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Meroro 1i€l poOOTH € BUPOOJICHHS pEeKOMEH/ AL 100 BHOOPY HPOEKTHUX MApaMeTpPiB MACUBHOI €IEKT-
poxuHaMiuHOi KocMmiuHOi TpocoBoi cuctemu (EJIKTC). Ha ocHOBI Moneneil opOiTaabHOTO i BiTHOCHOTO PyXy
EJKTC 3 ypaxyBaHHAM B3a€MOii 3 HAaBKOJHIIHIM CEpPEIOBHUIIEM IMPOBEACHO aHaNi3 3aKOHOMIpHOCTEH pyxy
EJKTC. IToka3aHo, 110 KOJIMBaHHS CHCTEMH O1JIsl [OJIOKEHHsI PIBHOBArM IPHUBO/ISTH 0 3MEHIICHHS CHJIM HATATY,
a TIIpH aMIUTITY/i KOJMBaHb, OMHM3bKiil 10 60 rpamyciB, HATAr Tpoca 30BHIIIHIME CHIaMH nporanae (BinOyBaeTbest
IPOBUCAHHS Tpoca). 3MiHa KOHIIEHTpalii 3aps/UKeHNIX YaCTHHOK, a TAaKOX 1HIYKIii MarHiTHOTO MO 3eMili 1 psan
IHIIHMX BETMYUH, 0 3MIHIOIOTHCS MPU OpOITAIBHOMY pYCi, IPUBOAATE 0 3MiHH aMIEPOBUX CHJI 3 KYTOBOIO ILIBH-
nxictio nentpa Mac EJIKTC. Ile cipuunHsie 3MiHH €KCIEHTPHCHUTETY OpOITH i IPHUBOJUTH 10 HOTo 30iNbIICHHS.
TonepenHi OLIHKK MOKA3yIOTh, IO I POIISIHYTUX OPOIT L 3MiHH HE3HAYHI, i, B pa3i 0YaTKOBOI Maibke Kpy-
roBoi op06iTH, KiHIEB] OPOITH 3aIHMIIAIOTHCS Maike KPYTOBHMH (TOOTO 3 MalIUM €KCIEHTPUCHTETOM).

[MpoBeeHo aHai3 3a1eKHOCTI yacy BiaBeneHHs kocmiunux anapatis (KA) 3 EKTC 6e3 101aTKOBUX KO-
HTakTOpiB Bix Macu KA, mapameTpiB Tpoca i mapaMerpiB 1o4aTkoBoi opOiTH. Po3paxyHkn mokasyloTs eeKTuB-
Hictb Bukopuctands EJIKTC 6e3 mogaTkoBUX KOHTAKTOPIB VIS BiBEACHHS HAHO- I MiKPOCYITYTHHKIB 3 HU3bKHX
HaBKOJIO3eMHHX OpOiT. [TokazaHo, 1m0 30imbIIeHHS NOBXUHM 1 paaiycy Tpoca EJIKTC icToTHO ckopouye yac
BinBenenus KA. Yac Bigsenennst KA 3 EIKTC icToTHO 3aiexuth Bin Haxuny op6Oitu. Yac BimBedeHHS 3 IPHIIO-
JSIPHUX OpOIT 30UIBIIYETHCS B IIOPIBHAHHI 31 CepeTHBOIMPOTHIME OpOiTamMu B 3—6 pa3iB i B OPIBHAHHI 3 eKBa-
TOpiaIbHUMH — OLTBII HiX Ha MOPsAOK. Lle BinOyBaeThCsi BHACTIZOK MaIUX 3HAYEHD CKIAJOBHX 1HIYKIIi MarHiT-
HOTO TI0JIS1, HEePICHANKYIISIPHUX IUIOIINHI OpOITH, UL NPHUIIOIAPHHUX opOiT. OTpuMaHi Mozem i 3aKOHOMipHOCTI
MOXYTb OyTH BUKOPHCTaHI Ha II04aTKOBOMY €Talli MPOEKTYBaHHS MAJIMX IACHBHHUX EJICKTPOAMHAMIYHUX KOCMid-
HHX TPOCOBHX CHCTEM.

Knwouosi cnosa: enekmpoounamiuna KocMiuHa mpocosa cucmema, CUcmema 6i08e0eHHs KOCMIYHUX and-
pamie, NOYAMKOBUIL eman NPoEKNYEAHHA, NPOEKMHI napamempu.

Ilenbio naHHOM PadoTHI ABISIETCS BBIPAOOTKA PEKOMEHAANHMIT IO BBIOOPY NPOEKTHBIX NTapaMeTPOB MACCHB-
HOHM BJIEKTpOAMHAMHYECKOH KocMmuueckod TpocoBoi cuctembl (DJAKTC). Ha ocHoBe Mopeneit opOHTabHOTO
nerkeHns U aBrkeHust DJJKTC OTHOCHTENBHO IIEHTPa MacC C Y4E€TOM B3aMMOICHCTBUSI C OKpY)KAIOIEH cpeoit
npoBezieH aHainu3 3akoHomepHocted JBwkeHuss DJAKTC. [TokazaHo, 4To KOJIEOaHUS CUCTEMBI OKOJIO TOJIOKEHHS
paBHOBECHS PUBOJIT K yMEHBIICHHIO CHJIBI HATSOHKEHHUS, a TIPH aMIUIMTye koiebaHuid, 6nm3koii k 60 rpagycam,
HATsHKCHWE TPOca BHEIIHMMH CHIIAMH IpoMajaeT (IPOUCXOAUT MPOBHCaHKE Tpoca). M3MeHeHHe KOHIEHTpaluu
3apsDKEHHBIX YaCTHII, a TAKKe MHIYKITMA MarHUTHOTO MOJISL 3eMIIH M PsII APYTHX BEJIMYHH, H3MEHSIOMIXCS IPU
OpOUTATBHOM IBHXEHHH, IPUBOAAT K M3MEHEHHIO aMIIEPOBBIX CHII C YIJIOBOM CKOpOCThIO IieHTpa macc DJIKTC.
OTO CIyXUT NPUYHHON M3MEHEHHMS SKCIIEHTPUCUTETa OPOHTHI U NPHBOANT K €ro yBelnndeHuro. [IpenBapuTensHbie
OLICHKH ITOKa3bIBAIOT, YTO ISl PACCMATPHBACMbIX OPOMT 3TH M3MEHEHMsI HE3HAYHTENbHBI, U, B CIy4ae HadyaJlbHOH
TIOYTU KPYTOBOH OPOUTHI, KOHEUHBIE OPOUTHI OCTAIOTCS TIOYTH KPYTOBBIMH (TO €CTh C MAJIBIM SKCIICHTPUCHTETOM).

[poBesieH aHaM3 3aBUCMMOCTH BpeMeHHM yBoja kocmuueckux ammaparoB (KA) ¢ DJIKTC 6e3 mononHu-
TEeIBHBIX KOHTAKTOPOB OT Macchl KA, mapameTpoB Tpoca U apaMeTpoB HadalbHOH OopOUTEL. PacueTsl mokaspiBa-
10T 2 dexruBHOCTH Hcmonb3oBanus IJKTC 6e3 HOMOTHUTENBHBIX KOHTAKTOPOB /TS YBOJIA HAHO- M MHKPOCITYT-
HHUKOB C HU3KHX OKOJIO3eMHBIX op6uT. [oka3aHo, 9To yBenmdeHne JUIMHBL U paguyca tpoca DJIKTC cymecTBen-
HO cokpamaer Bpems yBoga KA. Bpems yBoma KA ¢ DJIKTC cymiecTBeHHO 3aBHCUT OT HAKJIIOHEHUS OPOMTHI.
Bpewms yBona ¢ IpHIOJISIPHEIX OPOUT YBEITMYMBACTCS IT0 CPABHEHUIO CO CPEIHEIIMPOTHBIMI opOuTamu B 3—6 pas
U TI0 CPaBHEHHMIO C 9KBATOPUATBHBIMU — OOJiee YeM Ha MOPSOoK. DTO MPOMCXOJUT BCICACTBHE MabIX 3HAYCHHUI
COCTaBIISIIOIINX HHIYKIIUK MarHUTHOTO OIS, IEPIICHANKYIISPHBIX INIOCKOCTH OPOUTHI, JUTS IPUITOISIPHBIX OpOUT.
Tonmy4yeHHble MOEIM M 3aKOHOMEPHOCTH MOTYT OBITh HCIIOJIB30BAaHBl HA HA4YalbHOM 3Tale MPOCKTHPOBAHUS
MaJIbIX TACCHBHBIX JIEKTPOANHAMHIECKHX KOCMIYECKHX TPOCOBBIX CHCTEM.

Knrouesvie cnosa: 3ﬂeKmp0()MH(LMM’-I€CKa}l Kocmudeckas mpocoeas cucmema, cucmema yeoba Kocmude-
CKUx annapamoe, HauanibHbll 2Man npoekmupoeanus, npOeKnmHvle napamempbol.

The aim of this work is to develop recommendations for choosing the design parameters of a passive elec-
trodynamic space tethered system (EDSTS). Based on models of EDSTS orbital and relative motion, EDSTS
motion is analyzed with account for EDSTS—environment interaction. It is shown that the oscillations of an
EDSTS about its equilibrium position decrease the tether tension force, and when the oscillation amplitude is
close to 60 degrees, the tether tension vanishes (the tether sags). Since the charged-particle density, the Earth’s
magnetic field, and a number of other quantities vary at the orbital frequency, so does the Ampere force. This
changes the orbit eccentricity, namely, increases it. Preliminary estimates show that for orbits under consideration
these changes are insignificant, and near-circular (small-eccentricity) orbits will remain so. The deorbit time of a

© A. B. Mumienko, A. B. [Tuposxenxko, 2020
Texu. mexanika. — 2020. — No 1.

19



spacecraft with an EDSTS without additional contactors is analyzed as a function of the spacecraft mass, the
tether parameters, and the initial orbit parameters. It is shown that EDSTSs without additional contactors can be
used to advantage for nano- and microsatellite removal from low-Earth orbits. Increasing the EDSTS tether length
and radius significantly reduces the spacecraft deorbit time. For EDSTS-equipped spacecraft, the deorbit time
essentially depends on the orbit inclination. For near-polar orbits, the deorbit time is longer by 3-6 times and by
more than an order of magnitude in comparison with mid-latitude and equatorial orbits, respectively. This is due
to the smallness of the magnetic field components perpendicular to the orbit plane in the case of polar orbits. The
models developed and the generalities established may be used at the initial design stage of small passive electro-
dynamic space tethered systems.

Keywords: electrodynamic space tethered system, spacecraft deorbit system, initial design stage, design
parameters.

BBenenne. B TeueHne nmocnenHux Tpex AECATHICTHH KOHCTPYKLMH paccMmart-
pPHBAaE€MBIX BIIEKTPOAWHAMHYECKHX KOCMHYecKHX TpocoBblX cucteMm (DJKTC)
MpeTeprieNin HECKOJIbKO BaXKHBIX U3MEHEHUH B CTOPOHY MPOCTOTHI M HaJIe)KHOCTH.
[epBonayansHo DJKTC paccmaTpuBanach Kak AJHMHHBIA W30JMPOBAHHBIA TPOC,
OCHAILIEHHBII ¢ OHON CTOPOHBI OOJBIIUM CHEPUIECKUM aHOTHBIM KOHTaKTOPOM,
C IPYToil — AIIEKTPOHHOH MYIIKOH MK aKTHBHBIM MOJIBIM KaToaoM [1, 2].

Hanee mocne skcnepumentoB TSS-1 u TSS-1R Obuto mpemioskeHO BMECTO
Oonpmux chepuyeckux KOJJICKTOPOB Ui cOopa BIIEKTPOHOB M3 MOHOC(HEPHOMH
IUIa3MbI OCTABIISAITH Tpoc 0€3 M30JSAUK (OTOJICHHBIH), UCTIONB3YS €r0 B KaueCTBe
rurantckoro 3ouaa Jleurmiopa [3, 4]. DJKTC B moxmenu [3], kak u paHee, mpe-
rnoJjarajnach OCHAlIEHHOW 3JIEKTPOHHOM MYIIKON MM aKTUBHBIM MOJIBIM KaTOJOM.

Crnenyromiee npeobpazoBanue B KoHCTpykinu IIKTC cBa3aHHO ¢ TeOMETpH-
el Tpoca. B [5] ObU10 MOKa3aHO, YTO MCIOJIB30BAaHUE TPOCA B BHJIE JICHTHI TIO3BO-
JISIeT 3HAYUTEIbHO dPPEeKTHBHEE COOMPATh TOK IO CPABHEHHIO C IMITUHIPUICCKH-
MH TpoCaMH IIpH OI[I/IHElKOBOﬁ uX MJIMHE U MacCce. HpeI/IMyHleCTBO JICHTBI TaKX¢€
COCTOUT B TOM, YTO BEPOSITHOCTH Pa3pyILICHUS TPOCA YACTHUIIAMH KOCMHYECKOTO
Mycopa CHHUKaeTcs 0ojiee 4eM Ha MOPSIIOK.

B [6 — 8] Obuta npemnoxkena apyras mojaenb DJIKTC ¢ orojeHHbIM TpocoM
0e3 Kakux-mu00 JOMOJHUTEIBHBIX KOHTAKTOPOB ¢ Iuiazmoi. B [7] tpoc DJKTC
UCTIONB3YyeTCs Kak Juisi cOopa 3JIEKTPOHOB, Tak M Juisd cOOpa MOHOB, T. K. YacTh
OJKTC npuobperaeT oTpHLIATEIbHBIN 3apsi U MPEACTaBIseT co00M KaTof, Ipy-
ras 4acTb — MOJO0KUTEIbHBIN 3apsAd U BBICTYIIACT B KAY€CTBC aHOAA. Hcnoap3oBa-
Hue Takoit maccuBHoM DJIKTC Ha mopsiiku CHUKAeT TOKH B CUCTEME B CPaBHEHUH
¢ DAKTC, paccmatpuBaemoii B [3]. COOTBETCTBEHHO, Ha MOPSAKUA CHIDKACTCS U
TopMo3smast cuina Amnepa. OmHaKo, Kak IOKa3bIBAlOT pacueThl, MacCHBHAS
OJKTC mo3BosseT yCcnenHo pemaTsh 3a1aud CITyCKa MajJbiX KOCMHYECKHUX arlia-
paroB (KA) ¢ Hu3kux okonosemHbix opout. [TaccuBnas DJIKTC obnanaer cymie-
CTBEHHBIM TPEUMYILECTBOM: OHA MOJIHOCTHIO aBTOHOMHA, T. €. He TpeOyeT HU 3a-
TpaT TOIJIMBA WUJIU SJICKTPOIUTAHUSA JIsI CBOCTO (byHKIII/IOHI/IpOBaHI/ISI, HU JOITOJIHH-
TCJIBHBIX aKTUBHBIX 3JIEMCHTOB, TaKUX KaK ITOJIBIC KaTOABI WJIN 3JICKTPOHHBIC ITYIII-
KH. 3HAUUTENBHO OoJiee MPOCTast KOHCTPYKIMS JUIsl CO3/IaHus U (PyHKIIMOHHPOBa-
Hus naccuBHON DJIKTC 1mo3BONIIIM TPEIOKUTE €€ WUCIIOJIb30BaHUE TSl TTPOBE-
JIeHUs1 OpOUTAIFHOTO 3KCIIEPUMEHTA IO TIPOBEPKE PACUETHBIX MOJIeIel coOupaHust
TOKa U3 noHOC(hepHOit ruia3mel [8].

Hpyras cxema D/IKTC c oroseHHBIM TpocoM 0e3 JOMOTHUTEIBHBIX KOHTAK-
TOpOB ¢ IU1a3Moi Oblia mpemioxkena B [9, 10]. B aToii cxeme mpearaeTcs 1mo-
KPBITh TPOC TEPMOAJIEKTPOHHBIM MaTepHalloM C HU3KOH paboToil BBIXONA DIIEK-
TPOHOB. Bcelle/icTBrE 3TOr0 OTPUIIATENBHBIA CETMEHT Tpoca OyJeT He TONBKO CO-
OupaTh MOHBI, HO ¥ UCITYyCKaTh JIEKTPOHBI IPH YMEPEHHOU TemIieparype. JT1a Mo-
Je7b puoOpeia Ha3BaHUE «TEPMOAJICKTPOHHBINA orosieHHbid Tpocy (TOT) [10].
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TeopeTnyecky mMoka3aHo, YTO MPH JOCTATOYHO HU3KOH paboTe BBIXOJAA HIIEKTPO-
HOB C [IOBEPXHOCTHOI'O CJIOSl TPOCa TEPMOIMUCCHUS IEKTPOHOB C KATOAHOM 4acTH
OJIKTC MOXeT 3HaUUTEIHHO MPEBBHICUTh HOHHBIM TOK, YTO 3HAYNTEIIHHO ITOBBIIIA-
eT 3¢ (eKTUBHOCTh CUCTEMBI. TeM He MeHee, MHOTHME BOIPOCHI, TAaKWE€ KaK CTa-
OMIIBHOCTh TEPMOZJIEKTPOHHOI'O MaTepHaja B KOCMHUYECKUX YCJIOBHAX, a TaKXKe
TEXHOJIOTHSI IPOU3BOACTBEHHOTO IIPOIiecca MOKPHITHS KMJIOMETPOBOIO Tpoca Tep-
MO3JIEKTPOHHBIM MAaTEpHUaloM OCTAarOTCS OTKPBITBIMU. BpII0 0OHapykeHO, 4To
TEPMOJIEKTPOHHBIE MAaTE€PUabl JIETKO PEarupyroT ¢ MOJEKYJIaMHu, KOTOpbIE IpHU-
CYTCTBYIOT B aTMoc(epe, 4TO MOXKET NPHUBECTH K Pa3pyIICHHUIO 3JIEKTPOIHOTO
cios TOT [10].

K Hacrosimiemy BpeMEHH NPOBEAECHO 3HAYUTEIBHOE KOJIMYECTBO HCCIIENOBA-
HUHM 3aKOHOMepHOCTel ABwkeHus U Qyakunormposanns JKTC Ha okomozem-
HBIX opOuTax (cM., Hampumep, [1 — 15]) u momydeHs! CyeCTBEHHBIE PE3yIbTaTHI,
OJIHAKO 3TH PE3YJIbTaThl TPEOYIOT 3KCIIEPUMEHTAIBHON MPOBEPKU. 3A4ECh CIEAYET
OTMETUTh  CIEAYIOUIYH0  OCOOEHHOCTh  paAMalbHOM  (IpaBUTALMOHHO-
crabunmmsupoBanHoi) DJIKTC: nonoxenne paBHOBECHSI CHCTEMbI HECTaOMUIIBHO, a
BHEIHUE BO3JCHCTBUS MPUBOIAT K PE30HAHCHOM HAaKadyKe 3HEPrHUH B KOJeOaHUS
CHCTEMBbl OTHOCUTEIBHO MECTHOM BepTukanu. [loaromy Bompoc BeIOOpa mapamer-
poB DJKTC ¢ yyeToM 3aKOHOMEPHOCTEH €€ NBHKEHUS AJIs1 KaXKI0W MUCCHUH SIBJISI-
€TCsI HETPUBHAJIBHBIM.

Llenp cTaThu — BBIPAaOOTKA PEKOMEHIALUH MO BBIOOPY HMPOEKTHBIX Hapamer-
POB TACCUBHOHM 3JEKTPOAMHAMHYECKOW KOCMHUYECKOH TPOCOBOM CHCTEMBI IS
yBOZa OTpabOTaBIINX CBOW CPOK CIIyTHHKOB C HU3KHX OKOJIO3€MHBIX opOuT. B Ka-
YeCTBE MPOEKTHBIX MapaMeTpoB paccMmarpuBaroTcs jumHa (L) u TommmuHA Tpoca
(r,) DAKTC. Ananuz 3akoHomepHocteit apmwxenns DJIKTC, nonoxeHHbIH B oc-

HOBY BBIPa0OTKHM PEKOMEHJIAINI, MPOBOAUTCS C YYETOM TOJBKO B3aUMOJICHCTBHS
CUCTEMBI ¢ HOHOC]epol U MarHuTocepor 3eMin. AdpoINHAMUYECKOE TOPMOKeE-
HHUE, KOTOPOE OKa3bIBaeT CyIIECTBEHHOE BIUSHHE Ha OpOUTAILHOE JIBUKEHUE CH-
CTEMbI, U MOKET OKa3bIBATh CYHICCTBCHHOC BJIMAHNUC HA IBUXKCHUEC CUCTEMbI OTHO-
CHUTEJIbHO LIEHTPA MACC, B JAHHOM HCCJICIOBAHUM HE PAaCCMaTPHBACTCS.

MartemaTu4yeckue MoJeaH Ui HCCJIeJOBAHMA 3aKOHOMEpPHOCTeil opou-
TanbHoro au:kenusi u Apum:keHusi IAKTC oTtHocuTeabHO HEeHTpa Macc. Mo-
denv opoumanvrozo osuxcenus IKTC. Hanbonee ynoOHBIMU IS KCCIICIOBAHUS
JIBUKCHHSI CUCTEMBI 10 OpOUTaM, OJM3KUM K KPYrOBBIM, HPEJCTABIISIOTCS HOBBIC
nepeMeHHbIe, MpeyiokeHHbIe B [16, 17]:

Ql il Aul b].l b2! Y

roe ) — apryMeHT BOCXOJIIETO y3i1a OpOWTH; | — HAaKJIOHEHHWE OpOUTEHI,
AU =U—Uy — MEAJICHHO MEHSIOIIAsACS BEIMYMHA, KOTOpas ONKCBHIBAET OTIMYHUS

MEXIY apryMEHTOM ILUPOTHI paccMaTpuBaeMoil OpOUTHL U M apryMEHTOM HIMPO-
THI OTIOPHOM HEBO3MYILEHHOH KpyroBoil OpOMTHI Uy ; | — ITpaBUTALIMOHHAS IOCTO-
sHHasA; Py — (GoxaIbHBINA MapamMeTp OMOPHO HEBO3MYIIEHHOH KPYroBOH OpOHTEI;
b, Y — OTHOCHTEIbHBIC OTKJIOHEHUS PaJnyC-BEKTOpa M (POKAIBHOTO HapaMeTpa
BO3MYIICHHO# OpOHUTHI OT (HOKAIBHOTO Mapamerpa OMmopHOW opouthl; b, — paau-

ajgpbHas CKOPOCTHh HA BO3MYIIICHHOU OpOWTE, OTHECEHHAS K CKOPOCTH JIBIKCHHUS 110
HEBO3MYILCHHOU KpyroBoii opoure. [lepemennsie by, b, , v npencrasustor coboit

MaJIbI€ BCJIMYMHBI, KOTOPBIC BBOAATCA U3 YCJIOBUSA, YTO Op6I/ITa IMo4YTU Kpyrosasd,
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T. €. pacCTosiHHE OT IeHTpa 3emiu 1o IeHTpa Macc DJIKTC mourn He M3MEHsIeTCs
u cabo oTauyaeTcs ot GpokaasHOro nmapamerpa [16]:

R= p0(1+b1)1 R.=b2 pi1 p= p0(1+Y)l (1)
0

rae R — pammyc-BeKTOp LEHTPA MACC CHCTEMBI OTHOCHTEIBHO TIPHTSTHBAIOLICTO
meHTpa (3emMim).

VYpaBHEHHS BO3MYIIEHHOTO KEIIEPOBOTO JBIKEHHS B OCKYIHPYIONIMX dJie-
MEHTaX, IPeIIOXKEeHHBIX B [17], omnmmuarorces 6oiee mpocToit popMoii 3ammucy:

~ sinu
=qF, —,
sini
di ~
— =qF, cosu,
at qr,
AU = %(é—} Qcosi
Po\ 4 (2)

Y:quF ,

raeql+Qs1+y,F—F pOF—/ pF,FX*,
1+y 1+y)

*
Fy y FZ — HNPOCKIUH BO3MYIIAOIINUX YCKOpeHI/II/I Ha OCu Op61/ITaJ'H:HOI/I CHCTCMBI

koopauHat (cMm. [16]).
Marsle Benmn4uHBI by, by, ¥ CBA3aHBI C KEIUIEPOBBIMU JIEMEHTaMU OPOUTHI B

HEBO3MYIIEHHOM JBmwxeHuu. Tak kak p=R,(1- ez) , R= S u
1+ecosv

R= [%esinv, TO, YYMTBIBask PaBEHCTBA OIMpEACICHUS] MepeMeHHbIX v, by, b, (1),

HETPYIHO MOJIyYUTh

2 e+Ccosv esinv
= —@ , =—e—, b = y 3
! b l1+ecosv’ ° J1_¢? ®)

rae R, —OGosbias nomyoch OpOHMTHI; € — 3KCHEHTPUCUTET OpPOUTHI, V — UCTHH-

Hasi aHOMaJIvsl.
OO6patHbIe BRIPAKESHUS MOKHO 3aIHCaTh B BUJIC

e=4vl, ecos\/:%, esinv=h,\1+y. 4)

Cuna Amnepa. Ecnu NpUHATH NPEANIONO0KEHHE MPSIMOIMHEHHOCTH Tpoca U

nmpeHeOpeub M3MEHEHHEM BEKTOpa MarHUTHOW uHayknuu B Bmoms DJIKTC, To
cuiia AMrepa, IeicTByoIas Ha CUCTeMY, paBHa [7]
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Fu=(6.xB jllanda+j 2(E,n)dE |, (5)
0

rae 15(€,n) — cuma Toka, cOGMPAEMOro aHOIHON YACTHIO CHCTEMbI, 3aBUCSAIIAS OT
KOHIIEHTpAIMK 3apsHKEHHBIX dacturl N [7]; Iz(é, n) — chia TOKa, cOOMpaeMoro

KaTOTHOW YacThIO CHUCTEMBI, 3aBUCSIIAS OT KOHIICHTPAIUH 3apsOKCHHBIX YaCTHIT
[71; éé — eIUHUYHBIA BEKTOP BIOJb JHMHUH TPOCA; 8 — KOOPAWHATA HYJIEBOTO IIO-

TE€HIHaJIa TpoCa OTHOCUTEIBHO OKPY)I(aIOHICfI IJ1a3MBbl.

Mooenv dsusicenus 3/[KTC omuocumenvno yenmpa macc. Jjisi uccnenona-
HUs 3akoHoMepHOcTed nBmwkeHns JKTC oTHocHTEIRHO IIEHTpa MacC IMOa JCH-
CTBHEM MOMEHTA aMIIEPOBBIX CHJI BBeIEeM CBsi3aHHYIO cuctemy koopauHaT (CCK)
— 0&NG, ¢ HavYalloOM B IIEHTPE MAcC CHUCTEMbI, OCh O HalpaBlieHa BJOJIb JTHHUU

TpocCa OT MOJIOKHUTCIBHO 3apsKEHHOTIO TEJIa K OTPULATCIBHO 3apsAXE€HHOMY, OChb
0T — B IJIOCKOCTH 0p6I/ITI>I, B HalpapJICHUM II0JI€TA, OCb 0C OOIIOJHSCT CUCTCMY

JIo TIpaBoi, 6 — yrox pa3BopoTa B IIIOCKOCTH opOuTH neHtpa macc DAKTC, ¢ —

YToJI OTKIIOHEHUA OT 3TOH IIOCKOCTH. Byz[eM HCIIOJIB30BaTh MOJCIIb OTHOCUTCIIb-
HOT'O ABWKCHUSA, MMOJTYYECHHYIO U3 TCOPEMBI 00 M3MEHEHHH KMHCTUYCCKOTO MOMEH-
Ta CUCTCMBI.

+ (é+ coo)zsin @ COSQ = —gmﬁsin 2¢pcos’0-M, /J,
(6)
é—2(é+mo)(p tg(p:—gmgsin 20+ M Q/J cosQ,

rae M., M. —npoexiun MomeHToB BHemHux cuil Ha ocu CKK; o, — yriosas

ckopocTh nenTpa Macc IKTC mpu opOutanbHOM OBMOKEHHN; J — MOMEHT WHEP-
mu DJIKTC oTHOCHTENHHO OCH, IEPIICHAUKYIISIPHON K JTUHUU TpOCa.

Anamu3 3axkoHoMepHocrteii aBuw:kenus IJAKTC. M3 amanmmza ypaBHEHUI
OTHOCHTEITLHOTO JIBFKCHUS CJIEyeT, YTO KOJeOaHUsi CUCTEMBI MPUBOJIST K YMEHb-
HICHHUIO CHJIBI HATsHKEeHUs Tpoca. Hampumep, nipu xosnebanusx SKTC B mimockoctr
OpOUTHl OTKJIOHEHHWE Tpoca Ha 45 TPaaycoB YMEHBINIAET PACTATHBAIOIIYIO TPOC
BHEIIIHIO CHIIy B JiBa pa3a. [Ipu ammuryne kojedanuit okojio 70 rpamycoB TPOC
OyzmeTr mpoBHCaTh, T. €. PACTATHBAIOIIAS BHEIIHSS CHIa OYIIET HETOJIOKHUTEIBHOMN
[18]. ITpu konebanusx DJIKTC B miockocTH, NEPICHIUKYIAPHON OpOUTE, OTKIIOHE-

HUs TPOCA Ha YTOJI, /ISt KOTOporo cosg<0.5, ¢ >60°, mpuBeyT K ero MpoBHCAHHIO.

JIBm>KeHrEe CHUCTEMBI B PEKUME TPABUTAIIMOHHON CTAOMIN3aIK, KOTIa JIMHUS
Tpoca HE3HAYUTEIHLHO OTKIOHSETCS OT MECTHOM BEPTHUKAIH, XapaKTepU3yeTCs
CJIEJIYIOIIMMHU 4acTOTaMH KOJIeOaHMH: 4acToTa KoJeOaHWi B IIIOCKOCTH OPOHTHI
Onmu3Ka K /3y, a NEPHEHANKYIISPHO TIOCKOCTH OPOHUTHI — K 2w, . YacToTa Koe-

OaHMii B MJIOCKOCTH OpOWTHI 00YCIOBIMBAET HU3KYIO TUHAMHUYECKYIO JKECTKOCTh
CHCTEMBI K BHEIITHUM BO3ACHCTBHUSAM C YaCTOTAaMU PAaBHBIMU OPOUTATLHON U YABO-
E€HHOU OpOUTAIbHOM YacTOTE, a YaCTOTa KOJIeOaHUM MePIeHANKYIISIPHO IJIOCKOCTH
OpOUTHI 00YCIIOBINBAET PE30OHAHCHYIO HEYCTOWYMBOCTh CHCTEMBI K BHEIITHUM BO3-
JIEHCTBHSIM C yIBOCHHOI OpOMTAIbHOM YaCTOTOH.

PaccMoTpuM Tenepb BIMSHUE 3JIEKTPOJUHAMUYECKUX BO3JEWCTBUN Ha JBU-
xerne DJIKTC oTHOCHTENBHO IEHTpa Macc. 3HAYUTEIHLHOE MPeo0Iafanne dIeK-
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TPOHHOTO TOKA B TJIa3M€ HaJl MOHHBIM TOKOM IPHUBOJAUT K TOMY, YTO OYEHb KOPOT-
Kasi 9acTb Tpoca OyAeT 3apspkeHa IMONOKHUTEIhHO. bomblimas yganeHHOCTh TOYKH
MaKCHMaJbHOTO TOKa OT IIEHTpa MacC CHUCTEMBI MOXET OOyCIIaBIMBaTh CYIIe-
CTBEHHBII MOMEHT 3JIEKTPOAMHAMHUYECKUX CHJI, BIUSIOMNAN HAa OTKIOHEHHWE CH-
CTEMBI OT TPABUTAIIMOHHO CTAOMIH3NPOBAHHOTO TIOJIOKEHHSI.

YucaeHnplii anaau3 3axkonoMmepHocteii aunamuku IJAKTC. YncneHHbIi
ananm3 apmwkeHus DJIKTC mpoBoamics Ha OCHOBE YpaBHEHHH MOAETH OpOUTAIb-
HOTO (2) U OTHOCHUTENHHOTO JABIXKEHHS (6) C y4eTOM HEICeHTPaIbHOCTH TPaBUTA-
LIHOHHOTO TOJIS 3eMIIM U B3aUMOJCHCTBUS ¢ noHOochepoit [19] u marauTochepoit
3emmn [20, 21].

MojenupoBaHue MAarHUTHOTO TOJII M KOHIIGHTPAIMH 3apsKCHHBIX YaCTHIL
noHocepHoil MmnasMbl NpU OPOUTAIBLHOM JBHXKCHHUH TPOBOJMIOCH HAa OCHOBE
MexayHapoiHoi Monenu riaBHoro marautHoro moinst 3emnu (IGRF) [20, 21] u
MexnyHapoaHo#t crnpaBouynoir Mmomenu uoHochepor IRI-2016 (International
Reference lonosphere) [19] npu cpeaneit coqHEYHONH aKTHBHOCTH.

IMockonbKy M3MEHEHHs KOHICHTPAIMU 3aPsDKCHHBIX YaCTHI] U UHIYKIMU Mar-
HUTHOTO TIOJIT 3eMITH MPH OPOUTAIBHOM JBMIKCHHU CHHXPOHHBI C OpPOHTAILHBIM
JBIDKCHUEM, TO B OPOUTAIHHOM JIBHOKCHHH MMEET MECTO PE30HAHC, MPUBOISIIMN K
YBETHYCHHUIO SJUTUNITHYHOCTH OpOUTHL. [IpoBeieHHBIe pacdyeThl MOKA3bIBAIOT, YTO BO
MHOTHUX CITy4asx M3MEHEHHUS SJUTUITHYHOCTH OPOUTHI M3-3a ICHCTBHS CHIIbI AMIiepa
HE3HAYUTEIIBHBI U MIPU HAYATBHOW MMOYTH KPYroBOW OpOHMTE CHCTEMBI OpOUTa OCTa-
eTcs Bce Bpemst moutn kpyroBoid. Ha puc. 1 s DIKTC ¢ mmmnoii Tpoca L=1 kM u
pagmycoM I, =3 MM (mapameTpbl HayalbHOW KpyroBoi opOutel: h =650 km;

ip =10"; @y =0°; Ug =0") noka3zaHbl H3MEHEHHs FKCLICHTPUCUTETA OPOUTHI € .

% 10°
4 T T T ;

0 20 40 60 80
f, CYIKH

Puc. 1 — N3menenue skcieHTprcureTa € mpu opouransHoM asmwxkennn DKTC

W3 rpaduka Ha puc. 1 MOXKHO BHJETh, YTO IKCICHTPUCHUTET JICHCTBUTEILHO
YBETTUYHMBACTCS, OJHAKO B CIydae HAYAJILHON MOYTH KPYTOBOW OPOUTHI M B KOHIIE
ciycka DJIKTC opOuTy MOKHO CUHMTATh IMOYTH KPYroBoil. PacueTsl Takke MmoOKa-
3BIBAIOT, YTO HAKJIOHEHWE OPOWTHI MPU OpOUTATHLHOM JBM)KCHUH U3MCHSETCS He-
3HAYUTEITHHO.

Ha puc. 2 ansa Tex xe mapaMeTpoB CUCTEMBI M HAYAIBHBIX YCIIOBUH JBIIKE-

HUSL, 9TO M VI puc. |, IOKa3aHa 3aBHCHMOCTH TOPMO3SIIIEro yeKopeHus F, , Bbl-
3BaHHOTO CHJIOW AMIIEpa, OT BBICOTHI OPOUTHI.

24



L 1 1 Il 1 1 L i

0

200 250 300 350 400 450 500 550 600 650
h, kM

IMapamerper DJKTC: L =1 km; r, =3 MM

*
Puc. 2 — zmenenue TopMossiero yckopernus: Fj, , Be3Banzoro cu-
0¥t Amrmiepa, pu opoutansHom npmwkeHnn JJJKTC

*
Otmetum, 4to F, 3aBHCHT OT KOHIEHTpALUH 3apsDKCHHBIX YaCTHIl HOHOChE-

PBI, KOTOpask HE MOCTOSTHHA, a U3MEHSETCS ITPH OPOUTAIBHOM JBH)KCHUU B 3aBUCH-
MOCTH OT IIMPOTHI, JOJTOTHl U OCBEMIEHHOCTH. [103TOMY Ha OJHOM M TOU K€ BBI-

*
COTe 3HAYCHHUS TOPMO3ALIMX YCKOpPeHHu F, MoryT ObITh pa3nuuHbl. BepxHuii

rpaduk (1) Ha puc.2 COOTBETCTBYET MaKCHMAalbHBIM 3HAUYEHHUSIM TOPMO3SIIETO
YCKOPEHUS! 7Sl OCBEIIEHHOM YacT OpOUTHI, HIKHHUN TpaduK (2) — MUHUMAaJIbHBIM
3HAYCHUSM JIJIsl 3aTCHEHHOH YacT OpOUTEHI.

Kak oTmeuasioch BbIllIe, OCHOBHOH 0COOCHHOCTHIO B3aUMOJICHCTBHSI paccMar-
puBaemori DJIKTC ¢ moHochepHO# MmIa3Moil SIBJISETCA CPABHUTEIBHO KOPOTKAs
TIOJIOXKHTENBHO 3apsbKeHHast ee yacTh. Ha puc. 3 — puc. 4 moka3aHbl 3aBHCUMOCTH
OTHOIIEHHUS aHOJAHOM yacTu L, ko Beelt anmune Tpoca L ot mimmusl Tpoca DAKTC

Ul OpOUT ¢ pa3sHBIMH HAKJIOHEHUSIMHM M BBICOTaMH. B pacueTrax panmychl KOHILIE-
BBIX TeJ IpUHUMaNUCh paBHbIME R, =10 cm.

U3 rpaduxos (puc. 3 — puc. 4) MOXKHO BHJIETh, YTO MPH MPOU3BOIBHBIX JIJIH-
Hax Tpoca MOJIOKUTEIBHO 3apsHKEHHAs 4acTh He mpeBocxoaut 2 % Beeit anunbl. C
YBEJIMYEHHEM BBICOTHI OPOMUTHI MOJOXKHUTEIHHO 3apsDKEHHAs 49acTh COKpallaercs,
YTO MOXKET OBITh CBSI3aHO C yMEHBIICHHEM KOHLEHTPALMWHU 3apsDKEHHBIX YaCTHIL
noHocepsl U MHAYKIIMU MarHuTHoro moist 3emin. Kak oTmedanock BbIle, KO-
POTKasi MOJIOKUTEIBHO 3apsDKeHHasl 4acTh Tpoca oOyciaBiuBaeT OOJNBIIYIO yna-
JIEHHOCTh TOYKHA MAaKCHMAaJIbHOTO TOKa OT IEHTPa Macc CUCTEMBI, a KaK CJIE/ICTBUE
— CYILIECTBEHHBI MOMEHT NIEKTPOJMHAMHUUECKHUX cuil. [loaTtomy Bompoc ycTolun-
BoctH KoHurypannu IIKTC ouenp BaxkeH u TpeOyeT MpOBEACHHS AATbHEHIINX
UCCIJIETOBAHUH.

Mamenenus BeicoTHl opouThel DJIKTC ¢ pa3znuuHbIMH TIapaMeTpaMu BCIICII-
CTBHE JIEHCTBUSI TOPMO3SIICH CHIIBI AMIiepa MokazaHbl Ha puc. 5 — puc. 8. beun
paccmoTpens! cirydan yBoga KA ¢ maccamu m = (3, 10, 100) Kr ¢ OpOHT C pazmud-

HbIMH HakimoHeHusMH ( iy =30°,60°,98°, BeicoTa OpOUTHl 650 KM) HIpH TOMOIIH
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OIKTC c pazmuuasiMu JymmHaMu Tpoca L =(1,2,10) KM U pa3TUYHBIMH Paguy-
camu Tpoca r, =(0.69, 3.0) MMm.

0.02 T
00154 fl i e l“,""”- ........ J
: ; e . P
/’ —_—i =0
= 3 —==i, =60°
o+ 001r§ 1 P
g
A ; : ;
ooostHE. .. o PAIEE SISO T, TR D
: f : : : ;
P !
] g i L i 1
0 2000 4000 6000 8000 10000 12000
I.m

CI

[apameTpst opouthl: h=650Km; @, =0 u,=0";
Hapametpet DJIKTC: 1, =3 mm; R, =10cm
Puc. 3 — 3aBucuMocTb OTHOLIGHHS aHOAHOH wactn L, ko Bceil mmuHe
tpoca L or mumuel Tpoca DJIKTC a1 0pOMT ¢ pasHbIMM HAKJIOHEHUSAMH

0.0168 ; : ; : ; ; : :
0.0167 ) ' . | ' .
0.0166 b
0.0165
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+ 0.0164 -

0.0163

0.0162

00161 i ; i i ; i ; i

200 250 300 350 400 450 500 550 BOO 650
h, kM

[Mapamerpst OJIKTC: L=1xkm; r, =3 mm; R, =10 cm

Puc. 4 — VI3ameHeHNe OTHOIIEHUS TOJOXXUTEIBHO 3apsHKEHHON 4acTh TpPo-

ca L, xo Bceit mmHe Tpoca L B 3aBrcuMocTH o1 BeIcOTH! 0pOuTEI D[KTC

U3 puc. 5 MOXHO YBUAETB, YTO BPEMS YBOJA JJIsl IPHUITOJISIPHBIX OPOUT 3HAYH-
TEJNBHO YBEJIUYUBACTCS MO CPAaBHEHHMIO C 3KBATOPUAIBHBIMH MJIM CPEIHEIINPOT-
HBIMU OpOMTaMU. DTO MPOUCXOAUT BCIEACTBHE MAJIBIX 3HAYCHUN COCTABISIOLINX
WHAYKIUA MarHUTHOTO MOJIS, MEPIEHANKYJISPHBIX IUIOCKOCTH OpOWTHI, A NpU-
MOJISIPHBIX OPOMHT.

I'padukn Ha puc. 6 mokaspiBalOT 3PQPEKTUBHOCTH HCIOJB30BAHUS MOACIH
SAKTC 6e3 10mOIHUTEIBHBIX KOHTAKTOPOB /7151 YBOJAa HAHO- U MUKPOCITY THHKOB.

Ha rpaduxe, nzobpaxennom Ha puc. 7, nokazan ysog KA ¢ DJKTC c pasz-
JIUYHBIMU JUIMHAMH Tpoca L =(1;2) KM. 3HAUMTEIIPHOE YBEJIMYEHUE BPEMEHU
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yBoja KA npu ymensinenuu mimHel Tpoca 3JKTC Bcero B 2 paza MOXKHO 00bsIC-
HUTh TEM, 4YTO TOPMO3AIIAs JJICKTPOJWHAMHYECKAs CHJIA 3aBUCHT OT JUIUHBI
DJIKTC B crenenn 5/2.

700 . i ;
\ e o 1 °
L% 5 S
600 R \\\\\ o =60
¥ . .
VY e —ip =98
500F bV \\ .
= 1 Y .
] | \ \
= .l )
a0f ;N ]
¢ 4
A\v "l
300} [ ! \ i
) & \
| \\ \
200 1 1 1
0 50 100 150 200
t, CYTKH

IapameTps HauanbHOH opbutsr: h =650 kmM; Wy =0"; Uy =0°
[apamerper OJAKTC: L =10 xm; m=100 kr; r, =0.69 mm; R, =10 cm

Puc. 5 — Usmenenne Boicotsl opoutsl h KA ¢ DJIKTC mpu pasnuy-
HBIX HAKIIOHEHHSIX HAYallbHOM OPOHTHI 1(

700 T T :
— ——-m=100 Kr
600 f TERE —-—-m=10 Kr

0 10 20 30 40
t, CYIKH

[apametps HavanbHoit op6utsr: h =650 kv; iy =307; @y =0°;uy =0°

IMapamerpot JAKTC: 1; =0.69 mm; L =10 xm; R; =10 cm

Puc. 6 — N3menenue Boicotsl opoutsl (h) KA pasmuunsix macc m ¢ SKTC
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Puc. 7 — Usmenenue Boicothl opoutsl h KA ¢ DJIKTC ¢ pasmuyHbIME IIHHAME
Tpoca L

PacyeTsl Moka3pIBalOT, YTO Y4YET peaJbHOTO TPaBUTALMOHHOTO MO 3eMIIU
MPaKTUYEeCKN HE CKasbIBaeTCs HU Ha (hopMe OpOWTHI, HU Ha OTHOCHUTEIHLHOM JIBU-
KEHUM CHUCTEMBI, HM Ha BpeMeHHU yBoja. Ha puc. 8 moka3aHbl pe3yabTaThl pacue-
ToB u3MeHeHus BbicoThl D/IKTC ¢ yueTom BTOpOil 30HAIBHON rapMOHUKHU T'PaBH-
TallMOHHOTO MOTeHIMaa 3eMiIn. PacyeTsl MpoBOAMIINCE AJIs TEX JKe apaMeTpoB U
HaYaIbHBIX TAHHBIX ABHXCHUS, YTO U 11151 puc. 1 — puc. 2.
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[TapameTpe! HadanbHOM OpOMTEL: h =650 KM; iy =10°; wy =0°;uy =0°
[Mapamerper DJAKTC: L=1 kM; r, =3MM; m=3 kI; R, =10 cM

Puc. 8 — Usmenenune BoicoThl opOuThl DJIKTC ¢ yKasaHHBIMH MapaMeTpamMH
BCJIEICTBHE NEHCTBHUS TOPMO3SAIICH CHIBI AMIIEpa U C y4eTOM HEUEHTPATBHOCTH
TPaBUTALMOHHOTO TOJIS 3eMIIH

CpaBHeHue rpaukoB Ha puc. 7 U puc. 8 mokasbiBaeT, 4To Bpems yBoaa KA
3HAYUTEIFHO COKPAIIAETCS MIPH YBEIMYSHUH AUAMETpa Tpoca.
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I[J'IH 6I>ICTp0ﬁ OIICHKK BpPCMCHU YBOAA CHUCTCMbI MOXHO BOCIIOJB30BAaTbHCA
AHAIIUTUYCCKUMU BbIPAKCHUSAMU. BpCMﬂ tH , 3@ KOTOPOC (bOKaHLHBIﬁ napameTp

CHU3UTCS Ha MHTEPECYIOIIyt0 Hac BbICOTY ( H = pg — p(ty)) npu ycnoBuu mnocro-

SIHCTBA TPAHCBEPCATILHOIO YCKOPEHUS F; , MOXKHO HalTH U3 BhIpaxkeHus [22]

1-H
ty, =$ , (7)
po —H £
y
il

rze Po — HaYaJIbHOE 3HaYeHUe (POKAIBFHOTO mapamerpa opoutsl; H = pg— p(ty) —
u3MeHeHne (hoKaIbHOro mapaMeTpa 3a Bpems ty .

IloncraBnsist B (7) cpemnee 3HaueHue F, i nuamasoHa BeicoT (650 —
550) kM (cm. puc.2), min Py =7021 kv u H =100 kM, nOIy4YUM, dYTO
ty =39 cyrok. Ilo rpaduky Ha puc. 8 Takoe M3MEHEHHE BBICOTHI HPOHMCXOAUT

MpUMEpHO 32 35 CyTOK.

OtrmernMm, uto dopmyna (7) mns DJKTC moxkeT OBITH TUIIH OIEHOYHOM.
[MpeamonoxxeHre MOCTOSHCTBA TOPMO3SAIIECTO YCKOPEHHSI, BBI3BAHHOTO CHJION AM-
nepa, HE COOTBETCTBYET JICHCTBHTENBHOCTH. B CHIly M3MEHEHHS KOHIIEHTPALUH
TUTa3Mbl TIPH OPOUTANILHOM JBHXKCHUM, HAIIPUMEDP M3-32 3aTEHEHHOCTH YacTH Op-
OUTHI, COOMpaeMBbIil TOK, a CIEIOBATEIBHO, M TOPMO3SIIEe YCKOPeHHe OyIyT Me-
HSITBHCS B Pa3bl.

BeiBoasl. [IpoBenen anamus 3aBucumoctH Bpemenu yBoja KA ¢ SKTC 6e3
JIOTIOJTHUTENBHBIX KOHTAKTOPOB OT Macchl KA, mapamMeTpoB Tpoca W mapaMeTpoB
HavyampbHOW oOpOuTHL. PacdeTrsl TOKa3bBalOT 3(PPEKTUBHOCTH HCIOIB30BAHUS
OIKTC 6e3 1onOTHUTENBFHBIX KOHTAKTOPOB sl YBOJIA HAHO- M MHUKPOCITYyTHUKOB
C HU3KHX OKOJIO3EMHBIX OpOUT.

[Tokazano, uyTo yBenmmueHue IMHBL U paguyca Tpoca JAKTC cymecTBeHHO
cokpaiuaet BpeMs yBoaa KA. DTo MOXXHO OOBSCHUTH TE€M, YTO TOPMO3SIIIAsT HIICK-
TpoAUHaMHuuecKas cuiia 3aBUCUT OT AnuHbl DAKTC B crenenu 5/ 2.

[Tokazano, uro Bpems yBona KA ¢ O/IKTC cymiecTBeHHO 3aBUCUT OT HAKJIO-
HEeHUs OpOHTHL. Bpems yBona ¢ MpUIONSPHBIX OPOUT YBEIHMYMBACTCS IO CpaBHE-
HUIO CO CPEJHEIIHPOTHBIMU OpOUTaMu B 3—6 pa3 10 CPaBHEHUIO C IKBATOPHAIIb-
HBIMU — OoJiee 4eM Ha HOPSIOK. DTO MPOMCXOAMT BCIEACTBHE MAJIBIX 3HAYECHUH
COCTABIISFONIMX WHAYKIIMA MarHAUTHOTO TIOJIS, MEPIEHANKYIISPHBIX IIOCKOCTH Op-
OUTHI 17151 MPUTIOJSAPHBIX OPOHT.

[Nony4yeHHble MOJIENIM W 3aKOHOMEPHOCTH MOTYT OBITh HWCIIOJIb30BaHBI Ha
HayaJbHOM STare MPOEKTUPOBAHHMS MAJBIX MACCHBHBIX 3JEKTPOJANHAMHYECKHX
KOCMHYECKHX TPOCOBBIX CUCTEM.
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