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AnHotanusa. B paGore paccMOTpeHBl pe3yJbTaTBl CHCTEMHBIX HCCJ/IeOBaHHH 0COOEHHOCTEH (DYHKIMOHHPOBAHHMS M XapaKTePHUCTHK
BUODAIL[MOHHOTO MOIYJIATOPA 3JEKTPUYECKHUX Tosiefl. B HCMBITaHHAX MOJTy4YeHBl pe3ysnbTaThl 3HAUEHHH BBIXOLHOTO CHTHAJa MOMLYJISl-
TOpa MpPH BO3AEHCTBUH HATPSXKEHHOCTH 3JeKTpuUueckoro mnojist B auanasone 0 ~ 250 kB/m. OmpeneseHsl ciepymoue OCHOBHbIE
MeTpPOJIOrHUecKHe XapaKTepPUCTHKH MHKPOCHCTEMHOrO BUOPALMOHHOrO MOLY/IATOPA: UyBCTBUTEBHOCTb, HHEPLIHOHHOCTD, CTATHYECKAs
XapakTeprcTHKa. MonynaTop KaaccH(pHUIMPOBaH MO Crocoy MOMydeH s BBIXOJHOTO CHTHa/a OT BXOLHOH BeJIMYHHBI, 10 XapaKTepy 3a-
BMCHMOCTH BBIXOJHOI'O CHIHA/a OT BXOJHOTO CHTHAJA, TUIY AeHCTBUS, 00JacTu npuMeHenus. OnpeneseHa BO3MOXKHOCTb IPUMEHEHHS
pa3paGoTaHHOro M3JeNHs [/ KOHTPOJS /eKTpuueckux noseit Ha KA B opOUTa/IbHBIX YCJOBUSAX IKCILTyaTalMH.

KuroueBbie cioBa: BI/IﬁpaLlHOHHbIﬁ MOAYJIATOP 3JEKTPOCTATHYECKUX I'IOJItel, Hp606paSOBaTeJIb, YYBCTBUTEJIbHOCTb, MOPOr' YyBCTBHU-
TE€JIbHOCTH, HAlPAKEHHOCTb 3JIEKTPHUYECKOIr'o I10J14, BBIXOIHOH CUTHaJI, METPOJIOrH4YeCKHe XapaKTepUCTUKH
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Abstract. The paper discusses the results of system research of the functioning peculiarities and characteristics of a vibration
electric field modulator. Modulator output signal values in electric field with intensity in the range of 0 ~ 250 kV/m are obtained.
The following main metrological characteristics of a microsystem vibration modulator are identified: sensitivity, sensitivity threshold,
response time, and static pattern. The modulator is classified depending on the method for producing an output signal from the
input value on the nature of dependency of the output signal on the input signal, type of action, and scope of use. In conclusion
it is determined that it is possible to use the developed product for electric [ield control on the spacecralt in orbital conditions.
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[Tpu skcnyaTaunu oTeyecTBEHHOH paKeTHO-KOC-
MHUUYECKOH TeXHUKH B IOCJe/iHee BpeMsi HaOsonaeTcs
yCTOHUMBAsl TeHIEHLHs, YKa3blBalollass HA yMeHblle-
HUe HaleKHOCTH CHYTHHUKOB M CHHXKEHHE CPOKOB HX
AKTHBHOTO CYLIECTBOBAHMUS.

OcHoBHasi TpUYMHA OTKa3a (YHKIMOHHPOBAHUS
CIyTHUKOB HOBOTO MOKOJIEHHS], BbIyCKAeMbIX POCCHH-
CKHMH TPOU3BOJUTE/SIMH, 3aKJI0UaeTcss B HeLOCTaT-
KaX 3JeKTPOHHOH KoMmroHeHTHOH 6a3bl (QKDB) kocmu-
YeCKOH TeXHWKH, UTO BbIPayKaeTcs B ee HEBBICOKOM
KayecTBe, HECOOTBETCTBUHM YCJOBHUSM KOCMHYECKOTO
NpUMeHeHUs U CJab0H 3alIUIIEHHOCTH OT 3JeKTpPo-
CTaTUYECKUX BO3AEUCTBHUH. [Ipy 3TOM OOHUM M3 BaxK-
HbIX (haKTOpOB, AeicTBYyomKX Ha KA B opOUTaNbHBIX
YCJIOBUSIX U OTPULIATEJBHO BJAMUSIOLMX HA HAJIEKHOCTh
6opToBoit pamuoannapatypel (BPA), siBasitorcsi a/ek-
TpocTaTHueckre nomexu [1].

BMmecTe ¢ TeM 10CTaTOYHO CJOXKHO OCYLIECTBHUTD
spdextuBHy0 3amuTy DBPA oT BHelHHX BoO3jek-
CTBHH, 0COOEHHO OT TAKOTO AeCTPYKTUBHOTO BJHSHHS,
KaK MOHOC(epHas Tja3Ma. 3HAueHHs 3JIeKTPHUECKUX
MOTEHIMAN0B Ha noBepxHOCTH KA pocturaioT coTeH
BOJIBT.

OnHo M3 HampaBJeHWH pelleHHs MpobJeMbl 3a-
mwuThl BPA ot 9CP — co3nanue 3pdeKTHBHOH naT-
YUKOBOW amnmnapaTypbl [Js KOHTPOJS 3JeKTPOCTaTH-
YeCKHUX MO0JeH, UCIIOJHUTENbHBIM 3JIEMEHTOM KOTOPOH
siBJIsieTcsl BUOpaLMOHHBIN MopynsTop. Haubosee mep-
CIIEKTUBHbIE YCTPOHCTBA B COBPEMEHHOH CEHCOPHOHU
TeXHHUKe — JaT4UKH BuGpauuonHoro tuna. AO «Poc-
CHHCKHe KOCMHUECKHe CHCTEeMbl» TpeIJioXKeH BapH-
aHT M3MepUTes 3JIeKTPUYECKHX T0Jel 0 TEXHONOIHH
MHUKPOMEXaHHUKH, COEIMHUBIINN B ce0e TaKue BaxKHble
KayecTBa, KaK MHKPOMMHHATIOPHOCTb W BUOpPALMOH-
HBIA NPUHLHUI paboTHI.

[lenb Hacrosiledl pa6oTbl — BU3yaJU3alUs BO3-
MOYKHOCTH [eTeKTHPOBaHHUS BHUOPALMOHHBIM MOIYJIS-
TOPOM 3JIEKTPHUUECKUX TOJeH B QUarnas3oHe 3HaYeHHH
noteHuanoB A1, KoTopble COOTBETCTBYIOT MapaMeT-
paM, o6pasymoluMcs B OpOUTaNbHBIX YCJAOBHSAX 3KC-
nnyaraiuu KA.

B mnpouecce noaTBepxKAeHHUs] CIIOCOOHOCTH K Jie-
TEKTHPOBAHUIO 3JIEKTPUUECKUX T0JIel ompeneseH Psift
3a/ay, BBIMIOJIHEHHE KOTOPBIX MO3BOJNHUT CYIUTb O COCTO-
STEJIBHOCTH M3Je/Usl KaK MUKPOMHUHHATIOPHOTO BHOpa-
[IMOHHOTO MOAYJISITOpa 3JeKTpudecKux nojed (BMIIT)
1J151 KOCMHYECKHUX arnaparoB JII0ObIX KJ/aCCOB.

TakuMu 3amauaMu ¥ XapakTepUCTHKAMH, TMOM-
TBEPXKIAIUMH  PaboTOCMOCOOHOCTh  H3aeusi  [2]
B KOCMMYECKHUX YCJIOBHUSIX, SBJSIOTCS:

1) u3MepeHHe HANPSIKEHHOCTH 3JIEKTPHUUECKOTO
noJss B guanasode 0 ~ 250 kB/m;

2) crabusbHasi pabOTOCNOCOOHOCTb B YCJOBHSIX
BO3/IEHCTBHUS 3JIEKTPHUECKOTO MoJsis B auanazoHe 0 ~
~ 250 kB/wm;

— OTCYTCTBHME H3MEHEHMs DPe30HAaHCHOH 4acTOThI
MOZYJIATOPA B YCJOBHUSX 3/JEKTPHUUECKOTO MOJS B IHa-
nasone 0 ~ 250 kB/wm;

— OTCYTCTBHME HU3MeHeHMs MOoTped/sieMOH MOILIHO-
CTH B YCJOBHUAX BO3NEHCTBHS 3JEKTPUYECKOTO TOJS
B nuanasoHe 0 ~ 250 kB/M, He Gosee 30 MA;

3) ompeneseHHe MeTPOJOTHUYECKHX XapaKTepH-
CTHUK BHUOPALMOHHOTO MOIYJISATOPA.

C uenblo  yCTaHOBJIEHHS PabOTOCMOCOOHOCTH
YyCTpOHCTBa MakeTHBIH oOpasel, BHOPAaLHOHHOIO MO-
LyJnATOpa TOMellascs B 3KPAaHUPOBAHHBIM KOPIYC.
B skpaHupoBaHHOM Kopryce pasMmellascs HCTOUHHUK
9JIeKTPUYeCKUX MoJjed. McTOUHMKOM 3/eKTpHUuecKrx
noJiedl fiBsgeTCd 3aJa0IUH 3JeKTPOl, H3TOTOBJIEHHbIH
B BHUIE MeIHOH IJACTHHKH W BBIHECEHHBIH BHYTPb
9KPaHHWPOBAHHOIO KOPIYyCa Ha KECTKOM IPOBOJHHKE
(puc. 1).

Jlnsi mpoBeneHHsl OLEHKH AETEeKTHPOBAHHUS M3Jie-
JIeM 3JIeKTPUUYeCKHX MoJ1ed Obll1 C(POPMHUPOBAH CTeH,
COCTOSIIMH M3 amnmapaTtypbl MOAa4yM MOTeHLHala Ha
3aJaI0LIUH 3EKTPOl, HWCTOUHHKA MHUTAHUS NaTUHKa
1 ocuuaiorpada. Cxema cTeHia NpUBeNeHa Ha pHUC. 2.

B xone npoBeneHus SKCreprMeHTa MaKeTHBIH 06-
pazen, BMIII oxaseiBascsi mon BO3AEHCTBUEM 3J€K-
TPUUECKOTO T0JIsl, CO3JaHHOTO 3aJalolMM 3JEKTPO-
noMm. Ha 3apatomuii siekTpon nomaBascs MOTeHLHAJ
C HCTOYHMKA TMHUTaHHS, NUAaNa30H BBIXOJHOTO Hampsi-
KeHust uctounuka nuranus 0 ~ 630 B. 3aparoumii
3JIEKTPOA pacroJsarajics B 2,5 MM OT KOHLA 4YyB-
CTBHUTeJBHOrO 3jekTpona. [lytem mepecyera Ha uyB-
CTBHUTEJLHOM 3JIEKTPOJIe CO3/aBasach HaMpsKeHHOCTD
sJIeKTpudeckoro noJisi B nuanasone 0~ 250 kB/m. Oc-
uuaIorpad MoAK/IIOYANCS K UYBCTBHUTENBHOMY 3J€K-
TPOLY, C KOTOPOTO MPOH3BOIUJIOCH CUHTBIBAHHE BBI-
XOJHOTO CHUTHaJA.

[lar BbIXOMHOTO HANps>KEHUsS] HA UCTOUHHUKE MH-
tTanusa coctasua b0 B, yto sksusasentHo 20 kB/M Ha
4yBCTBUTEJNBHOM 3JIEKTPOLE BHYTPH 3KPaHUPYIOLIETO
KopIyca.
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Puc. 1. Cxema u ¢ororpadus MakeTHOro o6paslia B 3KpaHUPYIOLIEM KOpIyce
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Puc. 2. CtpyKkTypHas cxeMa KCII€PUMEHTaNbHOIO CTEHIA

Pesynbrarel TecTHpOBaHUSl U3lesHsl NpencTaBJe-
HBl B TabJ. 1.

Pesynbrarel TecTHpOBaHUS MOATBEPAUJIH CIOCOO-
HoCcTb patdunka DIl K [neTeKTHpOBaHUIO 3JEKTpHUe-
CKMX ToJiel B 3agaHHOM auana3oHe. BosnelficTue
3JIEKTPUUECKOTO MM0JIs He CKa3aJ/J0Ch Ha paboTocnocod-
HOCTH YCTPOHUCTBA, T.e€. OTKJOHEHUH OT 3Ha4eHUH pe-
30HAHCHOW YaCTOTBI, aMILIUTYABl KONeOAaHUN dKpPaHHU-
PYIOLIEro 3JeKTPOAa U MOLIHOCTH NOTpedJ/IeHuUs, M0JY-
YeHHbIX B HOPMaJIbHbIX YCJIOBHUSIX, BbISIBJIEHO He OblJIO.

Tabauua 1. PesynbraTel TeCTUPOBAHUS HU3JENUA

HanpsizkeHHOCTD BoixomaHO#M
HOTeHH”af' 3/J1EKTPUUECKOT0 CHTHAT,
Ne | MOAHHBI noJis, co3aaHHas HOJTy4eHHBI}
Ha SalaloIlii | s gyperBUTEBHOM ¢ BMAII,
snekrpon, B snektpoze, KB/m MB
1 0 0 4
9 50 20 8
3 100 40 12
4 150 60 16,5
5 200 80 21
6 9250 100 26
7 300 120 31
8 350 140 36
9 400 160 40,5
10 450 180 46,5
11 500 200 51
12 550 220 56,5
13 600 240 61
14 630 252 63,5
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Ta6auuma 2. 3HaueHus BbixogHoro curiasa BMIII npu nanpsikernoctu mogst 20 kB/m

8,097 | 8,198 | 8,193 | 8,201 | 8,148

8,107 | 8,154 | 8,119 | 8,133 | 8,049

8,136 | 8,167 | 8,082 | 8,134 | 8,072

8,321 8,095 |8,021|8,129 | 8,05

8,061 | 8,067 | 8,095 | 8,102 | 8,076

8,121 18,095 | 8,127 | 8,143 | 8,121

8,103 | 8,088 | 8,374 | 8,282 | 8,139

8,297|8,112 8,059 | 8,126 | 8,19

8,112|8,071|8,085 8,116 | 8,063

8,168 | 8,09 | 8,162 8,131 | 8,167

Omnpenenenbl ciaeqylolide MeTPOJOrHYecKHue Xa-
paktepuctuku BMIIT [3].

YyecrButeabHoctb BMDIII onpenensitach kak
OTHOLIEHHe H3MeHEeHMs CHUrHajla Ha BBIXOJle H3MepH-
TeJBbHOTO NMPHUO0OpPa K HANPSXKEHHOCTH 3JEKTPHUECKOTO
T0JIsl, BBI3bIBAIOILETO €r0 U3MeHEeHHe:

ABbIX

5= A

(1)

M Ha ocHoBe TabJ. 1 cocraBuaa ~ 2,5 MB/kB/Mm.

IMopor uyBcTBUTeabHOCTH BM3IIl — HaumeHb-
Ilee 3HAUEHHe HAMpPSKEHHOCTU 3JEKTPHUYECKOTO MOJIS,
KOTOPO€ BbI3bIBAeT MOSIBJEHHE CHUTHajla. JTOT Mapa-
MeTp CBfI3aH C 30HOH HEYYBCTBHUTEJbHOCTH, T.€. C 30-
HOH, B Mpenesax KOTOPOH MpPH HaJHYMK HATpsKeH-
HOCTH 3JIeKTpHUuecKoro mnoJjiss Ha Beixone BMO3II cur-
HaJsl OTCyTCTBYeT. BiusiHue Ha 3TOT mapameTp okasblBa-
eT MOrpelHocTh u3Mepenusi. [lorpelrHocts U3MepeHus
OTpelesieT, IPH KAaKOH HaTPS2KEHHOCTH 3JIEKTPHUUECKO-
TO TOJIsT MOXKHO C YBEPEHHOCTb F'OBOPHUTH O €€ JIeTEeKTH-
POBaHHH.

ILnsi oripesiesieHyst TIOTPEITHOCTH H3MepeHHsl ObLIO0
MPOU3BENEHO MATHAECAT U3MEPEHUH BEJMUYMHBI Harpsi-
YKEHHOCTH 3JIeKTPHYecKoro noJsi, pasHoro 20 kB/M, Ko-
Topble mpejacTaBseHbl B Tabs. 2. Taba. 2 copepkut
NSTBAECAT 3HAUeHHH BbIXofHOro curHaia BMAII, npu
3TOM KaXK/0€ 3HAueHHe SIBJISeTCs YCPeIHEHHBIM 3Ha-
YeHUEeM CTa U3MepeHHUH.

CpenHee KBaapaTHuHOe OTKJOHeHHe mpu 50 H3-
MepeHHSsIX OTpelessieTcs CJAeIYIOIHM BblpaKeHHeM:

o \/2?0 (i = aep)”

Jlanee omnpenesuM TOTPELIHOCTb H3MEpEeHHs,
NPUHSB JOBEPUTEJbHYIO BeposATHOCTb paBHoU 0,99

= 0,0098.

(3Hauenue kosadpduuuenta CreioneHTa npu 50 H3Me-
peHusx paBHO 2,7):

Benys = 2,7+ 0,017 = 0,026.

Takum o6pasom, caydaiiHasi MOTPELIHOCTb M3Me-
pEeHHsl HAMpPSKEHHOCTH 3JEKTPHUUYECKOTrO TMOJIsi COCTa-
BuJa £0,026 MB.

Jlnst  onpenesieHHsi MOpOra YyBCTBUTEJIbHOCTH
C yueTOM TOTPELIHOCTH H3MepeHHsl, MPU KOTOPOH
JOCTOBEPHOCTb TIOJIyUeHHsl pe3yJbTaTa COCTaBJISET
100 %, mpousBeneHbl MOAPOOHBIE H3MepeHHs Ha Ha-
Ya/JbHOM 4YacTH [Hana3oHa YyBCTBUTEJNbHOCTH Ha-
NPS2KEHHOCTH  3JIEKTPUUECKOT0 T0JIsl, TOKa3aHHbIe
B TabJ. 3.

Ta6auua 3. Buxonuoit curuan BM3IT non Bo3neiicTBU-
eM ssektpuueckoro noss 0-0,8 kB/m

HanpsizkeHHOCTD 3/1€KTpUyecKoro | BeixoaHo# curHai,

N0JIS Ha YYBCTBUTEJIbHOM MOJTy4eHHBIH
ssexTpone, KB/m ¢ gatuyvka, MmB

0 0,903

0,08 0,923

0,16 0,931

0,24 0,937

0,32 0,953

0,4 0,961

0,48 0,973

0,56 0,981

0,64 0,992

0,72 1,022

0,8 1,025
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B pesysnbraTe comocTaBsieHHsl TOTPELIHOCTH H3-
MepeHUs M 3HayeHus H3MepeHHH B Tab/a. 3, Obla
omnpenesieH nopor 4yBcTBUTesbHOCTH BMOIII Hamps-
’KEHHOCTH 3J/IEKTPUYECKOr0 MO0Jsl, KOTOPbIH COCTaBUJI
0,16 xkB/wm.

HNuepumonnocts BMIII — Bpemsi, B TeueHue
KOTOPOT'0 BBIXOAHAS BeJMUMHA NMPUHUMAaeT 3Ha4yeHHe,
COOTBETCTBYIOIlee BXOAHOW BesuunHe. Ilisg Bubpauu-
OHHOT'O MOJYJIAITOpPa 3Ta BeJMUMHA ONpefessieTcs H3-
BeCTHBIM BbipaxkeHnem 1" = 1/f u mpu pe3oHaHCHOH
gacrore 300 [y Gyner cocTaBaATh 3 MC.

Ha puc. 3 ortobpakeHa cratuueckass xapakTepH-
ctuka BMOII, orpaxartoiiass 3aBUCUMOCTb BBIXOJHOT'O
CUTHaJia BUOPALIMOHHOTO MOMYJSITOPA OT 3HAUEHHUS Ha-
TMPSI2KEHHOCTH 3JIEKTPUUYECKOTO MOJIS.
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HanpsizkeHHOCTb 3/16KTPUYECKOro moJist, KB/m

Puc. 3. 3aBUCHMOCTb BBIXOZHOIO CHUTHAJa HAaT4YUKa
OT HaMPsi)KEHHOCTH 3JIEKTPHUECKOTO MOJIst

Hcxons us rpaduka 3aBUCUMOCTH BBIXOJHOTO CHT-
Hasma BMOIT ot HanpsizkeHHOCTH 3/1€KTPHUYECKOTO TOJIS
BUJIHO, YTO 3aBUCHMOCTb HOCHT JIMHEHHBIH XapaKTep.

[To xapakrtepy moJy4eHHMsl CHTHazla OT H3Me-
psemoil BesmuumHbl BMO3II knaccuduuupyercss Kak
napamempudeckuti U3MepuTesb, B KOTOPOM H3MeHe-
HHe BeJMYMHBl HANPSIXKEHHOCTH 3JIEKTPHUECKOTrO 10/
BbI3bIBA€T M3MEHEeHHe HMMEeHHO BBIXOJHOI'O CHIHaJa.

[To xapakTepy 3aBMCHUMOCTH BBIXOJLHOTO CHIHa-
ja ot BxogHoro BM3II knaccudunupyercs kak npo-
NOPYUOHANbHbLL U3MEPUTEeJb, TIPU KOTOPOM CHUIHAJ

Ha BBIXOJE YCTPOHCTBa H3MepeHHsl MPONOpLHOHAJeH
HaINps2KeHHOCTH 3/1€KTPUUYECKOTrO MOJIs.

[lo tuny neiictBus paspabortanueii BMIII co-
OTBETCTBYeT M3MEPUTEJbHOMY H3JeNHI0 npamozo oetl-
cmeus, Tak Kak Ipeo0pasyloT BHellHee BO3JeHCTBHE
HeNoCpPeACTBEHHO B 3JIEKTPUUECKUH CUTHAJ, UCTIOMb3YS
IJIS 3TOTO COOTBETCTBYIOLLee (PHU3HUECKOe SIBJIEHHE.

[To obnactu npumenenus BMOIIT — napyoacrodd
U3MepuTe/b, TaK KaK OH peardpyeT Ha BHeLIHHEe BO3-
IeHCTBUS U cooOllaeT CUCTeMe KOHTPOJIsl 00 U3MeHe-
HUSIX B OKPY2KaIOILHUX YCJOBUAX CPelbl.

[TonyuenHbli Habop XapaKTepUCTHK MO3BOJSIET
ONpenesNuTh NOTpeOUTebCKHE NMapaMeTpbl M KJacCH-
¢duuupoBaTh pazpadotaHHoe ycTpoiicTBo. Omnpenere-
Ha BO3MOXKHOCTb JeTeKTHPOBAHHSl 3JeKTpocTaTHue-
CKHX TI0JieH, SKBUBAJEHTHBIX IOJISIM T€OMarHUTHBIX
BO3MYILEHUH Ha MOBEPXHOCTH KOCMHUYECKOro ammnapa-
Ta B HeoOXomuMoM auanaszoHe. Kpome Toro, mosay-
UeHHble pe3y/bTaTbl MCCJEJ0BAHUH MPOJEMOHCTPHUPO-
BaJId BO3MOXKHOCTb npuMeHeHusi BM3III kak mnoJiHo-
LIeHHOT0 YCTPOHCTBA KOHTPOJS 3JEKTPOCTATUYECKUX
NoJied, 4TO MO3BOJUT PACLIMPUThL C(epy ero mpume-
HEeHHUS] U MCIO/b30BATb B PA3/JMYHBIX OTPAC/AX IMPO-
MBbIILJIEHHOCTH.

Cnucok auteparypsl

1. Hopogees P.I0O., Kyxkos A.A. OcobeHHOCTH 3alllH-
TBl GOPTOBOH ammaparypbl KOCMHYECKHX alllapaTos
OT 3JIeKTPOCTATHUECKOr0 paspsija Ha 3Tale ee CXeMo-
TexHu4yeckoro npoektuposanus. Tpynsl II Beepoccuii-
CKOH Hay4YHO-TeXHMYeCKOH KOH(epeHUUH «AKTyalb-
Hble Npo6JeMbl PaKeTHO-KOCMHYECKOro MPUOOPOCTpO-
eHusi ¥ HMHPOPMALMOHHBIX TEXHOJOTHH». 2—-4 UIoHS

2009 r. M..: Panuorexuuka, 2010. C. 140-149.

2. Mopogees P. 0., Cnupros H.I1., Kykos A.A., Kop-
nyxun A.C. PacueTHO-3KCIIepUMEHTA/bHAS OLIEHKA Xa-
PaKTePUCTHK MHKPOOaJKH BHOPALUOHHHOIO IHpeodpa-

30BaTesisi dneKTpuueckoro noJst// Hawo- U mMukpocu-
cremMHas TexHuka, 2015, Ne 10. C. 22-30.

3. Aw 7K. JlaTuMKH U3MepUTeNbHbIX cHcTeM. Knura 1.
M.: Mup, 1992. 480 c.

PAKETHO-KOCMHWYECKOE I[TPUBOPOCTPOEHUE U MHPOPMALIMOHHBIE CUCTEMBI 1. 3 BRII. 3 2016

MepeiiTu Ha cTpaHuLy ¢ NOJIHON Bepcueit»


https://rucont.ru/efd/577062
https://rucont.ru/efd/577062

