3y Oarato-
piYHHX 3HOMOK ITyCTENBHUX paiOHIB pPajiosloKaToOpiB OiYHOTO
onsiny (PBO) LIC3 «Kocmoc-1500» Ta «Ciu-1», pagionokaropis
3 cuATe30BaHoi0 ameprypoo (PCA) ERS-1, ERS-2 ta Envisat-1.
Mertoro 1pOro aHanmizy Oyino BHABICHHS OCOONMBOCTEH pO3Ciro-
BaHHS paJiOXBWIb, IO MPOSBISIOTBCS IIPU  PaioioKaliifHuX
JOCJI/DKEHHSIX €OJIOBUX IPOLIECIB TPAHCIIOPTYBAHHS IICKY Ta
[Ty B IYCTEJBHUX PailOHaX, sKi MOXYTb OYTH BHKOPHCTaHI IUIst
BU3HAYCHHs [1apaMeTpPiB TaKOro TPaHCIIOPTYBaHHs. BusBieHO
eeKT aHOMaJIbHO BY3bKOHAIIPABJICHOTO 3BOPOTHOTO PO3CIFOBAHHS
PafioXBHIIb, IO HPOSBISIETBCS HA AUISIHKAX, BKPUTHX TIIHOOKAM
mIapoM ITiCKy, TIPU HANpsSMKY ONPOMiHEHHs MOBEPXHI Ha3ycTpid
reHepaIbHOMY HAMpSMKY MPUIIOBEPXHEBOrO BITpy B AiarasoHax
JOKaJbHUX KYTiB OmMpoMiHeHHs moBepxHi © ~ 31+34°. 3ampormo-
HOBAaHO MOSCHCHHS MEXaHi3My BHHHMKHEHHs €(EKTy BHACIIZOK
B3a€MOJIii TaJjAl0YMX PAmiOXBMIIb 3 Y3TOKEHO Opi€HTOBAaHMMHU
iOHI30BaHMMH IIApaMH MOBITPs, IO OOJSIMOBYIOTH CTPYKTYpH
mimanoi 6prki y mporeci GopMyBaHHs il IPU €0JIOBOMY TTEPEHOCT
MIIaHO-TIIIIOBOI cyMimmi. loHi3amis BHKINMKAaHA IOTY)KHUM HEOX-
HOPITHUM EJICKTPUYHUM II0JIEM, 1[0 BHHHMKA€ NMPH CaIbTaLii Ii-
MIMHOK MiJ] BIVIMBOM BiTpY. Pe3yabTaTn JOCHIKEHHS 03BONSAIOTH
CTBOPIOBATH HOBi METOMM IMCTaHI[IHHOTO MOHITOPHHTY IIPOIECiB
y HyCTEJIbHHX paliOHaX, 1[0 BIUIMBAIOTh Ha KIIIMAT BEIHKUX PErio-
HiB 3emui.

KimrouoBi ci10Ba: paionokaniiiHe CIIoCTEepeKEHHs, By3bKO-
HAaIpaBJICHE 3BOPOTHE PO3CIFOBAHHS PamiOXBHIIb, €OJIOBE MEPCHE-
CCHHS MICKY Ta MUITy, MilaHi OprKi, 10Hi3awis, eNeKTPUYHE MoJIe.
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	Рис. 7. Экспериментальные результаты измерения напряженности электрического поля на различной высоте над поверхностью при  эоловой транспортировке песка и пыли, усредненные значения за 5-минутные интервалы [2] (а); электрические разряды во время пылев...

