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NupopMmannoHHO-MaTeMaTHYeCKOe o0ecleYeHne a3poKocCMuYe-

CKHUX CHCTEM JMCTAHIMOHHOIO 30HAUPOBAHUS U PAAMANUOHHOIO

¢popcuHra Ha kauMaT 3eMJIH JJI51 MPOTrHO3a MOCJIeICTBUIT 0CBOe-
HUS PErHOHA APKTHKH U CyHepKOMHbIOTI/IHF*

T.A. CymikeBuu, C.A. Crpenkos, C.B. MakcakoBa
OI'bYH Uucturyt npukinagHoit marematuku uM. M.B. Kenaeiima PAH

B 2015 rogy mupoBast Hay4Hasi OOLIECTBEHHOCTh OTMEYAET AHU ITaMATH KPYIHEHIINX yae-
HBIX, KOTOpBIE CTOSIM Y UCTOKOB CO3JaHMs BEJIMKOI0 HAyYHOI'O HAclIeAUs TEOPHH NEPEHO-
ca M3ITy4eHHs B NPUPOJHBIX Cpelax W e NMPHIOKEHUH B KOCMHUYECKHX IIPOEKTaX, acTpPo-
¢u3HKe, KIMMAaTOJIOTHH, METEOPOJIOTHH, TUCTAHIMOHHOM 30HANPOBAHUHU 3€MJIH, TI100aTh-
HOM MOHHTOPHHTE OIACHBIX OOBEKTOB U MOCIEACTBUH MPUPOTHBIX M TEXHOI'€HHBIX KaTa-
ctpo¢ u T.4. Peus umer 06 0T€4ECTBEHHBIX JOCTHKEHHUSIX MHPOBOTO YPOBHS M COBPEMEH-
HOM pa3BHBaronieMcsi B Poccun HayqHOM MOTeHIMale, KOTOPBIH B TOJDKHOM Mepe obectie-
YMBACT METOANIECKHE OCHOBBI TEOPETHKO-PACUECTHBIX NCCIEIOBAHUN PaJHAllOHHBIX HPO-
L[ECCOB U PAJIMAIIOHHBIX MOJIEeH B perMoHe APKTUKU C HCIIOJIB30BaHUEM CYNEPKOMIIBIOTE-
POB ¥ pacHpeIeNICHHBIX BEIYUCIUTEIBHBIX HHPPACTPYKTYP C CETEBBIM KOMIIBIOTHHIOM.

1. BBenenune

Pabora nocesaercs «MexayHnapoaaomy ['oay cBeta u cBetoBbix Texnosoruit (1YL 2015)», ko-
TOpBIA OBIT TpoBO3TTameH Ha 71-M TuleHapHOM 3acemannu 68-i ceccum ['eHepanpHON accamOiien
OOH. «Cger - 3TO CUMBOJI €IMHEHUsI, CUMBOJI MYApPOCTH», - moAuepkHya rinasa OOH 19 suBaps Ha
uepemonun B mrab-ksaptupe FOHECKO B IMapmxke. CBeT — 310 oaHa u3 (QyHIaMEHTaIbHBIX (HOpM
3JIEKTPOMArHUTHOT'O I0JIs, KOTOpasi 00J1afaeT CBOUCTBOM Ayasin3Ma (3JEeKTPOMarHuTHas BOJIHA U (o-
TOH) M OIIMCHIBAECTCS M BOJHOBOM M KOPITyCKYJIIPHON KBaHTOBOH TEOPHAMH, B TOM YHCJIE€ KMHETHYE-
CKO¥ Teopueit mepeHoca usayuenus [1-7]. MexayHapoaubiit o cBeTa HATOMUHAET O POJIM CBETA B
JKU3HU HE TOJBKO YUEHBIX, HO U YEJIOBEUECTBA B LIEJIOM, U BaXKHO MOBBICUTH BCEOOLINH YPOBEHb HMC-
CIIEZIOBAaHUH O TOM, KAK C8EMOBble MEXHOA0UU MO2YM COOCUCME08AMb PEUIEHUIO 2100ANbHBIX NPO-
Onem u npuseanvl npusnecmu npeodpasosanus ¢ XXI eex, no0obHvle mem, KOmopuvle npuHecad 1ekK-
mponuxa 8 XX gex. Kak HIKOT]a OCTPO CTOUT M MpobiIeMa «3JIeKTPOMarHUTHON 0€301acHOCTH.

OTKpBITHE CBETA U €r0 CBOMCTB U NMPUJIOKEHUH CBSI3aHO C MMEHAMH BEJIMKUX YUEHBIX, TAKUX KaK
Apucrorens, ['anuneo [anuneit, Morann Kemnep, Mcaak HeroTon (Teopus cBeTa, 1iBeTa, pedpakiium),
Xpuctuan [toiirenc («TpakraT o cBeTe»; TEOpHs OTPaKEHHs, IPEIOMIICHHS U TBOWHOTO JIyderpe-
somiieHusi), Ortoct dpeHenb (TMOHSITHE «CBETOBasi BOJHA», Teopus audpaxuuu), M.B.JlomoHOCOB
(koprycKyJIIpHO-KMHETHYeCKast TeopHsi), YuibsiM [epiiens (OTKpbUT HHpaKkpacHoe u3nydenue), Mo-
rand Bunbrenbm Puttep (oTKpbuT yiabpTpaduoneToBoe u3nydenue), Maiikn ®apazeii (mpeackasan cy-
[IECTBOBAaHUE 3JIEKTPOMAarHUTHBIX BOJH), [DxeiiMmc MakcBemn (Teopusi 3JeKTPOMarHUTHOTO IOJISL B
KJIACCUUECKOW (pH3MKe, Teopus SIIEKTPOMArHUTHBIX B3aMMOJICHCTBUH, 00OOCHOBaHHE CYLIECTBOBAHUS
JJIEKTPOMArHUTHBIX BOJIH, KHHETHYECKash Teopus), I'epman ['enbMronibl (3peHHE W TEOpHUs IBETO-
omrymienust), A.I'.CroneroB (¢poroaddekr, 3akon Cronerosa), I1.H.JIebener (cBeTOBOE maBieHHE),
Opect XBonbcoH (nuddysus ceera, aktuHomeTpus), HoOeneBckuii naypeat Maxkc Ilnank (Teopus
TETUIOBOTO M3JTYYCHUs, U3ITydyeHHe a0CONIOTHO YEPHOTO Teja, OTKPhITHE KBAHTOBOW DHEPTHH, HAYaJI0
KBaHTOBO# (u3uku, moustre «poron»), HobeneBckuit gaypeatr AnpOepT DiHIITEIH (KOPITYCKYIISp-
Has TEOpHs CBETAa, NHTEHCUBHOCTh CBETA KAK Mepa INIOTHOCTH CBETOBBIX KBAHTOB; TEOPUSI PACCESTHUS
CBeTa Ha TepMOAMHAMHUYECKHX (IyKTyauusix B cpene, monsathe «horon»), HobeneBckuii naypeat
Makc bopu (kBaHTOBasi Teopus, ONTHYECKAs aKTUBHOCTh KPHUCTAJUIOB, JKHUIKOCTH, rasza, paccesHue

" Hccnenosanue nojiepkuBaercs rpantamu Poccuiickoro ¢onna ¢pyHaaMeHTaIbHBIX HCCIIeI0BaHUN (IIpo-
extbl 15-01-00783, 14-01-00197) u npoekrom IIporpammsl ¢yHnameHTanbHbIx ucciepoBanuii PAH (OMH-
3(3.5) [1dU PAH).
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cBeTa u yactul), JltonBur bonbiman (0cHOBaTeNnb MOJIEKYIAPHO-KMHETHYECKONH TEOPHUH, KHHETHYe-
CKOE€ ypaBHEHHE MepeHoca u3nydeHus u dactuil), Hobemnerckuii naypear CyOpaxmanbsin Yanapace-
Kap (mepenoc myquctoil sHeprun), HobemeBckwuii maypear Yapns3 Kao (nmepemada csera u madopma-
UM Yepe3 BOJIOKOHHO-ONTHYECKH Kabens), Hobenesckue naypearst ApHo Ilensuac u Pobept Bub-
COH (OTKPBITHE PEIUKTOBOIO KOCMUYECKOT0 AJIEKTPOMArHUTHOTO MHKPOBOJIHOBOTO U3ITyYCHUS) H JIP.

Bocnpusarne cBera B pa3nuyHBIX KYJIbTypax IBOJIOIMHMOHAPOBAIO CKBO3b BeKa. MOXKHO BCIIOM-
HUTH BKJIaJ apadckoro yueHoro XI Beka MOH anp-Xalicama B UCKYCCTBO 31T0XH Bo3poxaeHMsI, KOTO-
peiii B 1015 1. ocHOBan Teoputo BIUSAHUS €CTECTBEHHOTO CBETA M LIBETHBIX JIy4el Ha 3peHue. AnbTep-
HATUBHAs SHEPTHUS, MEIUIIIHA, CEIbCKOE XO3HUCTBO, NCKYCCTBO, KHHEMaTorpad, uccienoBaHme Koc-
Moca, acTpodH3nKa, HAHOTUATHOCTHKA, HAHOTEXHOJIOTHH, (OTOHHKA, JIa3ephl... O0IacTH MpuMEHEHNS
CBETOBBIX TEXHOJOIMH MOXXKHO MEPEUMCIATHh JNOJATr0. I'MraHTCKMHA HayYyHO-TEXHHYECKHH Mporpecc U
OecIpelieHICHTHBIN POCT BIHMSHUS YeoBeka Ha mpupoay B XX Beke emgé B 70-¢ - 90-e rojpl npuBenu
YYEHBIX BCETO MHpa, 3aHUMAIONIUXCS aHAJIM30M HApACTAIOIIMX AHTPOIOTEHHBIX W €CTECTBEHHO-
MIPUPOJIHBIX BO3JAEHCTBUN Ha OKPYXKAlOIIyl0 Cpedy, K BBIBOJY: BCEMHpHAs CUCTEMa MOHHUTOPHUHIA U
uepapxus Mojejel - TJIaBHble HHCTPYMEHTHI U3YYEHHUS U MPeJCcKa3yeMOCTH U3MEHEHUN MPUPOIHBIX
MIPOIIECCOB U Pa3/IeJIeHUs eCTECTBEHHBIX W aHTPOIIOTEHHBIX BO3ICWCTBUI Ha CIIOKHEHIIYIO JMHAMU-
YEeCKYyI0 CUCTEMY, KaKoH siBIeTcs IuiaHeTa 3eMisl. B TeopeTnyeckux M MpUKIAJHBIX WCCIIEOBAHUAX
BHeIpwiIcs TepMHH «[ To0anbHas cucreMay : He0OXOANMBI aHAIN3 U CUHTE3 3HAHWH O Pa3BUTHU ILIa-
HeTapHOW muBHiIU3arui. OcoOy0 3HAYUMOCTH MPHOOpeTaeT mpodieMa aneKBaTHOW OIEHKH POJH H
Beca MOJAEIUPYEMBIX MOJCUCTEM B JOJITOCPOYHOM HBOMONWHK Beel «[ToOanpHON CHCTEMBI», B TOM
YHCIIE CBA3AHHBIX C PaIHAllMOHHBIM mojieM 3emuu [7-21].

C 2004 roma Oomee 40 ctpaH ydacTBYHOT B MexkayHapomHoMm mpoekte GEOSS — I'moGampHas
Cucrema Haomonennit 3emun (I'CH3). B moBecTke aHSI COBpeMEHHOH NHWBUIIM3AINH BEAYIIEEe MECTO
3aHUMAaeT OCBOCHHUE M MOKOPEHUE peTHOHa APKTHKH. JTOT (yHIaMEHTaIbHbIA MEXyHAPOIHBINA TPO-
€KT TIO CJIO)KHOCTH U MacIITaOHOCTH MOYTH TaKOT'0 K€ MaciTada, Kak MPOeKT OCBOCHUS M MMOKOPEHUS
KOCMOCa, U JJISI €T0 pealTu3aliyl YPe3BhIYaiHO BaYKHO MCTIOIH30BATh MPHOOPETEHHBIN OIBIT U B TEO-
pUM U B MpaKTUKe IpU co3laHuM KoMIiulekcHbIX cucteM [1PO u IIBO, Bkitoyas cucTtemMsl OnepaTrB-
HOT'0 HaOMIOJICHHS U TII00aJIbHOTO MOHUTOPHHTA, IPUHATHS PELICHHUS U YIPABJICHHI C NCTIONb30BaHM-
€M CYIEePKOMITBIOTEPOB, MH(POPMAIMOHHBIX TeXHONIOrui u TexHonorud Uuarepner, 'PUJl, «obmau-
He1x», [ JIOHACC u 1.11. koMnbOTHHTA. Hemano aHanoruii : 00beKT NCCIIeIOBaHUS TPYAHOAOCTYIIEH,
MPOEKT OCBOCHUS KOMITICKCHBIH M MEXIUCIMIUTHHAPHBIN, BBICOKOTEXHOJIOTUYHBIA U (PyHIaMEHTAb-
HBI, MEXTyHAPOTHBIA U [TUBWIIN3AIIMOHHBIN, OCTPO CTOSAT HECKOJIBKO KITFOUEBBIX IS IIAHETHI 3eMIIS
BOTIPOCOB, XOTS UCTOPHUS M3Y4YCHUSI APKTUKUA HACUUTHIBAET COTHU JeT. [logeMy n3MeHs0TCs OKeaHu-
yeckue TeueHua? [louemy taer nen? Kakosa yrposa «BceMHpHOTO» MOTOMNA U «JIEIHUKOBOTO MEPHO-
na»? Kak MOTYT U3MEHUTHCS KIIMMAT U Orocdepa 3a MOISIPHBIM KPYTOM TOJT BIMSIHUEM €CTECTBEHHO-
MPUPOJTHOTO M aHTPOIIOTEHHO-TEXHOTEHHOTO Bo3aercTBUA? Kakue yrpo3sl CBS3aHBI C YBEITHYECHHUEM
JI0OBIYM YTIIEBOJIOPOJIOB HA Iienb(e OKeaHa W TMOCIENCTBUSMH pacmupeHus: chepsl HedTe-razoBoit
otpaciu? Kak obecrieunts kpyrioroauunsiii CeBepHbI MOpcKoi myTh /Ui cynoB? OTBETHI Ha BO-
MIPOCHI MOKHO TTOJTYYUTh, TOJIEKO €CITH BCEM MUPOM BIUIOTHYIO 3aHATHCA «[IporpamMmmoii ApkTukay.

2. [TocTanoBKa 3a1a4M

B cBsI31 ¢ pocTOM pHCKa ecTeCTBEHHO-TIPUPOJHBIX U TEXHOTCHHBIX aBapHid, IPOBEJCHUS BOCHHBIX
orepanuii 1 BO3MOXKHBIX KPYITHOMACIITAOHBIX TEPPOPUCTHUECKUX AKTOB DKOJIOTHYECKAas M TEXHOJO-
rudeckas 0e30MacHOCTh IEpeXOoAiST B pa3psa CTPAaTETMYECKUX U BaKHEHIINX CONMAILHO-
H9KOHOMHUYECKHX (PaKTOPOB, a MaTEeMaTHUYECKHE MOJAEIH CTaHOBATCS 3()(HEKTUBHBIM HHCTPYMEHTOM
TIOBBIILICHHUS KAYe€CTBA M ONEPATUBHOCTH IKOJIOIMYECKOTO MIPOTHO3UPOBAHUS U BBISBICHUS, B YIPEXK-
JIAIOIIEM PEKUME, MPEIIOCHIIOK KOJIOTHYECKUX KaTacTpo(d Ha OCHOBE KOMIBIOTEPHOTO MOJEIHPO-
BaHUSI «CIICHAPUEB» U JIAIOT 3HAYUTEIbHBIA COLMAaIbHO-IKOHOMUYECKHN 3P PEKT 3a CUET MPeaylpexk-
JI€HHSI 1 CBOEBPEMEHHOT'O IIPUHATHS MEP MO CHIKEHUIO UX OTPULATEIBHBIX ITOCIEICTBHM.

B TeueHue ThICSUYENETHI YEIOBEYECTBO M3YYaeT 3BE3/bl M TUIAHETHI COJTHEYHON CUCTEMBI ITyTeM
BU3YyaJIbHBIX, a To3qHee (ororpaduyeckux u QoTodNeKTpudeckux HaOmoAeHui. TonbKo IiaHeTa
3emitst 1o cepenunbl 20-To Beka ocTaBanach HeJOCTYMHOHN. JIMIIb M0 OTpa)keHHOMY CBETY OT MOBEPX-
HocTH JIyHBI (TIETIeNIbHBIA CBET) MPEICTABISUIOCh BO3MOXKHBIM OIEHHTh WHTETPANBHOE H3ITyYeHHE
3emun. llInpokne BO3MOKHOCTH HCCIIEIOBAHMN PAJNAlMOHHBIX XapaKTEPUCTHK 3eMIIH TOSIBUIINCH B
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pe3ysbTaTe CO3IaHus PAaKEeTHON M KOCMHYECKOH TeXHHKH [8-21]. DiekTpoMarHuTHOE H3Iy4eHHE, pe-
THCTPUPYEMOE Pa3HbIMHU CPEICTBAMHU, SIBJISIETCS] OCHOBHBIM MCTOYHUKOM MH(OPMAIMK O CTPOESHUH U
¢$u3nMUeCcCKuX CBOMCTBAX IUIAHETHBIX aTMOC(Ep M MOBEPXHOCTEH NP AUCTAHIMOHHOM 30HIUPOBAHUU
3emiu (/133). [y maccUBHBIX cHCTEM HAOMIOJCHUN HMCTOYHHUKAMH W3IyYEHUs! SIBISIFOTCS BHEIIHUHN
COJTHEYHBIN TIOTOK KOPOTKOBOJTHOBOTO JHAIa3oHa creKTpa (yiapTpaduoIeTOBbIN, BUIUMBINA, ONKHUMA
WH(PaKpacHBI) U cOOCTBEHHOE M3ITyYeHHUE TUTAHETHI [TMHHOBOJIHOBOTO JTHana3oHa criekrpa (mHdpa-
KpacHbIl, MUJUTUMETPOBEIH). B aKTUBHBIX cHcTeMax MCTOYHHUKOM MHCOJISIIIMK MOKET OBITh Jla3epHBIT
WK IpoXKeKTOpHbIH J1yu. B.M. Bepnaackuii : «CBoeoOpa3HbIM, €JUHCTBEHHBIM B CBOEM POJE, OTIINY-
HBIM U HENOBTOPSIEMBIM B APYIMX HEOECHBIX TeNax MPEeACTaBISETCA HaM Jauk 3emau — ee n3o0paxe-
HHE B KOCMOCE, BBIPHCOBBIBAIOILEECS WM3BHE, CO CTOPOHBI, M3 JalH OECKOHEUHBIX HEOECHBIX MPO-
cTpaHCTB. B ke 3eMin BBIABISIETCS HOBepXHOCMb HAIIEH TUIAHETHI, ee Ouocgepa, ee HapyKHas 00-
JacTh, OrpaHUYMBAIONIAs €€ OT KOCMHU4YecKoW cpeapl. JIMK 3emin cTaHOBUTCS BHIOHBIM Onarogaps
NPOHUKAOLIMM B HETO CBETOBBIM M3JTy4EHHSIM HEOCCHBIX CBETUII, INIaBHBIM 0Opa3om CounHiay [22].

ConHeuHOe M3JIyYyeHHE - OAMH U3 HEOThEMJIEMBIX (DAKTOPOB KM3HEOOECIIEUEHUsI YETIOBEKA, JKU-
BOTHOTO U PACTUTEIBHOTO MUPa Ha 3eMIle, a TAKXKe OJlHA M3 OMPEICISIOMINX KOMIIOHEHT 3eMHOH 3KO-
CUCTEMBI U OHochepsl, A7 MOBEACHHUS KOTOPHIX XapaKTepPHO B3aUMOJICHCTBUE OTACIBHBIX KOMIIOHEHT
C MPOSIBIIEHUEM CHHEpru3Ma (0OpaTHBIX CBSI3€H, KOTOpble HHOTJa IPUBOIAT K B3aMMOYCHJICHHIO Pa3-
TMYHBIX TporeccoB). [lose comHeYHOro U3MyyeHusl BIMsSET HA MEXaHU3Mbl H3MEHUYMBOCTH (AMHAMHU-
YeCKHEe MPOIECCHl: IUPKYJISIINS, KOHBEKIUS, TypOyIeHTHBI NepeHOC; paJAualliOHHbIe U (OTOXUMHU-
YeCcKHe IMPOLECChl) Te0PU3nIECKOro, METCOPOIOTHIECKOT0, KIMMAaTHIECKOIO COCTOSHUSA 3eMIIH, KO-
TOpBIE 00JaNar0T CJIOKHBIMH HETMHEHHBIMHU CBS3SMH, 3aTPYIHSIOIIMMH IpPEACKa3aHUEe BO3MOXKHBIX
3¢ deKTOB, OLIEHKY MX BeMUMHBI ¥ 3HaunMocTu. B.W. BepHanckuii : «ConHileM B KOpHE TiepepaboTan
Y U3MEHEH JIMK 3eMJIH... YK€ SICHO OIPOMHOE 3Ha4cHHE B OMOC(epe KOPOTKHX YIbTPa(HOIETOBBIX
BOJIH COJTHEYHOH paIualyy, JJUHHBIX KPACHBIX TEIUIOBBIX M MPOMEXYTOUHBIX JIydeld BHIUMOIO CBE-
TOBOTO CIIeKTpa. B cTpoennu OGuocdepsl... MOXKeM BBIACIUTD €€ YacTH, UTPAOLINE POJIb TpaHchopMa-
TOPOB IS 3TUX TPEX Pa3IMYHBIX CHCTEM COMHEYHBIX KojeOanuit» [22].

HNudopmanmonHo-MaTeMaTnieckoe obecrieueHue — o0s3aTeNbHass COCTaBHAs 4acTh IHOOOTo
KOCMHYECKOTO TpoekTa. [Ipy MoAroTOBKE aHATUTHYECKUX 0030poB u3aaHbl npenpuHTh [8-10], B KO-
TOPBIX coOpaHbl HanboJIee 3HaUMMbIE TyOJUKALMK U THOHEPCKUE M3IaHUs, COJEPIKALINE PE3YIbTaThl
u poctmwxenus B o0iactu /133 (6onee 800 cehutok 10 1999 r.). Celiyac 370 BOCIPUHUMAETCS KaK HC-
TOpHSI HAYKW W HAYYHBIM NoTeHInal. OCBOEHHE KOCMHYECKOTO MPOCTPAHCTBA MOCITYKMIO (haKTOPOM
(bopMHPOBaHMSI HOBBIX HaYYHBIX HAIPABJICHU, CBA3aHHBIX C BBIYMCIUTEIILHOW MAaTeMaTUKOM, Marte-
MaTHYECKHM MOJETUPOBAHUEM PaJUALMOHHOTO MOJIs 3eMJIH, Teopuell mepeHoca N300pakeHusi, Teo-
pueli BUIeHsI, Teopueit 00pabOTKH U pacrio3HaBaHHUS 00pa30B, HAHOAUATHOCTUKY H T.1I.

B 3aBucHMOCTH OT JUIMHBI BOJIHBI, WJIM YaCTOTHI KOJIeOaHUM, 1 OCOOCHHOCTEH B3aMMOJEHCTBHUS C
BEIIECTBOM BECTb CIEKTP 3JIEKTPOMArHUTHBIX BOJIH JEIMTCS HA CIEOYIOLIME OCHOBHBIC TUANa3oOHbI:
PaMoBOJIHBI, MUKPOBOJIHOBOE M3Ny4YeHHUe, HH(DpaKpacHOe U3TydeHHe, BUJUMBIN CBET, yabTpaduoe-
TOBOE M3JIyYeHHE, PEHTICHOBCKOE M3JIyUYCHHE U JKECTKOE raMMa-H3JIydyeHHe. DJIEKTPOMAarHUTHOE H3-
Jy4eHHE CIIOCOOHO pacTpOCTPAHATHCS MPAKTHYECKH BO BCEX CPEAax M B COOTBETCTBHM C MPUIIONKE-
HUSIMH MOJKET OIMCHIBATHCS PAa3HBIMU (DU3UKO-MAaTEMATHIECKHMHU MOJAEIISIMHA — 3TO MOTYT OBITh YpaB-
HeHHuss MakcBennia, ypaBHeHue ['enbpmroibna, ypaBHenue Jlanngay, ypaBHeHune BnacoBa, ypaBHeHne
JImyBunnsa, ypaBHenue IIpénunrepa, ypaBHeHune @okkepa-lIlnanka, ypaBHeHne YenmeHa-
Komnmoroposa-CmonyxoBckoro, ypaBHeHue auddysun unn kBasunud¢ysun, ypaBHeHus boromo6o-
Ba, KHHETUYECKUE ypaBHEHUs1 bollbIMaHa, HHTErpajJbHOE ypaBHEHUE TIEPeHOCca U X IpuOiImKeHns. B
1955 rogy B Uncruryre Kengsima npogeccop E.C. Kysnenos [3] co3aan eAMHCTBEHHBIH B MUPE OT-
nen «KuHernueckue ypaBHEHHs», B KOTOPOM MPOBOJMIIMCH MCCICAOBAHMS BCEX TUIIOB YPaBHEHUH U
KJIACCOB MOJIEJIel KMHETHYECKOH TEOPUHU B PA3HBIX MPUIIOKEHUSIX, B TOM YHCIIE B aTOMHBIX, PEaKTOP-
HBIX U TEPMOSIEPHBIX MPOEKTaX, BHICOKO- M HU3KOTEMIIEpaTypHOW Iula3Me, aTMOC(EpHOil ONTHKE,
OINTUKE OKeaHa, KOCMUYECKUX MPOEeKTax, acTpodusmke u T.1. B Hacrosimee Bpemst B Poccun coxpanu-
JIMCh JIBE HAYYHBIE IIKOJIbI, CQOPMHUPOBAHHBIE MTPH BBITOJHEHHN CTPATETHYECKUX aTOMHBIX U KOCMHU-
YECKHX TPOEKTOB IO CO3/IaHUI0 «PaKETHO-SIJIEPHOTO MIUTA», OCBOCHUS KocMoca 1 pa3padbotku [TPO: B
BI[ CO PAH (1. UBMuMI') I'.'1. Mapuyk u ['.A. Muxaiinos [6] ocHOBaiM IIKOJy IO METOJaM CTa-
THCTHYECKOTO Moaenuposanmsi 1 Monre-Kapio, a 8 UIIM um. M.B.Kenaeima PAH crienmanuzupy-
IOTCS 110 JIETEPMUHUPOBAHHBIM aHAJIMTUYECKUM M YUCIICHHBIM METOJ/IaM peIIeHHs 3a]ad TCOPUH Tie-
peHoca, B TOM YHWCIIe C MapajuieIbHBIMU aJrOpPUTMaMH Ha MHOTONPOLIECCOPHBIX BBIYUCIUTEIBHBIX
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CUCTEMaxX U CYNEPKOMIIbIOTEpaxX. OTH KOJUICKTHBBI 3aHMMAIOT JUAMPYIONIUE MO3UIMA B MHUPOBOM
HayKe, a TMOJX0JIbl, METO/IbI U aJTOPUTMbI B32aUMHO JIOTIONHSFOT U BMECTE CO3/IAI0T BCEOOBEMITIOIINI
HAYYHBIA TIOTEHIIMAI, IOCTATOYHBIN JIJIST PEIICHHS CTOSIIUX 33/1a4.

CHOXHOCTB 33J]a4M 3aKJIF0YACTCS B HEPEPHIBHOM TUHAMHYECKON H3MEHUNBOCTU U CTOXACTHYHO-
CTH MOJIETTH CPEeIIbI, OOJBIIOM pa3HOOOpa3uy MPoIeccoB TpaHnchopManuy dHepruu ColHITa, BapruaH-
TOB BU3HPOBAHHS M CIOCO0OB W3MepeHHd. VMeeM Jeno ¢ KpaeBbIMH 3ajadyamMH JUIsl WHTETpPO-
TG HEepeHINANTBHOTO WIM HHTETPATBHOTO KHHETUYECKOTO YPaBHEHUS, OIMCHIBAIOIIEIO MEPEHOC U3-
JIy4eHHsI B PACCEHBAOINNX, MOTJIOMIAIONINX, U3TYYArOIINX, MPSIOMIISIONINX, TOISIPU3YIOIIUX Cpeaax
¢ 1D, 2D wmiau 3D minockoi i ceprudeckoil reoMeTpreil. YUuThIBas MacmTabHOCTh, MHOTOMapa-
METPHUYHOCTh, MHOTOBAPHUAHTHOCTh 3€MHBIX YCIIOBHH, & TAKXKe Pa3MEpPHOCTh (pa3oBoro oobema 3amaad
(oT 2 10 7 mepeMEeHHBIX) HECOMHEHHO TPEOYETCsl IMUPOKOE MCIT0JIb30BaHUE MH(POPMAIIMOHHBIX TEXHO-
JIOTHH U CYyTIEPKOMITHIOTEPOB, OCBOEHHE KOTOPHIX Haday B 1989 romy.

3. Hapa.]'lﬂeJILHble AJITOPUTMBI

J1st KOCMMYECKHUX MPOEKTOB U KOCMHUYECKHX HAOIIONEHHUH C MEPBBIX IIaroB OCBOCHHUSA KOCMHUYE-
CKOTO MPOCTPAHCTBA HEOOXOIUMO OBLIO pa3pabaThiBaTh MHCTPYMEHTAPHHA PEUIeHHUs IBYX OCHOBHBIX
KJIaCCOB MHOTOMEPHBIX 33/1a4 TCOPUH MIEPEHOCA U3TyUSHHUs, aKTYalIbHOCTh KOTOPBIX Bo3pocia [7]:

- nist 2D u 3D cepudeckoit 06010ukH (cheprueckas 3emist ¢ atMochepoid, cyieii, OKeaHOM),

- s 3D mockoro ciiost (cuctema «arMocdepa - 3eMHast TOBEPXHOCTh, OKEaH»),

C ABYMs TUITAMH UCTOYHUKOB!

- BHEIIHUH MapaieNbHbli IOTOK COJIHEYHOTO (KOPOTKOBOJIHOBOT'O) H3JIyUCHHUS,

- coOcTBEHHOE (JNTMHHOBOIHOBOE, MH(PPAKPACHOE, MIJUIUMETPOBOE) U3TYUCHHE TUIAHETHI.

Hcnonb3ytoTest n anpoOUpoBaHbI CISAYIONIUE AITOPATMBI paciiapalIeIMBaHuUs BEIYMCIICHHH:

1) pacnpesnenenHble BeraMcIeHus 1o ¢puzndeckum Monessim (st [PUJI- n «o0mauHbIX» cucTeM):
- MHOTOCIIEKTpaIbHbIE (IO CIIEKTPY JUTMH BOJIH, 10 ABYX MHJLTMOHOB MOJIOC TOTJIOICHHMS);
- 10 ONITUKO-Teodu3uIecKoit nmoroje (1Mo KodhduireHTaM ooIei KpaeBoii 3a1aun);
- [10 ICTOYHUKAaM H3JIYUCHHA
2) pacmpeneneHHbIE BBIUMCICHHUS Ha OCHOBE METOIMYECKOrO pacHapauIeIMBaHUs - EKOMIIO3ULNN
KpaeBbIX 3a/1a4:
- TI0 MOJIEIISIM TepPEeHOCca M3IyUYeHNUs, T.€. M0 MPUOIMKEHHSIM TEOPUH MTEPEHOCA H3ITYyUCHUS;
- 10 OJ00JIACTSIM T€TEPOTeHHOM CPebl;
- 110 TapameTpaM BeKTopa (YHKLUI BIUSHUS;
- 110 TapaMeTpaM BEKTOpa MPOCTPAHCTBEHHO-YaCTOTHBIX XaPaKTEPHUCTHK;
- 110 KOMITOHEHTaM BEKTOPHBIX (DYHKIIMOHAJIOB;
3) anropuTMHYECKOe pacnapauleIMBaHue Ui MHOTOMEPHBIX MOJAETICH:
- OJTHOKPATHOE PacCesiHUE M0 XapaKTePHCTHKAM;
- MHOT'OKPaTHOE PacCesTHUE 110 HHTErpaJiaM CTOJIKHOBEHHIA;
- 110 KBaJpaHTaM YIJIOBBIX Pa3HOCTHBIX CETOK;
- 110 O00JIACTAM C Pa3HBIMH CETOUYHO-XaPAKTEPUCTUUECKUMHU CXEMaMHU.

4. UuopManMOHHO-MATEMATHYECKAS CHCTEMA

CoznaBaemast nHMOOPMAITMOHHO-MaTEeMAaTHYECKasi CHCTEMA COAEP)KHUT TPH TPYIIIHI TPOrPaMMHBIX
KOMIUIEKCOB, COOTBETCTBYIOIINX TPEM dTaraM PeIeHHs 3a/1a4H.

[lepBas rpynma nporpamMm - (OpMHPOBaHUE ONTHKO-METEOPOJIOTHYECKUX MOJENEH Cpenbl: Mpo-
rpaMMbl pabOTHl C apXMBOM M 0a3aMH JIAHHBIX Mojeiell aTMocdepsl, 00JIaKOB, JBIMOB, 3eMHOW TO-
BEPXHOCTH, OKeaHa; OaHK CIEKTPOB IOTJIOMICHHS aTMOC(HEPHBIX Ta30B; OAHK XapaKTEPUCTHK a’po-
30JIBHOTO PACCESHUSI U TOTJIOMICHUs; (JOpMUPOBaHUE MOJENIH aTMOC(ephl; MaKeThl AaHHBIX K MPO-
rpaMMaM pacdeTa paJuallMOHHBIX XapaKTepUCTUK U T.1.

Bropas rpynma nporpamm — 6uOIMOTEKa MPOTrpaMM YHCICHHOTO PEIIeHUs] YPaBHEHHUS TlepeHoca
M3JTy4eHHs! OBICTPBIMU MPHOIMKEHHBIMU H PEIIPE3EHTATUBHBIMHI BEICOKOTOUHBIMH METOAAMHU.

Tpetest Tpynmna nporpamm - 00paboTKa M THarHOCTHKA Pe3yJIbTaTOB PacueToOB: pacyeT (PyHKIHO-
HAJIOB; aHAJMTHUYECKas anmpOKCHMAIMS W IapaMeTpu3anusi TaOJWYHBIX (DYHKIHH; KOMIBIOTEPHAS
rpaduka 1 BU3yanu3anus; pemneHne oOpaTHbBIX 3a7a4d 0 BOCCTAHOBIICHUIO TTApaMETPOB CPENbI U T.JI.
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Peanuzarus QpyHKIMU yrnpaBieHUS U CETEBOTO B3aMMOACHCTBUS KOMIUIEKCOM MPOTPAMM MPOU3-
BOJHUTCS C TIOMOIIBIO 000JI0UeK (wrapper's), HaMCaHHBIX Ha s3bIKe ommcanms crieHapueB Perl. Kom-
TUIEKC MaTeMaTHYECKHX MOJIENel, METOJIOB U MPOrPAMMHOTO OOECIICUCHHsT TIPEICTABISET COO0M OT-
KPBITYIO Pa3BHBACMYIO CUCTEMY MaTEMaTHUECKOTrO MOICITUPOBAHUS.

Pa3paborana yHHBepcasbHasi BEIYUCIUTEIBHAS cpeia, BKirovaromas nakersl nporpamm NACRE-
M (New Automatic Code Radiation Earth — M-layers) mis grcineHHOro pemenns o6ImuX KpaeBhIX 3a-
Jla4 TSOPHH MEPEHOCA U3MYUYCHHS B TUIOCKUX T€TEPOTCHHBIX CHCTEMaxX W pacdera paJHallMOHHBIX Xa-
paKkTEepUCTUK (YIIOBBIX, MPOCTPAHCTBEHHBIX U CIEKTPATIBHBIX PACIPEICIICHUN SHEPTreTHUECKON SPKO-
cti U (pyHKIUH BIUsSHAS, cepuieckne U nodychepruiecKue IIOTHOCTH U MMOTOKH H3ITydeHus, Kodd-
¢urmentsl tudy3un 1 AHU30TPOTINH TTOJIEH U3TYUISHHS U T.11. (YYHKIIHOHAIBI) C YI€TOM a3pPO30JIbHO-
MOJIEKYJIIPHOTO PACCESHUSI U TOTJIONMICHMSI, CHIILHOW aHM30TPOITUN PACCEsSHUs, a TAKXKE CPEJICTBA aB-
TOMATH3allMH, HATHCAHHBIC Ha S3bIKE OMHMCAHUs ClieHapueB Perl, ast opranu3anuu pacrapasieanBa-
HUSI pACUCTOB, apXHMBAIlUM M TEMATHIECKON 00pabOTKH pe3ybTaTOB PacyeTOB JJIs IIMPOKOW 00IacTi
MPUJIOKEHUH. DTOT KOMIUICKC aJJalTUPOBAH K HMCIIOJIb30BAHUIO Ha BBICOKOMPOU3BOAUTENbHBIX [IK 1
MHOTOIIPOIECCOPHBIX BBIYHUCIIMTCILHBIX CHCTEMax, B TOM 4YHUCJIC Ha CYINCPKOMIIBIOTCpax B MC]_I
Komrmiekc MaTeMaTnieckux MOJEICH U METOJIOB MPEJCTABISAET COO0H OTKPBITYIO PA3BUBACMYIO CHC-
TEMy MaTeMaTH4eCKOT0 MOJEIIUPOBAHNUS. AHAIIOTOB HE CYIIECTBYET.

5. 3akiarouenue

Kocmudeckne cpencTBa cO3Jal0T YHUKAJIbHBIC YCIOBHS Uil AMATHOCTUKA U MOHHTOpPUHTA 3EM-
HBIX OOBEKTOB U SBJICHHI B TII00ATBHOM MacinTabe, a TeM OoJee B ycrmoBusax Apkruku. [Ipu aucran-
LMOHHOM 30HAMPOBAaHUU 3eMJIM M3 KOCMOca (PaKTHUECKH PELIaroTCsi OOpaTHbIE 3a1a4d, Korna (Gpusm-
YecKHe, XMMUIECKUE, OMOOTHYEeCcKe, TeOMETPHUECKIE XapaKTEPUCTHKH 00bEKTOB HAOIIOICHHS OTI-
PENeNSI0OTCS C UCIONb30BaHUEM (PYHKIIMOHATBHOM 3aBUCHMOCTH MEXIy HUMHU U U3MEPSIEMBIMH Iapa-
MeTpamH. J{j1s1 yCTaHOBJICHUS TAKUX 3aBUCUMOCTEH HEOOXOIUMBI ITOJIMTOHHBIE UCTIBITAHUS U PELICHUS
OPSMBIX 33]a4 MaTeMaTHUYECKOT0 MOJEIMPOBAHHSA, B KOTOPHIX YCTAHABIUBACTCS YYBCTBHTEILHOCTH
palualMOHHBIX MOJIEH K MapaMeTpaM U CBOMCTBaM cpelibl 1 0OBHEKTOB.

OTO nmOArOCpovHas cTparerus B OOJIACTH MEXIYHApOAHOM KOCMHYECKOW [IesTEIbHOCTH U
«computer science». OcHOBHast (pyHIaMeHTalbHas MpodiieMa CBA3aHA C Pa3BUTHEM HOBOT'O HaIPaB-
JIeHWs1 B HayKe, pa3paboTKON METOJIOB M CPEJICTB JJISl SKCIIEPTU3bI, IPOTHO3UPOBAHUS M KPUTEPUEB
OLIEHKM ONAaCHOCTH IPOLECCOB, OOYCIIOBIEHHBIX IIO0ATbHBIMA M3MEHEHHAMHU KiMMarta, Orocdepsl,
9KOJIOTHH W TIOCIIEICTBUAMHU KaTacTpO(MUUECKUX SBJICHUH, 3aMEHA HATYPHBIX HCIBITAHUH BBIYMCIIH-
TEJBHBIM SKCIIEPUMEHTOM W WUMHTAIIMOHHBIM MOJEIHpPOBaHUEM. B mepcrekTHBe JKoJoTHYecKas W
TEXHOJIOTHYeCcKast 0e30MacHOCTh He TOJBKO B MacmTabax Poccuu, HO W BCeil TUIaHETHI MEPEXOAUT B
paspsl CTPATErHYECKHX W BAXXHEWIIMX COLMAIbHO-3KOHOMHYECKHX (AKTOpOB, a MaTeMaTHyecKue
MOJIENIN CTAHOBATCS () (HEKTUBHBIM HHCTPYMEHTOM HCCIIECIIOBAHMHA M PELICHUS] HAYYHBIX U MPAaKTHYE-
CKHUX 3ajiad.

B nepcnexruse 1enecoodpa3Ho pa3paboTaTh TEMATHUECKYIO WHPOPMALMOHHO-MAaTEMAaTHIECKYIO
cucTeMy ¢ OMOJIMOTEKOH KOMIIBIOTEPHBIX KOJOB M KOMIBIOTHHIA JUI MOJAEIMPOBAHMSA 3JIEKTpOMAr-
HUTHBIX 3a/la4 U PaclpOCTPAHEHUS] CBETa HAa OCHOBE pasHbIX (DPM3MKO-MAaTEeMaTHYECKHX MOJENCH B
PasHBIX MPHOIMKEHUSX B Pa3HBIX CpeAax Ijsl pa3HbIX MpUIIOKEeHUH. B HacTosmel paboTe orpannyu-
BaeMcsl MpodJIeMaMH MOJICIMPOBAHNSI HEPABHOBECHBIX PaAHAlMOHHBIX MPOLECCOB B MPUPOAHBIX Cpe-
Jax 3eMITi, HaXOISIIUXCs B JTMHAMHYECKOM COCTOSIHAH, B PaMKax KIIaCCUYECKOW KHHETHYECKOW Teo-
puu BonbliMaHa Ha OCHOBE HHTETPO-TUPHEPEHIIMAILHOTO YPAaBHEHNUS, KOTOPOE MOXKET OBbITh MOTyde-
HO M3 KJIACCHYECKOH CHCTeMbl YpaBHEHHI MakcBeIa MyTeM CTaTHCTUUECKOTO YCPEAHEHHS C YUETOM
TOJIBKO MAapHBIX CTOJIKHOBEHUH MJIM B3aUMOJCHCTBUII.

Cratbst mocBsmaercst 90-neturo ocHoBanus Axkamnemun Hayk CCCP (1925 r.) u mamsaTu mocie-
Hero [Ipesunenta AH CCCP akagemuka ['ypus MBanoBnua Mapuyka B cBsizu ¢ 90-neTreM co JTHS €ro
poxnenus (08.06.1925 - 24.03.2013), akanemuka Buktopa BukropoBuua CoboneBa B cBsizu co 100-
netneM co aus ero poxaerus (02.09.1915 - 07.01.1999), akanemuka Bacunus CepreeBnua Biuagumu-
posa (09.01.1923 - 03.11.2012) u moero yuurens npodeccopa Errpada CepreeBuua Kysnerona
(13.03.1901 — 17.02.1966), ¢ KOTOPBIMH 5 BCTpETUIIACh, Korjaa MHe Obuto Beero 20 JieT, ¥ KOTOpbIE
OKa3alli KOJOoCccaIbHOE BIMSHUE Ha (POPMHPOBAHKME MOETO ITyTH B HayKe U padoTe.
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Information and mathematical software for the aerospace systems
of remote sensing and the radiation forcing on the Earth's climate
to predict the consequences of development of the Arctic region
and computing

Tamara Sushkevich, Sergey Strelkov and Svetlana Maksakova
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In 2015 the world scientific community celebrates the day of memory of the greatest scientists
who stood at the origins creation of the great scientific inheritage of the theory of radiation
transfer in a natural and artificial environments and its application in space projects, as well as
in astrophysics, climatology, meteorology, remote sensing, global monitoring of dangerous
objects and consequences of natural and anthropogenic disasters, etc. The report will talk
about national achievements at the world level in the theory of radiation transfer in a natural
environments and on developing in modern Russia's the modern scientific potential, which
adequately provides the methodological basis for the theoretical and computational researches
of the radiation processes and the radiation fields in the Arctic region with the use of
supercomputers and distributed computing infrastructure with a network computing.



