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AnaHOTa U

B pa6ore mpousBomuTCcs OlleHKa OUTOBOM CKOPOCTH TeHEpaIduh KJII0Ya CUMMETPUYIHOIO
g poBaHus U3 O0IMIEro JJTst ABYX MTYHKTOB CBA3M MCTOYHWKA, TPUPOIHON CIyUANHOCTH, B Ka-
“ecTBe KOTOPOTO MCIIOJIb3YeTCsT MeTEOPHBIN pagrnokanat. PaccMorpena obmast MeTOIMKA TeHe-
panuy KJIIOYEBOH MOC/Ie/I0BATEIHHOCTA HA OCHOBE (DU3UYECKHUX CBOWCTB METEOPHOrO DPauo-
KaHajla M METOJMKA OIEHKM ee CpeaHeil CKopocTu. PaccMOTpeHbl OCHOBHBIE alapaTypHbIE U
dusmyeckne HaKTOPHI, OTPAHNYMBAIOIINE €€ BeIuunHy. Ha OCHOBE CTPOTOTO perieHus 33 a9n
nudpakiuu paguoBOIH HA METEOPHOM CJIeJIe MCCIe0BAHBl OCHOBHBIE 3aKOHOMEDPHOCTH (Dazo-
BOI HEB3aWMHOCTH HA METEOPHBIX DPAIUOJUHUSX PATUIHON JIMHBI, PACCMOTPEHBI TTPUIHHBI
€€ BOSHUKHOBEHUS ¥ JIAHBI KOJUYECTBEHHBIE OIEHKU.

KiroueBble ciioBa: K0 CUMMETPUIHOr0 mudpoBaHUs, pacrpeenenne Kpunrorpadu-
YeCKUX KJII04Yell, MeTeOPHBIIN paarnoKanast, mudpakiims paanoBOIH, HEB3AUMHOCTD, HeCTA0M/Tb-
HOCTH, IMHTAIIMOHHAA MO/esb, SHTPONNHA, CKOPOCTD IepeIadn JaHHBIX.

BBenenue

[Ipobmema pacnpenenerns Kaodeid mMu@pPOBAHNA B CAMMETPUIHBIX KPUITOCHCTE-
Max siBisieTcst ofgHON m3 dyHmameHTambHbIX npobiem kpunrtorpadwun [1]. Cormacho
teopeme ITIeHHOHA O COBEPINEHHBIX KPHUNTOCHCTEMAX [2] TEOPETHUECKYI0 HEPACKPHI-
BaeMOCTh mmudpa BO3MOKHO JOCTUYD MpH COOJIOIEHUM JBYX YyCIOBHiA: 1) Kaxkmoe
CEKPETHOE COODIEHNE JOMKHO MU(POBATHCS ¢ MCIOJb30BAHUEM YHUKAIHHOIO KIII0YA,
2) 06beM CeKPeTHOro COObIIeHUs He J0JIZKEH [IPEBOCXOAUTH 0ObeMa Kioda mudpoBa-
Husi. JIinTeibHOE BpeMsi BBITIOJTHEHNE YKA3AHHBIX YCIOBUH MPEICTABIISAIOCH TEXHUIECKU
HeocyImecTBUMbIM. B paborax [3-5] OblI TIpeyioyKeH OpUTHHAJIBHBIH Crocob reHepa-
[IUA U JUCTAHIIHOHHOTO PACIpEIeIeHNs KPUNTOrpaduIecKux KII0Uell Ha PaCCTOSHUE
110 2000 KM, OCHOBAHHBIN HA (PUBUIECKUX CBOWCTBAX METEOPHOrO PACIPOCTPAHEHUS Pa-
JIMOBOJIH — «MeTeopHas Kpunrorpaduss. Ha ceromsiauii 1€Hb 9TO €JIUHCTBEHHBIH
U3BECTHBIN crocoh Ge30macHoil nepegadn Kiadel Ha cToIb bosbime paccrosuus. Om-
HAKO ero 3P HEKTUBHOCT JI0 CUX TOP CUCTEMATUYECKHU HE UCCIIETIOBAHA, HE TTPOU3BEIEHbI
OIEHKW BJIMSIHUSI HEB3AUMHOCTH W HECTAOMIBHOCTH METEOPHOTO PACIPOCTPAHEHUS pa-
JIMOBOJTH.

[Henbio Hacrosieil craTbyu ABIAETCA TOCTPOCHHE UMHUTAIIMOHHON MOJETN CHCTEMbI
METEOPHON Kpunrorpaduu /st OIEHKH ee MPOU3BOJUTETbHOCTH.

1. MeToauka reHepaiuu KJIOYEBOU MOCJIe10BATEIbHOCTHI

[Iporecc (hopMupoBaHMst KITFOYEBOH MOCIEI0BATEIHHOCTH HA OCHOBE CTOXACTUIECKUX
cBoiicTB MeTeopHoro paanokanaa (MPK) MoxkeT ObITh TPOUIIIOCTPUPOBAH € TOMOIIHIO
O710K-cxeMbl Ha puc. 1. BBuay Hempencka3dyeMocTrn BOBHUKHOBEHHUS METEOPHBIX CIEI0B
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Puc. 1. Biok-cxema (hopMupoBaHmst KIIOUEBOH MIOC/IEI0BATEIHHOCTH

BO BPEMEHHU W TPOCTPAHCTBE TPACKTOPHUS METEOPHOTO PACIPOCTPAHEHUs CUTHAJA $B-
qsiercs caydaitnoit. @a3a U Bpems pacnpoCTpaHEeHUsl CUTHAJA TPHU ITOM TaKKe OyIayT
caydaiiHbIMu BemauHaMu. Kpome Toro, psifi KCIepUMeHTATbHBIX UCCIeJOBAHUN CBU-
JIETEJILCTBYET O JIOCTATOYHOM JIJIsT TEXHUYECKUX MPUIOKEHNIH B3aUMHOCTH METEOPHOTrO
paznokanana [6-8]. Teopernvecku 3TO 0O3HAUYAET, YTO, OOMEHUBASICh BCTPEYHBIMH CHT-
HaJaMU W HAKAITABAsS HA ODEHX CTOPOHAX PAJUOJUHUN HAOOPHI M3MepeHnit ux (has3bl
WU BPEMEHU PACIPOCTPAHEHHUsI, CTOPOHBI MOTYT ¢(OPMUPOBATH UICHTUIHBIE HADOPBI
caydaiinbx gnces. B [9] nmpesioxeHo nCmoab30BaTh Takne HAGOPHI 7St CO3JaHNUS JIBYX
9K3EMILIAPOB €IUHOTO KJII0Ya CUMMETpPUYIHOro mudpoBanus. Peaan3anus 3TOro Cro-
coba Tpebyer CBepXTOUHOI CHHXPOHU3AIINN TYHKTOB CBsA31. B [§] akcnepnMenTaabHO 10~
Ka3aHO, YTO METEOPHBIE CHCTEMbl CHHXPOHUBAIUU CIIOCOOHBI 00ECIEYNTh MOrPEITHOCTD
CUHXPOHUBAINN )T, MeHee 1 HC, 9YTO BIOJHE JOCTATOYHO /I PeaH3alud METeOPHON
KpuUnTOorpaduu.

B o6mem ciiyuae MPK we siBisiercss B3aMMHBIM, YTO BBI3BIBAET PA3IUYUS PETUCTPU-
pyembix B myHKTax A m B wu3Mmepenuii ¢a3bl 1 BpeMEHH PACTPOCTPAHEHUST CUTHAJIOB.
[TockoabKy 3TO HApyMIaeT ONWH W3 OCHOBOMOJIATAMIINX TPUHITUIIOB METEOPHON KpWII-
Torpaduu, TO MPEACTABIIETCSI BAXKHBIM OIEHNTE Bangane Hep3anmuoctu MPK ma Bo3-
MOXKHOCTD ee peanuzaiiuu. VccnemoBanue Bcex 3aTPOHYTHIX BBIIIE BOMPOCOB BO3MOXKHO
€ TIOMOTIBI0 UMHATAIMOHHOTO MoaeanpoBannsa MPK.

2. I/IMI/ITaHI/IOHHaﬂ MOJeJIb METEOPHOI0o paJuoKaHaJla

MogennpoBamne MEeTeOpHOro paJroKaHasa MPOU3Be/IeHO COrTaCHO METOINKE, W3J10-
»kenHoli B paborax [10, 11]. Crpykrypa JaHHONH MMUTAIMOHHON MOJE/H HPEJCTABIEHA
ua puc. 2. Baxknoit ee 0COOEHHOCTBHIO sABJISETCs UCIOJIH30BAHUE CTPOTOTrO PEIleHus 3a-
nagn audpakind HAKJIOHHO TAIAI0NINX PAJMOBOTH HA METEOPHOM CJIEJIE, IOy YeHHOM
B [12]. BJIOK 371€KTPOANHAMIYECKUX PACUYETOB MO3BOJISIET MOAEINPOBATH AMIIIIUTYIHO-
¢azoBbIe XapaKTEepUCTUKHN PACCESTHHBIX HA METEOPHOM CJIe/le CHTHAJIOB C y9YeTOM BO3-
neiicteusg g dexra Papamea B cimoax D n E monocdepbl, a TakxkKe MPH HUCIOTH30-
BaHUM AHTEHH SJUIMITHYECKON nossgpusanuu [13]. Pacyerb xapakTepucTuK CUTHAIOB
[IPOM3BO/IATCH KAaK JIJIs IPSAMOT0, TaK U JJjIs 0OPATHOrO HampasiaeHuit nepesadu. Beumy
IPOMO3IKOCTH PACIETHBIX COOTHOIIEHUH MPUBOIUTH UX 3/I€CH HEIEJIeCO00Pa3HO.

B monorpadmun Ilneyxosa [14] mpencrapiena cucreMaTn3aiysi OCHOBHBIX TIPHYMH
dazosoit neszaumuocru (OH) u mecradbunbuoctu MPK, cpeau KoTopbix 0c000 BbIIe-
nensl: 3 et Papases B nonocdepe, MHONOIIEHTPOBOE PACCETHIE PATUOBOIH HA METe-
OPHOM CJIe/ie ¥ CMEIIeHNe OTPAXKAIOIIEH TOYKH METEOPHOIO CJie/ia HOHOCEPHBIMA BET-
pamu. Meromuka momesupoBanus 3¢ dexra @apaaes mpu METEOPHOM PACTPOCTPAHEHUT
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Puc. 3. a) ®H nna pagunonmuunii pa3nuaroil AnuHbL 6) 1015 HEB3AUMHBIX CJIE/I0B

n3soxkena B pabore [15]. IMuTannonHoe MOZeINPOBaHNe MHOTOIIEHTPOBOTO PACCESTHUS
OT METEOPHBIX CJIEJIOB onmcano B [16], a yuer BeTpoBOil HECTAOHIHLHOCTH OB OCYITIECTB-
sieH B [17]. Pe3yabrarhl yKazaHHBIX paGoT MO3BOJSIOT CO37aTh MMHUTAIMOHHYIO MOJIENb
JIJIS MCCJIEOBAHNS KOMILIEKCHBIX 3aKOHOMEPHOCTEH BO3HUKHOBEHUS (pA30BOI HEB3aKM-
noctrn MPK u ee kosmmmuecTBeHHOI O1eHKN.

3. PesyapTaThl UMUTAIIMOHHOTO MOJEJIMPOBaHUS
dasoBoit HeB3anmHocTu MPK

s uccnenosanus @H ObL1 mpow3BeIeH MUK MOJEJIUPOBAHUS JTBYCTOPOHHEH Te-
pejayun HeMOYJIMPOBAHHBIX CUTHAJIOB Ha Hecytneir yacrore f = 50 MI'm ma mereop-
HBIX PAJUOJUHUSX PA3IUYHON MuHbl L, OPUEHTUPOBAHHBIX BJOJIb JIEXKAIeH Ha IIiu-
pore 1. Kasanu napamrenn 55°47" c.u. ITopor perucrpammu Upep ObLT yCTAHOBIICH
Ha ypoBHe —185 1B OTHOCHTENHLHO MepegaBaeMoi MOITHOCTH, UCMOJb30BAHBI AHTEHHDBI
TOPU30HTAJILHON mosigpu3amnuu. g anannsa pe3yabTaToOB MOIEIUPOBAHWS, TIOMUMO
KJIACCUYECKUX TUIOB METEOPHBIX PaJnooTpazkenuii or nepeyniporaennnx (ITY) u memo-
yunoraenubix (HY) cienos, B ormesbuble Kiaacchl BblueseHbl (DEJAUHIYIOMIUE CIeIbl C
MHOTOIEHTPOBBIM pPacCesiHueM, PE30HAHCHBIE CieJbl ¢ dpdeKTaMu MmIa3MeHHOro pe3o-
HAHCA U HEB3AWMHBIE CJI€NIBI, CpeaHss (a30Bas HEB3AUMHOCTD 33 BPEMS PETHUCTPAIUU
KOTOPBIX MPEBOCXOANUT YCJIOBHYI0 rpanuiy 90°. MereopHbie Cieabl, HE OTHOCHMBIE K
dbenuHTYIONIM, PE30HAHCHBIM UJIM HEB3AUMHBIM, Oy/I€M HA3BIBATH « THUITHIHBIMES.

PesynbraTor mabmiogenus cpeaneil 3a TPOIOKHUTEIHBHOCTH PETUCTPAIMH METe-
opHOTO pajauosxa (hazoBoil HeBzanmuoctu A¢ npejcraBiaeHbl Ha puc. 3, a. [LlyHKTupHOM
KPUBOil m300parkeHa 3aBUCUMOCTD JjId MUHUMAJIbHONW B T€UEHUE PAIN0IXa HEB3AUMHO-
cru. Oranune ee ot cpeaneit ®H cocrapaser 3°—8°. Cniomnmoit KpuBoii 0ToOparkena,
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0Ch CJIeaa

Puc. 4. T'eomeTpus paccesHns Ha METEOPHOM CJIeIe

z3aBucuMocTh cpeaneit ®H ams BeIOOpKHM, He coaepzKalieil ciaeabl HeB3aWMHOTO THIIA.
Ee comocrasnenne ¢ rpadukoM 1071 HEB3AUMHBIX CJIEIOB HA PHUC. 3, 6 OTYETIIUBO MPO-
SBJISIET, 9YTO MMEHHO HEB3AUMHBIE CJIIbI OTBETCTBEHHBI 34 BOSHUKHOBEHUE JIBYX MMHUKOB,
nabsonaonuxces s e 500 1 1100 KM COOTBETCTBEHHO.

Bormpekn oxxumanusaM cjebl pe30HAHCHOTO U (DEIUHTYOMIEr0 TUTIOB TTPOSIBUINA HAN-
venbmnyo @H. Jong HeB3auMHBIX CIIEIOB Y ABYX 3THX KJIACCOB cocTapager menee 1%,
410 0ObscHseTCH cnabocTbio a3 dexra Papases (B cpennem Becero 10°—15°) na BbicoTax
ux obpasosanus (88-90 km). Takue ciiepl TaKzKe UMEIOT BHICOKYIO KOHIIEHTPAIMIO CBO-
OOIHBIX 3JIEKTPOHOB. B 0COOEHHOCTH 3TO OTHOCUTCS K JOJITOXKUBYIIUM (heJIMHTYIOITUM
caemam, 6omee 80% KoTOpbIX ObLIM KiaaccubumupoBanbl kKak IIY. Ilamenune ¢pazoBoii
HEB3AMMHOCTH C BO3PACTAHWEM 3JIEKTPOHHOW IJIOTHOCTU CJI€/Ia CJIEIyeT HEeOCPEe/ICT-
BEHHO u3 perienus crporoii 3anauu mudpakuuu [12]. Mogesuposanue nokasaso, 4To
IIyTeM HOBBIIIEHNA IIOpora perucrpanuu ci1efoB Upe, MOXKHO yBeauduTs oo 11V, ox-
HAKO 3TO HE MPUBOANT K 3HauuTeabHOMy najgennto ®H. Hanpumep, nosbimenne mopora
peructpanuu Ha Tpacce Mocksa—Kazaus (mmuna L = 720 kM) B 4 pasa yBeJndusio
momio ITY ¢ 16% no 26%, npu srom ®H ynana B cpemnem Becero Ha 3°. 9To 3acTapaser
HUCKATh WHBIE TPUIUHBI €€ BOSHUKHOBEHUS.

C momoIbIo MOJETUpPOBaHus ObLIO TAaK¥Ke yCTaHOBJIEeHO, 9T0 Haubosbmasgs OH Ha-
O/01aeTCa Ha KOpOoTKuX paauosmausx (meree 500 km). Bosee 15% perucrpupyembix na
HUX CJIeJ0B ABJISIOTCS HeB3anMubiMu. C yBenwdenneM JIMHBI L 10 BEJIMYUHBI TIOPSIKA
830 kM mpoucxomut nagenne ®H. Bozunknosenmne Broporo makcumyma ®H cpasbiBa-
€TCsd CO CMEIeHWEeM METEOPHBIX CJIEJIOB B 00J1ACTh OOJIBIMUX BBICOT U PE3KUM POCTOM
s dexta Papases, KOTOPbIA HA Tpaccax AIUHON 875 KM y HEB3aUMHBIX CJIEIOB J0-
cruraer 200° m Gomee. Iloxasarenpro m TO, uro mopsaaka 90% HeB3aMMHBIX CIIEIOB
cocrasisor HY. Onnako mambHEUINil aHa M3 moKa3asl, YTO TIIABHBIM (DaKTOPOM BO3-
HUKHOBEHUSI HEB3AaWMHBIX CJIEJO0B SBJISIOTCS PAKYPCHBIE COOTHOIIEHWS MEXKIY YTJIOM
najeHus PaJUOBOIHBI HA CJiell Oyc M a3uMyTaJlbHBIM YIJIOM €e paccesHus (e (CM.
puc. 4).

BrisiBnieno, 4o omnpeesnsioniee 3HAYEHUE UMEET A3UMYTATbHBIN yroJ PACCESHUS
Puc , KOTOPBIH sBsiercss byHKIue# aauubl pagunognaun L. Ha puc. 5 mpeacrasiena
3aBUCUMOCTh CPEIHEr0 3HAYEHUS yTJIa PACCESTHUS (e OT IJIUHBI PAJAUOIUHUU L s
TUNUYHBIX (CIJIOIIHAS TUHUSA) U HEB3aUMHbBIX (yHKTUPHAs Juaus) ciaenos. CpasHenue
CILJIONTHBIX KPUBBIX HA PUC. 5 U 3, @ MOKA3BIBAET, YTO UMEHHO YBEJIUYCHUE (e ITPUBO-
aut K nagernto seananabl @H. D10 gaBiasercs mpsMbIM CIeJICTBHEM CTPOrOrO PeIeHus
3amaun AU paKIun HA METEOPHOM CJIEJe, AaHAJIN3 KOTOPOTO TIOKA3BIBAET, YTO MUHUMYM
®H crenyer okugarh B 1uanasone ¢y, € [120°,160°], a B qunanasone ¢y € [20°,110°],
Haobopot, gocrarouno Boicokyo @H. Tlocienmnee moaTBep:K/Ia€TCA UATPAMMAMEI COB-
MECTHOTO pacipe/ieJieHus yria najerus Oy (10 BEPTUKAIN) U yIJIa PACCEAHUSA (Dye (1O
POPU30HTAJIN ), IIPEJICTABIEHHBIMU Ha puc. 6, a—6. [luarpammbl Ha puc. 6, a (HeB3auMHbIe
caezpl) u puc. 6, 6 (TUNUYHBIE CJI€/bl) HOCTPOEHDI /it PAJAUOIMHUM JIUMHON 475 KM.
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Puc. 5. A3uMmyTasbHBINA yTOJ pACCeSTHUS JJIsT PAIANOJINHUI PA3IMIHON ITHHBI

W3 puc. 6, 6 BUAHO, 9TO TUNWIHBIE CJIEIBI TPYTITIUPYIOTCS MO0 B 00JIACTH MAJIBIX YTJIOB
Oye 1 Py, T HAOMIOMaEeTCs Bhicokas @H, mubo B myroobpasmoii objactu ajis 0CTa-
TOYHO OOMBIMUX 3HadeHuit yrios, rae ®H, manporus, mana. Camxkenue cpenneit ®H
[pU YBEJIUYEHUH JJIMHBL PAJAUOIUHUN L CBSA3aHO C IaJeHUEM HACEJEHHOCTH O0DJIACTH C
MaJbIMU 3HAYEHUsI YIJI0B Oye U (Pye U COOTBETCTBEHHBIM POCTOM HACEIEHHOCTH JIyrO-
obpasmoit obiactu. Tak, Ha guarpamme puc. 6, 6, TOCTPOCHHON JIJIsT TUMTUYIHBIX CIEI0B
npu L = 1200 kM, MBI yKe HAOIIOJAEM IPYNNUPOBAHNE UCKJIIOYATEIHHO B Iyroodpas-
noit obnacru. Cpasuenue puc. 6, a 1 6 TOKA3bIBAET, YTO HEB3AUMHBIE CJI€/Ibl BOSHUKAIOT
B ciydasx, Korjga Oye ~ ¢ye. HanpoTus, THIMYHBIE Cebl «IIPEINOYUTAIOT» CIydau,
KOLJIa YIJIbI AJEHUs U PACCESHHUsSI CUILHO OTJIUYAIOTCA 10 BEJUYUHE APYL OT Apyra.
MogenupoBanue Takke MpoaeMoHcTpupoBaso najgenne ®H ¢ moswimennem vecyiei
qactorel f. Takoe nmoBemenne @®H ob6bscHseTCS TeM, YTO CyMMAPHbBIH MOBOPOT IJIOC-
KOCTH TIOJISIPU3AIlnN paInOBOJIHBI, TTpUoOpeTaeMblii efo BeiencTsre 3ddpexkra Papames
KaK B MarHUTOAKTUBHOM ILj1a3Me MOHOC(EPLI, TAK U B MAarHUTOAKTUBHOMN ILIa3Me COD-
CTBEHHO METeOpHOTo ciefa, yMeHbmaeTca mo 3axkomy (1/f)2 [15]. Takum obpaszowm, c
[OBBIIIEHHEM YacTOThI [ Cpe/ia paclpOCTPAHEHUs PAJUOBOJIH HIPUDIUKAETCH 110 CBOUM
CBOMCTBAM K M30TPOTHBIM CPeJaM, UTO W MPUBOINT K OCJAA0IeHNI0 3P (HEKTOB HEB3aNM-
voctu. Hanpumep, nosbimierne vactoThl Ha paanoanann Mocksa— Kazans ra 10 MI'n
npusoaut K najgenuio ®H npumvepno #a 3-4°. OHAKO MOBBIIIEHHE YACTOTHI CYIIECTBEH-
HO OC1a0/IsIeT SHEPreTUKY PaJIuOIMHII U KOJUYECTBO HADJII01aeMbIX METEOPOB, TaK KaK
MOTITHOCTh METEOPHOTO pajinodxa mponopuuonanbaa (1/f)%. JIpyrum mpenaTcTBreM K
MOBBIMNIEHUIO YACTOTHI CJIYKUT HEOOXOTUMOCTH MTPOMOPIIHOHAIBLHOTO MOBBIIIIEHUS W TOY-
HOCTHU CUHXPOHW3AIUHU MTYHKTOB CBSA3HU, 9TO MOXKET SBJISITHCS TPYIHOOCYIIIECTBUMBIM.

4. O[[eHKa Cpe,L[Heﬁ CKOpPOCTHU reHepanmnm KJIIOYEeBOM IIocJjie Jo0BaTeJIbHOCTHU

B pamkax mereopmoit kpunTorpadun caydainbie OUThI, GOPMUAPYEMBIE KAK PE3y/Tb-
TAT W3MEpeHus napamerpa curaana X , mpejaraercs UCIoJIb30BaTh B KAYECTBE KITI0Ya
mudposanns urdopvanun. B kagectBe X paccMOTpUM JIBe XapaKTEPUCTHKW PETH-
cTpUpyemMoro curnama: ero daly ¢ ¥ BpeMs PACIPOCTPAHEHHS OT MepeaTdnka K
npueMHUKY 7. Bemmumma R [6utT/c| cpenmeil CKOPOCTH TeHEPAIUE KJIOUEBOH MOCITE-
JIOBATEJILHOCTH HA OCHOBE 3HAYEHU CJIydaliHON BesndnHbl X MOXKET ObITH OIEHEHA 10
dopwmye

R=H(X)-F, (1)
rae H(X) —surponus Besudunbl X , F' — MHTEHCUBHOCTD CHATHS ee u3Mepenuii. B ciy-
Yae MeTeOPHOro KaHasa Beauanna F orpanndena cBepxy HaOII01aeMON YHCIEHHOCTHIO
MeTeopoB N, , UCIBITHIBAIOIIEH CIIOXKHBIE CYTOYHO-CE30HHBIe Bapuarmn. Tunuyannie ee
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Puc. 6. JlmarpaMmbl COBMECTHOIO pacIpejiesieHus yrja HAJeHus U yIla PACCesHHs Dauo-
BOJIHBI: @) [JIA TUTMYHBIX CJeg0B npu L = 475 kwm; 6) A/1s HEB3aWMHBIX Caem0B Tipmw L =
= 475 &wm; 6) ana TmnwHaHbIX crenos npu L = 1200 km

3Havenus jexkar B nupezaenax or 50 mo 350 mereopos B yac. Ouenky ejauuun H(¢p) u
H(T) MOXKHO NPOU3BECTU IPU IOMOIIM uMUTaonnoro mogenuposanud MPK u ana-
JIN3a MOJEIHHBIX THCTOTPAMM.

Ha puc. 7, a, 6 npuBesen XxapakTepHBIH BUJ MOJEIBHBIX THCTOIPAMM PACIPEIeIe-
HUsI BPEMEHH pachpocrpanenus 7 (puc. 7, a) u daswr ¢ (puc. 7, 0), MOJYUEHHBIX DU
mozenupoBanuu paguosnaun Mocksa—Kazaub (L = 720 km). Orcuerst dasbl 6buin
BBIOpAHBI HA JIBYX CTOPOHAX B MOMEHTHI ¢ HauMmenbineit ®H. durponus HaOII01aeMbIX
BEJINYWH 3aBUCUAT OT PA3PEIIAIOIIEH CIIOCOOHOCTH AlnapaTypbl 4T MO BpeMeHU, KOTOpas
OTPAHUYUBAETCS TOIPEITHOCTHIO 07, CBEIEHWS MIKAJ BPEMEHU MyHKTOB cBsi3u A u B
n dhazopoit HepzanmuOCTHI0O MPK 74, . CyMMapHyIo TOTPENTHOCTE OMEeHMM BEeTNTHHON
0T = \/(07c)? + (0T¢pu)? . OTTANKUBASACH OT PE3YILTATOB ONLITHBIX UCHBITAHUIT (HA30BOM
anmaparypbl cuHXpoHu3annu [8], mpumem, uro 67, = 1 Hc.

ITo pesysnbraram momenupoBanus 5000 MeTEOPHBIX PErUCTPAIHET 10 HEB3AUMHBIX
chemoB cocTaBuia okoso 8%, a yepenmennad 1o octasmmmed 92% Hep3amMHOCTE A¢ —
mopsaaka 20°. B atom ciydae ommubKa HeB3auMHOCTH A7 9acTtoThl 50 MI'm cocrasaser
1.1 HC ¥ cOmOCTABUMA C MOTPEITHOCTHI0 CHHXPOHU3AINNA (T, 9TO JOKA3BIBAET HEOOXO-
nuMocTh yuera nepzanmMuoctu MPK. Cymmaprasi morpentHocTs 7 Mpu 3TOM COCTABUT
1.5 HC, 9TO IKBUBAIEHTHO MOrPEITHOCTH d¢ = 27° no dasze Hecyimeii.

Mopenuposanne nokaspisaer, 14to pasbpoc 7 ana paguomuann Mocksa —Kasanb co-
crasiiger ot 2500 10 6200 mkc. C yuerom norperinoctu 07 ouenka surponuu H (1) naer
sennauny 18 6ut. Onenka suTponus $hasel ¢ MOTyvYeHa B NPEINOTOKEHNH PaBHOMEp-
HOCTH ee pacrnpesnenenus (cM. puc. 7, 6) u naer 3nauenne H(p) = 2.7 6ur.

Ipumem, uto HAGIIOIAEMAast YUCIEHHOCTh MeTeopos coctapiser Ny, = 100 en. /4, n
ydarem, 9To nopsaka 8% m3 HUX Mo ieskaT OTOPAKOBKE M0 HEB3auMHOCTH. Toraa nveem
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TucTorpamMma pacnpeneneHun BEpoATHOCTEN

FucTorpamMmma pacnpeneneHun BEpoATHOCTER
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a) 6)

Puc. 7. @) MOmeIbHOE PACTIPEIE/IEHNE BPEMEHN METEOPHOTO PACTIPOCTPAHEHUS T ; 6) MOJEIHHOE
pacopesenenne (Ha3bl PETUCTPUPYEMBIX CUTHATIOB ¢

CIIEIYIOIINE OIEHKHU JJIs CKOPOCTH TeHEPAIUH KJIIOUeBOH IOC/IeIOBATENBHOCTH:
R; = H(r) - F = 18 [6ur/u3m.]| - 92 [m3m. /4] = 1652 [6ur/4] ~ 0.46 [6ur/c],
R, = H(p) - F = 2.7 [6ur/u3m.] - 92 [u3m. /1] = 252 [6ur/4| ~ 0.07 [6uT/c|.

Takum 00pa3om, Mpu OJUHAKOBBIX TOYHOCTHBIX XAaPAKTEPUCTUKAX M3MEPUTEHHOM
anmapaTrypbl reHepalus KI049eBOil MOCae0BaATeIbHOCTH 0 PerucTpanusaM (hasbl mpo-
HUCXO/IUT 3HAYUTEIbHO MeJ[JIeHHee 110 CPaBHEHMIO ¢ reHepalueil Kjaioda 110 U3MepeHudaM
Bpemenn 7. OQIHAKO 3aMETHM, YTO caM TIPOIECC W3MEPEHUsI BPEMEH! DPaCIpOCTpaHe-
HUsl T Ha MPAKTHKE TpeOyeT MpUMEHEHWsI 3HAYUTEIHHO 00Jiee CIIOXKHBIX METOIUK U
anmaparypbl, YeM B ClIydae u3dMepenuit (paspl HeCyIIeil.

5. BeiBoab!

[Tokazano, uTo (pusmveckme CBOHCTBA METEOPHOTO PAJTMOKAHATA MOLYT OBITH HC-
TOJIb30BAHBI [I/I TEHEPAIINNA W PACIpPENeTeHus KA09ei CHMMEeTPUIHOTO MHU(POBAHASI.
Onucana MeTOIMKA OIEHKN CpeaHeidl CKOpOoCTH Takoil reneparuu. C TMOMOIIBI0 WMHUTA-
[IMOHHOTO MOJIEJIMPOBAHUS MPOW3BEIEHBI YNCIEHHBIE ONEHKN (DA30BOM HEB3AUMHOCTHU
METEOPHOr0 PAJMOKaHANa I PAIUOINHUN pasnundHoi Aaunbl. [lokazano, 9To HeB3a-
MMHOCTH aJAaeT C MOBBIMIEHNEM HECYIeil 9acTOThI U MOPOTa PErucTPAId CUTHATIOB, a
ITOJIE METEOPHBIX CJIEIOB ¢ BEICOKOM HEB3anMHOCTBIO B cpeaHeM He npesocxomut 15-20%.
VCTaHOBIEHO, 9TO OCHOBHO# MPUYNHOM BO3HUKHOBEHUS (ha30BOI HEB3AUMHOCTH CJIYKAT
COOTHOIIIEHUST MEKTy YTJIAMU TAIEHUs U PACCESTHNS PAIUOBOJIHBI OT METEOPHOTO CJIe/Ia.
DTO 00CTOATENHCTBO OOBSACHSET CHUYKEHUE CPEeHel BeJNYTHHBI HEB3AWMHOCTH C yBe-
JIMYeHreM JUTHHBL pagunoauanu. OUeHKH MOKA3aId, 9T0 CPeIHsSsl CKOPOCTh TeHEepAIH
KJII0YEBO 1ocsenoBaresibHocTu cocrapiger npumepso 0.1 u 0.5 6ur/c npu nabiogenuu
3a (azoit HECyIIeH U BpeMeHeM PACIpPOCTPAHEHN CUTHAIOB cOOTBeTcTBeHHO. [lomyaen-
HBIE OIEHKU MOTYT PACCMATPUBATHCA B KAYECTBE MPEIEIbHO JOCTUKUMBIX 3HAYEHUI
CKOPOCTH TIepeIavr CEKPETHOIO KJI0Ya CUMMETPUIHOTO TH(DPOBAHNS TOCPEICTBOM Me-
TEOPHOTO PAJIMOKAHAJA C JAJBHOCTHIO JeiicTBusd 10 2000 kM.

Summary
A.L Sulimov, A.V. Karpov, O.N. Sherstyukov, V.V. Sidorov, R.G. Khuzyashev. Simulation
of Synchronous Generation of Cryptographic Keys in a Meteor Radio Channel.

An evaluation of the generation rate of a symmetric encryption key is performed for the case
when a meteor radio channel is used for the symmetric encryption key distribution purposes.
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A general method for the generation of a key sequence and a method for the evaluation of its
rate are presented. The basic instrumental and physical factors that limit the key generation
rate value are discussed. The main regularities and causes of phase non-reciprocity in a meteor
radio channel are studied based on a rigorous solution of the radio wave diffraction problems
and computer simulation of meteor radio links of different lengths.

Key words: symmetric encryption key, distribution of cryptographic keys, meteor radio

channel, diffraction of radio waves, non-reciprocity, non-stability, simulation model, entropy,
data rate.
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