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OT PEAAKTOPA

Paszsutne skoHoMmmku Poccuiickoit Demepaliyii B JOJITOCPOYHOM Tep-
CITEKTHBE, KaK ITOKAa3bIBaeT COCTAaBJICHHBIN «[IporHo3 HaydHO-TeXHUIECKO-
ro pasButusi Poccuiickoit @enepaiimn Ha JOJTOCPOYHYIO TIEPCIIEKTUBY (10
2030 r.)», MOMKHO OCYILECTBISTHCS IO MHHOBALIMOHHOM Mofenu. E€ ocobeH-
HOCTb — Pa3BUTHE TEXHOJIOTUIA, 00eCTIeuBaIOIIMX TIPOPHIBBI MW CO3MaHNE
OTepeXarollero HaydHO-TEXHUIECKOTO 3a/iesia B 1IeJIsIX pa3padOTKU TPUH-
LITTMATBFHO HOBBIX BUIOB MaTepUAaJIoB M MPOAYKIIMHY, O0JaJarolIX paHee He
JIOCTVDKMMBIMM BO3MOXKHOCTSIMU, a TaKXe TeXHOJOTUIA, (DOPMUPYIOIIMXCS
Ha CTBIKE Pa3IMYHBLIX IPEAMETHBIX objacteil. K TakmM MHHOBAIIMOHHBIM
TEXHOJIOTHSIM, KaK TI0Ka3aHO B JAaHHOM JOKYMEHTE, OTHOCSTCS: B O0JIaCTH
SHEPreTUKYN — MPYMEHEHNE aJIBTePHATUBHBIX NCTOYHUKOB SHEPTUH (BETpa,
COJTHIIA, TIPWJIMBOB U TIP.), B 00JIaCTH TIPUPOIOOXPAHbI — CUCTEMHBIE 3Me-
HEHUsI /11 yMEHbIIEHUST TEXHOTeHHOIo BO3AeHCTBUSI Ha Ouocdepy 3emiiu,
B 00JIACTM MaTepuaJiOBENeHUs — IIMPOKOE BHEIPEHWE KOMITO3UIIMOHHBIX
MaTepuajioB C 3apaHee M3BECTHBIMM CBOMCTBaMH, B OOJIAaCTM TTOCTPOCHMS
IJI00TbHBIX MH(POKOMMYHUKAIIMOHHBIX CUCTEM — TIEPEXOJT K OMTO3JIEKTPO-
HUKE KaK HOBOMY STAPY MH(POPMAITMOHHBIX TEXHOJIOTIA.

B mpemtaraemoii KoIeKTMBHOW MOHOTpaduu, IMOATOTOBICHHON Y4ué-
HBIMU Kadenpsl «Pamnosiekrpornka» JIOHCKOTO TOCYIapCTBEHHOTO TeX-
Huyeckoro yHuBepcuteta (I. PoctoB-Ha-/loHy, Poccust), paccMatpuBatoTcst
BOITPOCHI TIPUMEHEHWsI MHHOBALIMII TT0 YKa3aHHBIM BHIIIE HAIPaBJICHUSIM
Mpu pa3paboTKe IMEePCHeKTUBHBIX PaTUOTEXHUYECKUX CUCTEM, OO0JIamaio-
LIMX JIyYIIMMU TIOKa3aTesSIMA KauyecTBa 1O CPaBHEHMIO C CYIIECTBYIOIIN-
MU, a TaKKe OoJiee IMUPOKUMHU (PYHKITMOHATbHBIMU BO3MOXKHOCTSIMMU.

Marepuanbl MOHOTpauy OOBEIUHSIOT pa3eibl, KaKIblii U3 KOTO-
PBIX TTOCBSIIIIEH PEIICHUIO OJHON U3 TIEPCIEKTUBHBIX TEXHOJIOTHIA, BbIIE-
JIeHHBIX B «IIporHose...». CuntaemM, 4To Takas ITogada MaTepuaja Io3Bo-
JISIET UCITOIb30BaTh €r0 MHXEHEPHO-TEXHUYECKUM pabOTHUKAM, a TaKxke
CTYIEHTaM paIMOTEeXHUYECKUX CIIEIMATbHOCTE By3a.

dokmop usuko-mamemamu4eckx HayK, 0OueHm
M. IO. 3se3duna

Penakuus u aBTOpbl cTateil OyayT OJaromapHbl 3a COBETHI U 3aMeya-
HUSI, KOTOpbIE MPOCUM MPUCHLIATh 1O aapecy: radio_ras@mail.ru.
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1. HEOBXOAMMOCTB ITIPUMEHEHVS UHHOBAIIVN
ITPU PASPABOTKE PAANMOTEXHNYECKNX CUCTEM

3ee3duna M.IO.

Annomauua — Ha ocHOBe aHajiM3a JOJITOCPOYHOTO ITPOTHO3a Pa3BUTHS
MUPOBOII 5KOHOMMKHM 000CHOBaHO BbiaeseHue [IpaButenbctBoM PP mHDO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTUI B TIPUOPUTETHOE HarMpaBIeHUE pa3BUTHS.
TToka3aHo, YTO IIMPOKOE BHEAPEHUE NJaHHBIX TEXHOJIOTUI B pa3jIM4HbIE 00-
JIACTU YEJIOBEUECKON HEesITEJIbHOCTH CYIIECTBEHHO YBEIMYMBAET OOBEMBI
obMeHmBaemoii mHMopmanmu. B cBsI3M ¢ 3TUM BO3HMKAeT HEOOXOOMMOCTH
pa3pabOTKU paglOTEXHUYECKMX CUCTEM C JIYUYLIMMU I10 CPABHEHUIO C CYILe-
CTBYIOIIVMMU ITOKa3aTeIsIMM KadecTBa, a TakKe 0ojiee IMMPOKMMU (PYHKIINO-
HaJIbHBIMUA BO3MOXXHOCTSIMU. [IpuBOASTCST OIpeae/ieHnsT OCHOBHBIX TTapaMe-
TPOB M XapaKTEPUCTUK PATUOTEXHNISCKIX CUCTEM.

Karoueenvle cao6a — NOATOCPOYHBIN MPOrHO3, NMPUOPUTETHBIE HAIlpaBlie-
HUS pa3BUTHSA, MHPOKOMMYHUKALIMOHHBIC TEXHOJIOTUM, PATUOTCXHUIECKIE
CHUCTEMbI, MapaMeTPhl U XapaKTePUCTUKU PATUOTEXHUYECKUX CUCTEM.

1. INNOVATION IMPLICATION DEMAND
IN RADIO SYSTEM DEVELOPMENT

Zvezdina M. Yu.

Abstract — A selection of information and communication technologies as
a top-priority goal of development by the Government of Russian Federation
is justified based on a long-term forecast for world economic development. It
is shown that the new media implementation into various human activities in-
creases the data exchange considerably, and thus leads to the necessity of de-
velopment for radio engineering systems with quality characteristics that are
superior to current ones, and with better functionality. Definitions of basic pa-
rameters and characteristics of radio engineering systems are given.

Keywords — long-term forecast, top-priority goals of development, infor-
mation and communication technologies, radio engineering systems, param-
eters and characteristics of radio engineering systems.

1.1. J0oaroCcpOYHbBIN IPOTHO3 TEXHOAOTUIECKOTO
pa3sBuUTMsI MUPOBOV DKOHOMUKI

1.1.1. HaumoHanbHast 3KoHOMUKa Poccnm ctana Hepa3pbIBHOM cOCTaB-
HOM 4acCTbI0 MUPOBOI 3KOHOMUKU. B CBSI3U ¢ 3TUM Ha HEE paclpoCTpaHsI-
JOTCSI U OOIIEMUPOBBIE TeHAeHLMU pa3Butus [1.1, 1.2], oOycioBIeHHBIE
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3aKaTOM WHIYCTPUATbHONA MUPOBOM IMBWIW3ALIWU, BBIPAKAEMOM B psilie
IOOATIBHBIX KPU3BWCOB — AEMOrpaUyeCKOM, SHEPrO3KOJIOTMYECKOM,
MPOIOBOJILCTBEHHOM, TEXHOJIOTUYECKOM, (DUHAHCOBO-9KOHOMUYECKOM,
TeOIMOJIUTUYECKOM, KpU3UCE OYXOBHOM cdepbl — HayKu, 0Opa3oBaHUs,
KyAbTYpBI, 3TUKU. [I1st Poccrn, KpoMe TOro, IIaBHBIM OTPAaHUYEHUEM KO-
HOMMYECKOT0 pocTa OyleT COKpalleHWe KOJIUYECTBA U YXYILIEHUE CTPYK-
Typbl UCTOJIB3YEMBIX TPYIOBBIX PECYpPCOB (3aHATOro HaceneHust). [Ipeomno-
JICHUE JAaHHBIX KPU3MCOB, KaK IMOKAa3bIBAIOT PE3YJbTaThl aHATUTUYECKUX
HCClieoBaHui, TpuBeneHHbIe B [1.2], u moaTBepxaaemsie B [1.1], cBa3aHO
C OCYIIECTBIEHUEM WHHOBAIMOHHO-TEXHOJIOTUYECKON DPEBOJIOLUU, CYTh
KOTOPOU COCTOUT B KPYIMHOMACIITAOHOM OCBOCHUU U PACIPOCTPAHEHUU
0a3MCHBIX THHOBALMIA IECTOTO TEXHOJIOTMYECKOTO YKJIaIa.

PaccMoTpuM 0coGEHHOCTH AaHHOTO Tiepexoaa. B pazpaboraHHOM 10-
kyMeHTe — «[Iporaose HaydyHO-TexHMYecKkoro pa3BuTust Poccuiickoii De-
Jlepalvy Ha JoarocpouyHyto nepcrektuy (1o 2030 r)» [1.1] — mokasaHo,
YTO OCOOEHHOCTBIO TEXHOJIOTMYECKOTO Pa3BUTUSI B MUpPE B Onvkaiinue
20 JIeT CTaHeT «pa3BUTHE TEXHOJOTUM, (DOPMUPYIOLIUX HOBBIN (IIIECTOM)
TEXHOJIOTUYECKUI YKIIa U 00eCIeUMBAIOIIUX TEXHOJIOTUYECKUE MPOPHI-
BBl (WIM CO3JaHUE OMNEPEXAIONIEr0 HAyYHO-TEXHUYECKOTO 3ajesa) B lie-
JISIX pa3pabOTKY NPUHIMITMATIBHO HOBBIX BUIOB MaTepUaJIOB, TPOIYKIIUH,
00JIafatolIX paHee He TOCTXKUMBIMU BO3MOXHOCTSIMU, a TaKXKE TEXHO-
JIoTuiA, (DOPMUPYIOIIUXCS HA CTBHIKE PA3TMYHBIX MPEAMETHBIX 00IacTeil».
ITpu 3TOM OXMIaeTcs MOJydeHUEe Ka4YeCTBEHHO HOBBIX 3((PEKTOB B pas-
JIMYHBIX chepax MPUMEHEHUST JAHHBIX TEXHOJIOTUA.

basoBblie HanpaBieHUs TexHoAoTnYecKuX yKianoB (TY) us [1.1] mpu-
BeleHbl Ha puc. 1.1. [To TaHHBIM TOTO X€ UCTOYHUKA JJIUTEIBHOCTh KaX-
JIOTO U3 YKJIAJOB COCTaBJIsIeT MpUMepHO S0 JIET, U B HACTOSIIIEE BPEMS MU-
pOBOE pa3BUTHE NMPUOIMKAETCS K cepeaune nsaroro TY.

AHau3 pUCYHKa TO3BOJISIET CAEJIaThb BBIBOJ O TOM, YTO TPAaHUIIbI
MEXIY TEKyIIUM U OyIylIMM YyKJIaJaMU JieXaT B CO3MAHUM TEXHOJIOTUI
Ha HOBBIX (DU3NYECKUX MPUHIIUNAX, B MaciiTabax 00paboTku nHboOpMa-
1IUY, a TAKXE B BOBJICUEHHOCTU B TEXHOJOTUYECKUI MPOLIECC TTYOMHHBIX
CTPYKTYp CO3HaHUS. YPOBEHb WCIOJb30BaHUS (HDUMYECKUX MPOLIECCOB
B paccMaTpUBaeMbIX YKJIalax CYUIECTBEHHO pasiudyaercs. Tak, ecid ms-
Thiii TY omnepupyeT ¢ ypoBHsiMu Topsinka 1076, o mecroit TY onepupy-
eT ¢ ypoBHAMU Topsiaka 10~%, 4TO MO3BOJISIET U3MEHSITh MOJIEKYJISIPHYIO
CTPYKTYpY BeLIECTBA, POPMUPYSI MPUHLIIMITUATIBHO HOBBIE CBOMCTBA, B TOM
YHUCJe U JJ1s1 OMOJIOTUYECKUX OOBEKTOB.
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noGansLHee BHOTEX HOMOTHA
ANETeDHATHEHANR .
HaHOTEX HOMOTHH SHEDIETHED HHGOPMA IHNOHHER pacTenHil, XHBOTHEIX, | 6-ft TV
i CeTH, Ccymep3BM TMEKAPTCTR
MMepcoHankHEE BHOTEXHOMOTHA
MHEpOIERTPO: Hedrerazopan OMTIBHOT - STV
HHEA IHEPIETHER ! :
HuTepHeT OpTaHHIMOR
HedreyronsHas | . KHMEAIHS,
ARTOMATHER ATOMIES IBM, Garat 3enénan 4= TY
JAHHEIX
AHEPTETHEA PEROITITTH
Puc. 1.1. bazoBbie HallpaBIeHUS] TEXHOJOTMYECKUX YKIaa0B [1.1]

OCHOBHBIMU TE€HIEHIUSIMU MMPOBOTO TEXHOJOTUYECKOIO DPa3BUTUS
B OJvKaiiiiee Oyayliee 1o JaHHbIM [1.1] OynyT sIBASITbCS:

— 6 obnacmu 3HepeemuKuy: TOCTUXKEHUE TEXHOJIOIUSIMU aJbTepPHATUB-
HOI1 (BOIOPOIHOI 3HEPreTUKU, UCIOJb30BaHUs SHEPTUM BETpa, COJIHIIA,
MPWIMBOB M UHBIX BO30OHOBJISIEMBIX MCTOYHMKOB) SHEPIreTUKU IKOHO-
MUYECKHU MPpUEMJIEMbIX I1apaMeTPOB; pa3BUTHE aTOMHOI SHEPreTUKU I0-
BBIIIEHHOM 0€30MMacHOCTH, a B MEPCHEKTUBE TEPMOSIEPHON S9HEPIeTUKM;
YAY4IIEHUE 3KOJIOTMYECKUX IapaMeTpPOB TEIJIOBOM SHEPreTUKU, B Iep-
BYIO O4EpEb, YTOJbHOM;

— 6 obaacmu npupooooXpaHsl: IMUPOKOE UCIIOIb30BaHUE OMOTEXHOJIO-
TUA, KOTOPBIE U3MEHST HE TOJBKO TPAAULIMOHHBINA arpapHbIi CEKTOP, HO
M CTaHYT OCHOBOI pa3BUTHUSI BBICOKOTEXHOJOIMYHBIX METOIOB Ipoduiak-
TUKM 3a00J/I€BaHUM, TUATHOCTUKM, JICUEHUsI, pa3BUTUSI OMOMHMOPMAaTH-
KU; CUCTEMHBbIE U3MEHEHUsI B MPUPOJOOXPAHHOM NESITeIbHOCTH, TTO3BO-
JISIOIIMe YMEHBIIUTh TEXHOTeHHOE BO3/elicTBIE Ha buochepy 3emiu;

— 6 obnacmu mamepuanosedeHus: IIMPOKOE BHEAPEHME MaTepUasioB
C 3apaHee 3aJaHHbIMU CBOMCTBaMM, B IIEPBYIO OUYepPelb, KOMITIO3ULIMOHHBIX;

— g obnacmu mexHonoeuil: (GopMUpOBaHUE PBIHKA HAHOTEXHOJIOTUIA,
nepexoJ OT MUKPOIJIEKTPOHUKU K HAHO- U OINTO3JIEKTPOHUKE KaK HO-
BOMY «SIpy» MH(MOPMAIIMOHHBIX TEXHOJIOTUIA; pa3BUTHE MACCOBBIX CYy-
MEePKOMIBIOTEPHBIX TEXHOJIOTUI MpeacKa3aTeJIbHOIO MOISIUPOBAHMS
¥ BUPTYaJbHOTO IMPOTOTUIIMPOBAHUS; (HDOPMUPOBAHUE TJI00aTbHBIX MH-
(bOKOMMYHUKAIIMOHHBIX CETEM.
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Pasdea 1

1.1.2 OcoGeHHOCTBIO PA3BUTHST POCCUICKON 9KOHOMUKU SIBJISIETCST CY-
IIECTBEHHOE OTCTaBaHUE MO PSTY MO3UIMIA OT MUPOBOrO YpoBHS [1.1—1.5].
Tak, sKOHOMUYECKOE pa3BuTMe Poccuu COOTBETCTBYET YETBEPTOMY TEX-
HOJIOTUYECKOMY YKJIally, B TO BpeMsl, KaK TepeloBble CTPaHbl MUpPa Tiepe-
xomaT K mectomy. PyHmaMeHTanbHas U TIPUKIIagHAs Hayka, KOHCTPYK-
Topckasi 0a3a 3a BpeMst Kpusuca 90-X TOJOB MOHECIU CYILECTBEHHbIE
notepu. Kax cienyer u3 aHanuza puc. 1.2, MOJy9eHHOTO TI0 JaHHBIM U3
[1.5], nonsa Poccum Ha ppiHKE HAayKOEMKMX TEXHOJIOTUI COCTABJISIET BCE-
ro 0,3 %. Do omnpenenseTcss TeM, YTO B HacTosIee BpeMs 3(DGheKTHBHbIE
CBSI3U MEXIY HayKO! U MPOU3BOJACTBOM OTCYTCTBYIOT, & YPOBEHb UCTIOJIb-
30BaHUSI PE3yJIbTATOB OTEYECTBEHHBIX HAYUYHBIX HCCIECIOBAHUNA W pa3-
pabOTOK B OpraHMW3allMU BBITYCKA HAYKOEMKOW MPOAYKIIMU HA POCCUIA-
CKUX TIPEANPUSITUSX KpaiiHe HM30K. YMCIeHHOCTh TIepCcoHala, 3aHsATOTO
pa3paboTKaMM, COKpaTWJIach MOYTU BABOE, YUCJIO MTPOEKTHBIX U HAYYHO-
MU3BICKATEILCKMX OpTaHU3alnii — B 8,5 pa3, MHOTOKPAaTHO YMEHbBIIIMIOCh
(unancupoBanue Hayku rocynapctBoM. Jlomst 3arpat Ha HUOKP 8 BBIT
IOYTHU BOBOE HIKE CpeaAHEMUPOBOIi [1.2].

Apyrue
CTpaHel———

8.7%
Km‘aﬁ__,""'—’—‘
6%
TepMaHms
16%

Puc. 1.2. CtpykTypa peiHKa HayKoéMKol ipoaykiinu B 2008 T. mo manHbM [ 1.4]

B «IlporHo3se ...» [1.1] mokazaHo, 4YTO MPOAOJIKEHUE Pa3BUTUS OTpaC-
JIeW M0 MHEPIIMOHHOMY CIICHApUIO MPUBEIET K IMOTEPEe OCHOBHOM YacTh
HAayYHO-TEXHUYECKOTO TOTEHIIMaNa, TaJbHeHIIeMy MMageHUI0 KOHKYpPEH-
TOCITOCOOHOCTU OTEUECTBEHHOM MPOAYKIIUK 1 MpeBpalleHnio Poccuu mo
BTOPOCTEIIEHHYIO TEXHOJIOTMUYECKYIO JAepKaBy, TPAaKTUYECKU LIEJTUKOM 3a-
BUCSIIYIO OT UMIIOPTA TEXHUKM M TEXHOJIOTHM, TTOCKOIbKY C ITOMOIIIBIO
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W3HOIIIEHHBIX OCHOBHBIX (DOHIOB HEBO3MOXHO MPOU3BOAUTH KOHKYPEH-
ToCmocoGHyto Tpoaykiuoo. B Poccum B 2006 romy cTernmeHb M3HOCA OC-
HOBHBIX (hoHI0B mocTuraia 46,3 %, a KoapdureHT 0OHOBIEHUS OCHOB-
HbIX (poHIOB coctapisin 3,4 % [1.2].

BreixonoM M3 cnoxwuBLIEHCS CUTyaluu, Mo MHeHWto [IpaButenbcTBa
Poccuiickoii @enepatinu, SBIsETCS Tepexo] K MHHOBAIIMOHHOMY CIIgHa-
puo pa3BUTUS SKOHOMMKU. B coorBerctBUUM C «Crpatermeii-2020» [1.7]
JNAHHBIM CLIEHapUi PUHST B KAYECTBE PyKOBOJsIIEro fokymeHTta. Crpa-
Terusi — TPAeKTOpUs U3MEHEHUE WHCTUTYTOB U SKOHOMMUYECKOU MOJIM-
TUKH, & TAKXKE Pa3BUTUSI CAMOl PKOHOMUKU, €€ OTpaciaeBOi, MPOCTPaH-
CTBEHHO U COLIMATIBHOM CTPYKTYP, peCypcHOM 6a3bl [ 1.8] — mpeamonaraer
Ha OCHOBE JOJITOCPOYHOTO MPOTHO3a HAyYHO-TEXHOJIOTUYECKOTO Pa3BU-
TUs B Mupe U B Poccuu omnpenesneHre cTpaTermueckux MHHOBAIIMOHHBIX
MPUOPUTETOB U OPUEHTALIMIO HA HUX KaK TOCyAapcTBa, TaK U KOpHopa-
TUBHOTO CEKTOpa CTpaHbl. IHHOBAIIMOHHBIN CLIEHAPUI PA3BUTUS SKOHO-
MMKU, KaK TTOKa3aHo B [1.8], mosmxeH 00ecneynTs JOII0 MHHOBALIMOHHOTO
cekropa ¢ 10% BBII no 20 %, a nomo HedTerazoBoro CeKTop, HarpOTHB,
cHU3uTh ¢ 20 1o 10—12 %.

Takum 00pa3oM, WHHOBAIIMOHHBIN CIIEHApUI HAyYHO-TEXHUYECKOUN
TMOJIUTUKYU TIO3BOJIUT PEATU30BaTh CTPATETMYECKUE OPUEHTUPHI PA3BUTUS
Poccun. 3apaya MHHOBAIIMOHHOTO MPOPBIBA UMEET NBOWHON XapakTep.
C 0THOU CTOPOHBI, 3TO TOJKHO CTUMYJIUPOBATH MOJEPHU3AINIO 0A30BbBIX
CEKTOPOB 3KOHOMMKM IYTEM HCHOJIb30BAaHUS HOBBIX TexHoyoruii. Tak,
pa3BUTHE HOBBIX TEXHOJIOTUI OOECTEUYMBAET OIMEPEXAIOIINX POCT PBIH-
KOB MHHOBAIIMOHHBIX HAYKOEMKUX MTPOAYKTOB IO CPABHEHUIO C MUPOBOM
SKOHOMUKOU ¥ MUPOBOI Toprosiieii B iejioM (topsiaka 10...20 % 1o cpas-
Henmio ¢ 4...8 % B ron [1.1]). C npyroit cTopoHbI, MOAEpHM3AIUS 6a30BbIX
CEKTOPOB OYIIET SIBJISITBCS CEPBE3HBIM CTUMYJIOM WHBECTULIMI U UHHOBA-
LIMOHHOTO OOHOBJIEHUS BCEX CBSI3aHHBIM C HUMHU OTpacjieil SJKOHOMUKU.

1.1.3. TIpuBeném orpeneieHe «MHHOBAIMM». B cooTBeTcTBUU ¢ De-
IepalbHbIM 3aKOHOM Poccuiickoit @enepanyu [1.3], «<mHHOBaIIMM — BBe-
JIEHHBII B YOTpeOJIEHUE HOBBIM WIM 3HAYUTEJBHO YIIyYIIEHHBIN TPOIYKT
(ToBap, yciyra) WM mpoliecc, HOBBI METOM MPOJaX WM HOBBIA OpraHu-
3alMOHHBIN METOAOB B NIEJOBOW MPAKTUKE, OpPraHU3alUU pabOYMX MECT
WIA BO BHEIIHMX CB351X. IHHOBAlIMOHHBIN MTPOEKT — KOMILIEKC HApaB-
JIEHHBIX Ha TOCTUXXEHUE SKOHOMUYECKOTO 3¢ deKTa MepOnpUsITUIA MO OCy-
ILIECTBJICHUIO UHHOBAIMIA, B TOM YUCJI€ MO KOMMEpLHUAIU3AUNA HAYYHBIX
U (WIM) HAyYHO-TEXHUYECKUX DPe3yibTaToB». M3 aHanm3a MpUBEIEHHBIX
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Pasdea 1

oTpeNieIeHUI CIIeyeT, YTO ISl TOTO, YTOOBI TOBOPUTH 00 MHHOBAIIUY He-
00XOAMMO BBITIOJTHEHUE TIETIOYKU «MHBECTUIIMN — pa3paboTKa — MPOIECC
BHENIPEHUSI — TTOJIyYeHNE KauyeCTBEHHOTO YJIydllieHus». TakuM o0pas3om,
WHHOBAlIMS — 3TO HE BCSIKOE HOBIIECTBO MJIM HOBOBBEIEHUE, a TOJHKO
Takoe, KOTOPOe CYIIECTBEHHO TOBHIIIAET 3(h(heKTUBHOCTD AeHCTBYIONIEH
cucteMbl. [Ipy 3TOM MHHOBAIMS HE SIBISIETCSI MHHOBAIIMEH O TOTO MO-
MEHTa, TI0Ka OHa YCIIeIITHO He BHeIpeHa M He Havyajia TPUHOCUTD TIOJIb3Y.

Takum 00pa3oM, MpUMeHEHWEe WHHOBALIMiI CTAHOBUTCS CYIIECTBEH-
HOI YepToil pa3BUBAIOIIMXCS I9KOHOMUYECKUX oTpaciieit Poccuu, B Tom
YUCJIe ¥ OTPACTU TeJIEKOMMYHUKAIINH.

1.2. PaaunoTexHm4uecKme CuCcTeMbI:
OCHOBHBIE ITapaMeTPhI ¥ XapaKTepUCTUKN

1.2.1. B m. 1.1 6bIIO TIOKa3aHO, YTO MHMOPMALMOHHBIE TEXHOJIO-
TUU OTHOCSITCSI K OCHOBHBIM TEHICHIIMSIM MUPOBOTIO TEXHOJIOTHYECKO-
ro pa3BUTHSI B OMrpKaitiiieM OyIyIlleM, YTO OIIPEACNIMIIO BBIICICHUE X
IIpaBurensctBoM Poccuiickoit denepaiinym B IMIPpUOPUTETHOE HAIIpaBlie-
Hue [1.4]. BHenpeHne nH(MOKOMMYHUKAIIMOHHBIX TEXHOJOTHI B pa3Ind-
HBIE 00JIACTU YETOBEUYECKOM AESITEIbHOCTU MPUBOAUT K M3MEHEHMIO 00b-
€MoB nepeaaBaemMoii nHbopmanuu. Tak, 1o faHHBIM [1.6] OHM eXerogHo
Bo3pacraioT Ha 10—15%. Cka3aHHOe Bblllle O0yC/IaBIMBAET IOBBIILIEHUE
TpebOBaHUI K CHCTeMaM, OOECIIeUNBAIOIINM IIepeaady HHGOPMAaIUU 10
OIHOMY M3 BUIOB KaHAJIOB IIepeaadrl — paaroKaHamy, T.c. K paIuoTeXHU-
YyecKMM cucTeMaM. Tak, MosIBsieTCsl He0OXOAUMOCTh Pa3pab0TKU HOBBIX
CHCTEM, B OOJIBIIICH CTEIICHU YIOBJIETBOPSIIOIINX TPEOOBAHUS TOIyYaTEIs
nHpopmaumu. [1pu 3ToM paspabaTbiBaeMble CUCTEMBbI JODKHBI 001a1aTh
JIVYIIAMU TI0Ka3aTeISIMU KadecTBa 110 CPAaBHEHMIO C CYIIECTBYIOIIMMU,
a Takxke OoJiee IMMPOKUMM (DYHKIMOHAIBHBIMU BO3MOXHOCTSIMM. LISt
TOT'O YTOOBI MOXXHO OBLIIO IIPOIEMOHCTPUPOBATH BO3MOXHOCTH IIPUMEHE-
HUsI MHHOBALIMI IIPH pa3pab0TKe pamrMOTeXHUYECKUX CHUCTEM, IIPUBEIEM
M3BECTHBIE TTOJIOXKEHUSI TEOPUU paIUOTEXHUUYECKMX cucTeM 3 [1.9—1.19].
HaunéMm ¢ MoHSATHIT OCHOBHBIX IapaMETPOB M XapaKTePHCTUK PaalOTeX-
HUYECKUX CHCTEM.

1.2.2. Pamnotexunueckue cucrteMsl (PTC), oTrHocsmmecs, Kak u3-
BecTHO M3 [1.9—1.12], K Kiaccy nHGOPMALIMOHHO-YIIPABISIONINX TEXHU-
YeCKHUX CHCTeM, NpeaHa3HaYeHHBIX IS M3BJICYCHUSI, TIepeaady WIN pa3-
pylIeHus MHOOPMAIIUK ¢ TIOMOIIBIO PaaNOBOJIH, IIUPOKO UCIIOIB3YIOTCS
IMPaKTUYECKM BO BceX cdepax IMOBCEMHEBHOM NesITEIbHOCTH. B mmpokom
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CMBICTIC PaIUOTEXHUIECKOM CHCTeMOI Ha3bIBAlOT COBOKYITHOCTH PamHoO-
TEXHUYCCKUX KOMIUIEKCOB, BBITIOJHSIONINX OOIIYI0 3agady M paboTaro-
IIMX BO B3aMMOYBSI3aHHON MH(MOPMAIITMOHHON CEeTH.

Krnaccnpukamst pagnoTeXHIIECKNX CUCTEM OCYIIECTBIISIETCS 110 He-
CKOJIBKMM TIpr3HaKaM. Tak, 1o Mpu3HaKy Ha3HauYeHUs pa3InJaloT:

— CHCTeMBI Iepeadr MHGOPMAIIUY 110 pagroKaHaIaM (CUCTEMBI paay-
OCBSI3U, TEIEMETPUH, TIepeIaull KOMaHI, paIroBeIIaH!s W TCJICBUICHNS);

— CHCTeMBI U3BJICUeHUS MH(MOpMaun (PagruoJIOKAIIMOHHBIC W paau-
OHABUTAIIMOHHBIE CUCTEMBI, CUCTEMBI PaguOaCTPOHOMUM, paguopas3BeI-
KH pagloOTEeXHUIECKUX CPEICTB IPOTUBHUKA);

— CHCTEMBI pa3pylIeHus NHGOPMaIIH,

— CUCTEMBI PamTrOyIIPaBICHMSI.

IIpu xraccuUKauy Mo BUAY UCIIOIb3YeMbIX CUTHAIOB BEIICIISIOT

— HeTIpephIBHBIE CUCTEMBI (MH(MOpMaIsI 0TOOpakaeTcs IpUMeHEHH -
€M rapMOHUYECKOTO CUTHAJIA);

— UMITYJIbCHBIE CUCTEMBI (C TIOCTIENOBATEIBHOCTHIO PATUOUMITYJIBCOB);

— unudpoBEIe CUCTEeMBI (IS Tepemadr MCHOIb3YIOTCS ITUMPOBHIE
CUTHAaJbI).

ITo cBoeMy cocTaBy paIMOTEXHUUECKHIE CUCTEMBI SIBJISTFOTCST CJTIOXKHBI -
MM CHUCTEeMaMU W MOTYT OOBEAMHSITH COBOKYITHOCTh PaTMOTEXHUIECKUX
CHCTEM BTOPOTO YPOBHSI.

1.2.2. B obGmieM Buae CTPYKTYpHAasI cXeMa pPaIlOTeXHUUYECKOM CHCTe-
MBI UMEET BUII, TTOKa3aHHbIN Ha puc. 1.3.

Kak ciemyer 13 maHHOTO pUCYHKA, OCHOBHBIMU 3j1eMeHTamMu PTC aB-
nsrotes [1.9—1.12]:

| ITepemaTaHk 1
[ I
i Her - Kopmep : » PagmokaHan
| mpopramm |
e mmmmmmmmm e d )
o Tipwémmmk )
1 I
|
| | Tlomysarens - Heroumnxk
I
I

HH(pOPMALTHH - moMex

Puc. 1.3. CtpykTypHas cxema paTuOTeXHUUECKON CUCTEMBI
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— MepenaTyuK, BKIIIOYAOIIUMI UCTOYHUK UH(pOpMALIMKU U KOAEp, Tpe-
00paszyoiuii HGOPMALIUIO B CUTHAT,

— pagvoKaHaJl, B KOTOPOM MOTIYT CYIIECTBOBaTb MOMEXHU, CO3/1aBae-
MbI€ B CTPYKTYPHOI CX€M€ MCTOYHUKOM IMOoMeX (aTtMochepHbie MOMeXHU
B pauOKaHajle, MOMEX!U OT CTOPOHHUX PAIUOCPEICTB U DJIEKTPOYCTAHO-
BOK DPa3/IMYHOTO HAa3HAYEHUS, COOCTBEHHBIE IIYyMbl B PaIUONPUEMHOMN
anmnapaType Ha Nepeaaroleii 1 IpueMHON CTOpOHAax);

— NPUEMHUK, O0OBETUHSIOIINUI B CBOEM COCTaBE NEKOAEP, Mpeodpasy-
IO CUTHAJ B COOOIIEHNE, U TTOoTydaTesss MHGOpMalliu.

1.2.3. Ing onmucaHus CBOWCTB M BO3MOXHOCTEW pagMOTEXHUYE-
CKUX CHUCTEM HCIIOJb3YIOTCS CleAylollue mnapaMeTphl (T.e. dusuye-
CKUE€ BEJWYUHBI, OMUCHIBAIONIAE KOJWYECTBEHHO CBOWCTBO CHUCTE-
MBI, Mpollecca WU SBJIEHUSI) U XapaKTePUCTUKHU (Tpaduueckue Wiv
TaOJIMYHbIE BBIPAXEHWS 3aBUCUMOCTU OJHOrO TapaMmeTpa OT Jpy-
roro) [1.9—-1.13]:

— Ha3HayeHWe (BblOaBaemass WHbOpMalUs, MHOTOMYHKINOHATb-
HOCTb, UTH(OPMAIIMOHHBIE XapaKTEPUCTUKH, KOJIMYECTBO U CKOPOCTH BbI-
Jlayn uH(opMalnu, NpornyckHass CHOCOOHOCTb U T.11.);

— IMaIa3oH 4acToT, 3aHuMaeMbix PTC;

— TOYHOCTb (CTENEeHb UCKAXEHUS UH(POPMALIUN);

— paspemiaroiasi crmocodHocTh (cBoiictBo PTC pa3nensTe U He3aBU-
CUMO BOCHPUHUMATh MHGMOPMALMIO TIPUA CABUTE PAIMOCUTHAIOB IO 4Ya-
CTOTe, 3a[IepXKKe, HAPABICHUIO TPUXOAS PATUOBOJIH);

— JATbHOCTD JACUCTBUS U HAITPABJIEHHOCTD MTPU 3aIaHHOU TOYHOCTH;

— MOMEXO3AIUIIEHHOCTD (BKJIIOYAET CKPBITHOCTh Y TOMEXOYCTONYM -
BOCTb U MPECTABIISIET CIIOCOOHOCTh CUCTEMBI CBSI3U MPOTUBOCTOSITh BO3-
JIEUCTBUIO TIOMEX);

— CKPBITHOCTB (CITOCOOHOCTh MPOTUBOCTOSITH OOHAPYKEHUIO U U3ME-
PEHUIO MapaMeTPOB);

— MOMEXOYCTOMUYUBOCTD (crtocodHocTh PTC mpoTUBOCTOSATh MellIato-
LIEMY BO3AEHCTBUIO IOMEX);

— 3yieKTpoMarHutHass coBMecTuMocTb (BDMC) (BO3MOXHOCTh CO-
BMECTHOTO (PyHKIIMOHUPOBaHUS ¢ Apyrumu paauocpenctsamu u PTC);

— YCTOMYMBOCTbh MPOTUB BHEUIHUX BO3AEUCTBUMN U HAEXHOCTD al-
napartypsl;

— (yHKUMOHATbHAS HAIEXHOCTh (BEPOSITHOCTh 00ECTIEYeHUST OCHOB-
HBIX MOKa3aTesjell KauecTBa MPHU 3aJaHHBIX YCIOBUAX (DYHKIMOHUPOBA-
HUS U UCTIOJb30BaHUSA);
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— CTOMMOCTD (3aTpaTbhl Ha MPOEKTUPOBAHUE, U3TOTOBJIEHUE U 3KC-
TUIyaTaluio);

— Macca 1 rabaputsl, NOTpedisieMast MOLIHOCTb.

XapakTepUCTUKHU PATUOTEXHUUECKUX CUCTEM Pa3IesIOTCS Ha TaKTHU-
yeckue u texuudeckue [1.9—1.12]. Taktuueckre XapaKTepUCTUKU OIpe-
JesoT ¢pyHKIIMOHaAbHbIe Bo3MoxHocT PTC:

— BEPOSITHOCTh MPAaBUIBHOTO OOHAPYXKEHUS 1IEJIU U JIOKHOU TPEBOTH;

— pabouag 3oHa PTC (wyacth mpocTpaHCTBa, B KOTOPOU cucteMa
obecrneunBaeT MmokKa3aTeau KauyecTBa HE XyXKe 3alaHHBIX, T.€. TaJIbHOCTh
nericteust PTC);

— pa3zpeniaroiasi CtocOOHOCTB;

— MOMEXOYCTOMYMBOCTB;

— MEPCIEKTUBHOCTH (cnmocodHocTh PTC B TeueHUE IUTEIBHOTO Bpe-
MEHU YIOBJIETBOPSATH MOTPEOHOCTSIM OOIIECTBA).

K TexHnyeckum xapakTepuCTUKaM PaIUOTEXHUYECKUX CUCTEM OTHO-
carcs [1.9—1.13]:

— MeTOoabI 0030pa paboueii 30HbI U OMpeAeSIeHUs KOOPAWHAT LIENH;

— BUJ UCIIOJIb3YEMbIX CUTHAJIOB, IIMPUHA CIIEKTpa, paboyre YacTOTHlI,
X CTAOWJIBHOCTD, MOIITHOCTh MEPENA0IIEero YCTPOMUCTBA;

— YyBCTBUTEJBbHOCTb, JUHAMUWYECKUI AUAMA30H U TOJIOCA MPOITyCKa-
HUS IPUEMHUKA;

— ¢opMa U MKUpUHA JUarpaMMbl HATTPABJIEHHOCTU aHTEHH, UX KOA(d-
(puLMeHT HanpaBIEHHOTO NEUCTBUS.

B GobIMHCTBE CBOEM MEPEYUCIICHHBIE BBIILIE TAPAMETPHI U XapaKTe-
PUCTHKHU PAAUOTEXHUYECKUX CUCTEM SIBJISIIOTCS U TTOKA3aTesIMU KauecTBa.
J71s1 X 3HAYEHUI CYLIECTBYIOT OTPAHUYEHUS, a MEXITY PSIIOM OTIEJIBHBIX
MapaMeTpoB U XapaKTEPUCTUK, KPOME TOTO, CYLIECTBYIOT U TPOTUBOPEUUSI.
OrpaHuyeHust 0OBIYHO OOYCIOBJIEHBI OCOOEHHOCTSIMU PACHPOCTPAHEHUS
PaIMOBOJIH PA3JIMYHBIX YACTOT, KOHEYHBIMU pa3MepaMy 00JIACTH pa3Melie-
HUS anmnapaTypbl Ha MOABMKHBIX 00BEKTaX, OCOOEHHOCTSIMU TEXHUYECKOTO
0o0cTyXMBaHUS anmapaTypsl U T.1. [IpoTuBopeuns ke HabaoaatoTCs MEXTY
napaMeTpamMy M XapaKTepUCTUKAMHU, OMUCHIBAIOIIUMU MTPOTUBOMOIOXHBIE
cBoricTBa. Hanpumep, mpomnyckHasi CIOCOOHOCTh MPSMO MPOMOPLIMOHATb-
Ha 00beMy TiepeqaHHOU MHMOPMALINK, a TIOMEXOYCTOMYMBOCTh — OOpaTHa
MpOINOpIMOHaIbHA. B TO Xe BpeMs TpeboBaHUe 00eCTieYeHUsI MaKCUMaslb-
Horo obwema nepeaaBaeMoil UHGOPMalMK NpU BEICOKOM KauyeCTBE U3BJIe-
yeHus1 HGOPMAMU CTAHOBUTCS HE TOJIBKO O0s13aTelIbHBIM, HO U Oojee
JKECTKUM JIJIS1 COBPEMEHHBIX PATUOTEXHUYECKUX CUCTEM.
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1.3. IlokasaTean KadecTBa PyHKIIMIOHMPOBaHNS
paaMoTeXHIIeCcKMX CUCTeM

1.3.1. OcHoBHoOI 3agayeii Mpu pa3padoTKe paauoTeXHUYECKHUX CUCTEM
SIBJIIETCS MOJyYEHUE HAWTYYIIUX XapaKTEPUCTUK IS 3aJaHHBIX YCIOBUI
e€ paborsl [1.12]. B kauecTBe KpUTepUsi ONTUMU3ALUU OOBIYHO TPUMEHSI -
ercs 3(p(PeKTUBHOCTb CUCTEMBI, MO KOTOPOU, Kak ciaenyeT u3 [1.12], mo-
HUMaeTcs KOJMYECTBEHHAs! XapaKTEepUCTUKA KAayeCTBA BBIMTOJIHEHUS CU-
CTeMOM 3afaHHBIX (YHKIMI, OTHECEHHAs K 3aTpaTaM (3HEPreTUYECKUM,
MH(MOPMALIMOHHBIM U 3KOHOMUYECKUM).

ITockonbky ocHoBHBIE TapameTpbl PTC nMeloT BEpOosSITHOCTHBIN (CTa-
TUCTUYECKUIA) XapakTep, TO JJIS aHaIu3a U CUHTE3a PalUuOTEXHUYECKUX
CHUCTEM TIPUMEHSIETCS CTaTUCTUYECKUIl monmxofd. [JaHHbIA moaxon maetr
BO3MOXHOCTb OLIEHWUTh MpeebHble 3HAYEHUS OCHOBHBIX IMapaMeTpOB
PaIMOCUCTEM M HAUTU ONTHUMAJIbHbIE TEXHUYECKUE PEIIeHUs IS MpU-
ONMXKEHUS K 3TUM 3HAYCHUSM.

1.3.2. Tlpu permieHun 3aa4 ONTUMUBALMU PAAUOTEXHUYECKUX CUCTEM
PaIMOCUTHAJ, TIOJyJYaeMbIii B pe3yabTaTe MOAYJISIUUU (MAHUMYJISLIMN)
MEePBUYHBIM CUTHAJIOM BBICOKOYACTOTHOTO KOJEOaHUS, OOBIYHO Ipea-
CTaBJIIETCS B BUJIE Y3KOITOJIOCHOTO TMpoliecca, ONMChIBAEMOI0 B BUJIE KBa-
3UrapMOHMYECKUX KoJjiebanuit [1.9—1.12]:

s(1) = 8(7) cos(ay? + D)), (1.1)

roe S(¢), ®(f) — orubdaromasg u dasa npoliecca, OMUCHIBAIOIIETO MHPOP-
MallMOHHOE COoo0LIeHHe; w, = 2nc/A ), D(f) — UMKIMYECKash YacToTa U Ha-
yajibHasl (ha3a BBICOKOYACTOTHOM Hecyiweit; ¢ = 3-10% M/c — cKoOpocCThb CBe-
Ta; A, — JUIMHA BOJIHbI BHICOKOYACTOTHOTO KOJeOaHusl. DIEKTPOMarHuTHOE
KonebaHue Hecyllel XxapakTepu3syeTcs nojspusanueii [1.14, 1.15].

B kayecTBe xapaKTepuCTUK CHUTHala, MPEICTaBISIONIEro coOoM Ciy-
YaifHBIA TMTpoOLIECC, UCITOB3YIoTC cienytomue [1.13, 1.16, 1.17]:

— JUIMTEIbHOCTD T, CUTHasa,

— CKBaXXHOCTb CMTHAJIa (IJ11 UMITYJIbCHBIX CUTHAJIOB):

0=T/t, (1.2)

rac Tn — Iepuoa IMMOBTOPCHUA UMITYJIbCOB; T, — AJIATCIBbHOCTD UMITYJIbCA,
— JHEPIrusd CUrHaia:

E, = [0y
; (1.3)
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— LIMPUHA CIIEKTpa curHana AF=f —f
HUE CUTHAJIa Ha TIPOTSKEHWU €T0 JUIMTETbHOCTH;
— 0a3a curHasa, SIBJISIOMAsICS TTPOU3BOIHOM OT JJIUTETHHOCTH CUTHA-

Jla 1 IIMpUHA CIICKTpa.

orpeacdronadg moBeac-

B=TAF. (1.4)

B 3aBucuMOCTH OT BeJIMUMHBI 0a3bl CUTHAJA pa3nuyaioT [1.12, 1.13]:

— IPOCTBIC CUTHAJBI, IJII KOTOPBIX B~ 1 (McHBIIE eOIWHULIBI Oa3a
OBITb HE MOXET);

— CIIOXXHBIC CHTHaIBI (IIMPOKOIIOJIOCHBIC, IITyMOITOmOOHBIE). s
HUX B >> 1.

1.3.3. IToMex0OBBIE CHTHAJIBI B 3aBUCUMOCTH OT 3aHMMAaeMOIl CITeK-
TPOM IOJIOCHI YAaCTOT MOTYT OBITb Y3KOMOJOCHBIMUA WJIM IIUPOKOIIOJIOC-
HbIMU. B mepBoM ciiyyae moMexu MpeacTaBIsSIIOTCSl KBa3UTapMOHUYECKUM
KonedanueM Buma (1.1), Bo BTOpOM cilydae IUISl HUX IIPUMEHSIOT CTaTH-
CTUYECKOE OIKMCaHue, BKJIOYalolllee MHOTOMEpPHbIE 3aKOHbI pacrpese-
JIEHUSI, TIOCKOJIbKY TMOMEXOBbI€ CUTHAJIbl MMEIOT MOJIOCY CIEeKTpa, 3Ha-
YUTEJbHO TPEBBIIIAIOINIYIO MOJIOCY CIEKTpa CUTHajla paauoTeXHUYECKOM
cucteMbl. B yacTHOM ciyyae OJHOMEPHYIO ILJIOTHOCTb paclpeAeieHUs
BEPOSITHOCTEM MTHOBEHHBIX 3HAYEHWU MMOMeXU #(f) 4acTo MoJiaraioT rayc-
coBckoii [1.17]:

2
—0,5 —n
p(m)=Q2no,) " exp| -— |- (1.5)

2no

B coorHowmennu (1.5) 6, — aucnepcust IOMeXH, ONpeaessgemMas cpef-
Hell MOIITHOCTBIO (DITYKTyaluii TOMEXH.

IIpu nocrosiHHoOM B nosioce yactoT [0, F| cnekTpaabHOI MIOTHOCTU
noMexu N, BeIWMYMHA CPeIHENd MOLIHOCTH (IYKTyallnid MOMEXW paBHa
csfI = N,F. lllym, npencrapisiolinii co60i KBa3UrapMOHUYECKUIA MpPo-
LIECC C TayCCOBCKMM 3aKOHOM pacIlipeeseHuss MTHOBEHHBIX 3HAUYEeHUI,
MMeeT paBHOMEPHBI 3aKOH pacrpeneeHus: a3 Ha UHTepBaie [—m, 7],

a orubaromas A (1) 1 GUKCMPOBAHHOTO MOMEHTA / MOAYMHSETCS pac-
npenenenuto Pames [1.16, 1.17]:

p(A,) = A, exp (-4 /o) )/ % A, 20. (1.6)
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1.3.4. O6o0061alonM IoKa3aTejeM KadecTBa CBI3U SIBISIETCS OTHO-
meHue curHan/mrym [1.16, 1.17]:

W= BB, (1.7)

rae P, P, — MOIIHOCTH CUTHAJIa U TIOMEXY COOTBETCTBEHHO.

Ha ocHoBe maHHOro mokasatesisi MOXET ObITh OIpenejeHa Koauye-
CTBEHHAasl OlIEHKAa MOMEXOYCTOMUYMBOCTU CUCTEMbl — BEPOSITHOCTb WU
JIOCTOBEPHOCTh MPUHATOTO coobieHus [1.16], KoTopast I1sl IUCKPETHBIX
COOOIIIEHUI Ha3bIBaeTCS BEPOSITHOCTHIO OIIMOKM P:

P=f(h). (1.8)
1.3.5. I[Ipn onmcaHuM KadecTBa IpHEMA UCIIOJIB3YIOT TIOHSTUS We-
aJJbHOTO Y ONTUMAJIBHOTO MpHEMHHMKA. ONTUMAIBHBIM MNPUEMHUKOM
Ha3BIBAIOT MIPUEMHMUK, ST KOTOPOTO BBI3BaHHBIE TTOMEXaMU MCKaXKCHMS
MPUHSITOTO CUTHAJIa MUHUMAJIbHBI B OTpene€HHOM cMbicie. Kpurtepuu
WCKAXKEHUM 3aBUCAT OT Ha3HAYCHMST PAIUOTEXHUUECKOU cucTeMbl. I1pu-
€éMHUK, OOecneuyMBalolIUuiAi MUHUMYM CpeIHEil BepOSITHOCTU OILIMOKM
(MakCUMyM BEpOSITHOCTH IIPaBWJIBHOTO IIpME€Ma CHUTHaja), Ha3bIBaeTCS
uneanbHbiM [1.16—1.19]. [Ipu 3TOM NOMEXOYCTOMYMBOCTH TAKOTO MPUEM-
HUKa IIPUHSTO CYUTATh MOTCHIIMATBLHOM.
[Ipu nmpuéMe cCUrHaJIOB PATUOTEXHUICCKUMHU CUCTEMaMM PEIIaroTCs
crnenyromue 3agayu [1.18]:
— ONTUMaJIbHOEe OOHApYXEeHHE U Pa3IMICHUE CUTHAJIOB Ha (hOHE TTOMEX;
— OlLICHKA HEM3BECTHBIX MapaMeTPOB CUTHAJIA, ACHCTBYIOIIETO B CME-
CH C TIOMEXOM;
— pa3pelieHre HECKOIbKUX CUTHAJIOB;
— ONTUMAaJbHasl (PUIBTPALIUS COOOIICHMI, COACPKAIIMXCS B TIPUHM-
MaeMbIX CUTHaJIax.
PaccMoTpuM MoCcTaHOBKY MEPEYNCICHHBIX 3a1a4.
3amaya 0OHAPYKEHMS CUTHAJIa B TIPUHSITOM KOJICOAHUY TUTTMIHA IS CU-
cTeM panuonokaiu. B Helt monaraetcs, 4To B MPUHSITOM KosebaHuu &(f) He-
m3BecTeH dakT Hammuams (A = 0) i orcyTeTBus (A = 1) curHana s(z, A) [1.17]:
E(f) =As(t, \) + n(r), t € [0, T). (1.9)
Tpebyercs 1o npuHATON peanuzanuu &(f) Ha uHTepsaie [0, 7] Hau-
JIyYIIM 00pa3oM BbIpadOTaTh pellleHue O HATMYMU WA OTCYTCTBUM CUT-
Hasa. Ha ocHOBe BBIOpaHHOTO KPUTEPHUS IOKHO OBITH OINpPENeSIeHO OIl-
TUMaJbHOE TIPaBWIO (AJITOPUTM) OOHAPYKEHUSI, TIOCTPOCHA CTPYKTYpHas
cXeMa U BBITIOJTHEHA OlleHKa KauyeCTBEHHBIX MoKa3aTeseil oOHapyKeHuUs.
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3amaya pa3iuvYeHUs] CUTHAJIOB TUIWYHA JUISI PAJUOTEXHUYECKUX
cucteM mnepegauyu nuHdbopmauuu. B Heil mpeamonaraeTcs, 4TO B MpU-
HATOM KoJiebaHuM &(f) MMeEETCA ONMH M3 JABYX CUTHAJOB s(f, X))
unu s,(¢, A,) [1.18]:

&0 =2s,(1, ) + (1 = Vs, (8, 1) + (), 1 < [0, T]. (1.10)

Tpebyetcs 1o npuHSTON peanusanuu &(f) Ha untepsaie [0, 7| Hau-
JIydIIM 00pa3oM BbIpabOTaTh pelleHWE O HaJWYUMU WM OTCYTCTBUU
curHasia. Ha ocHoBe BBIOpAaHHOIO KPUTEPUSl JAOJKHO OBITH OMpeneaeHO
ONTUMaJbHOE TMPaBWIO (AJrOPUTM) PELIeHUs O MPUCYTCTBUM CHUTHaja
s,(2, &) win s,(7, X,). B 4aCTHOM citydae OTCYTCTBUS BTOPOTO CUTHAJIA 3a-
Jlaya CBOIUTCA K OOHapYXeHUIO CUrHana s, (4, A,).

3agaya OlIeHKU MTapaMeTpOB CUTHAJIA SIBJISIETCS TUITUYHOM JUISI CUCTEM
paguosiokaliuu U paavoHaBurauuu. Ilpu dopMmynnpoBKe 3agauyu CUM-
TaeTCsl, YTO OJMH U3 TapaMeTpoB ), curHana s(, X) SIBJISIETCST CIyJaiitHOM
BEJIMUMHOM, alpUOpHasl TUIOTHOCTh BEPOSITHOCTHU ppr(ki) KOTOpPOTO W3-
BecTHa. [lapameTp A, mpeacTasisieT cOO0M OMH U3 KOMIIOHEHTOB BEKTOpA
A={AL Ao Ay, A

TpebyeTcss ¢ MUHUMAJIBHON ITOTPEIIHOCTBIO OIPEHCINTh 3HAUYCHUS
napamerTpa A, 1o npuHAToi Ha mHtepBane [0, 7| peanusaumu (7). [lpu
3aBHCHUMOCTH CHTHAJla OT HECKOJBKUX CIyJIaifHBIX WHOOPMAIIMOHHBIX
mapaMeTpPOB BO3HHMKACT 3aJada COBMECTHOTO MX OlleHMBaHMS. Ha ocHOBe
BBIPAOOTAaHHBIX AJITOPUTMOB HEOOXOIMMO ITIOCTPOUTD CTPYKTYPHYIO CXeMY
OIITUMAJIbHOTO MU3MEPUTEJIS ITApaMETPOB CUTHAIA U OIIPEACINTD TOYHOCTD
OILICHUBAHMUSI.

3agava (WIBTpalliy COOOIIEHN BO3HMKAET B OOJIBIIMHCTBE Pagro-
TEXHUICCKUX CHCTEM, B KOTOPBHIX HEOOXOOMMO BBIICICHHUE HEIIPEPHIB-
HBIX COOOIICHUI WM U3MEpPEeHNE MEHSIOIINXCSI BO BpEeMEHH ITapaMeTPOB
curHaiIoB. 3amada (opMmynupyercs: ciaemyionuM odpa3om. [lycTs curHanm
s(#, \) 3aBUCHUT OT HEKOTOPOTO MH(OPMALIMOHHOTO MapamMeTpa A, ABJISIO-
LIETOCA CITyJaifHOM (DYHKIMEN OT BPEMEHH A (f) C U3BECTHBIMU CTATUCTH-
YeCKMMU XapaKTepUCTUKaMH. JIJIsI TOMeX0BOTO CUTHaIA #(f), SIBJISIOIICTO-
cs cayJaifHO# (DyHKIIMEH OT BpeMEHH, TaKKe M3BECTHHI CTATUCTUICCKIE
XapakTepucTuku. Tpedyercss u3 mpuHATON cMecu &(f) BBIIETUTh HAVITYd-

MM 00pasoM coobIleHHe A(f), T.€. TIOIYYUTh OLEHKY 7‘5 () peanuzauuu
uHbopMalnroHHoro mapameTpa. Ilpu manoM maMeHeHuM mpouecca A(f)
3a BpeMs T huiIbTpalysi CBOAUTCS K 3aaue OLIEHKM apaMeTpa.

20



Pasdea 1

3agaya paspellleHus CUTHAJIOB BO3HUKAET B CUCTEMAaX PaauOCBS-
3u U paauopasBenku. [Ipu sToM mpenmnosaraetcsi, YTo cMech &(f) mpen-
CTaBJIIET CyMMY MTOMEXHU 71(f) U HECKOJIBKUX (B pacCMaTpUBAeMOM ClIy4yae
IBYX), BO3MOXHO, HAJIaralolIuxXcs CUTHATIOB s (7, A, A,) U 5,(Z, &, X,), 3a-
BUCSIIIMX OT HECKOJIBKUX NTApaMeTPOB, B YACTHOM pacCMaTPUBAEMOM CJIy-
4yae oT JBYX:

EBD =N (5N, N) T As (8 A, \) +n@),te(0,T]. (1.11)

I[Ipn BO3MOXHOCTH OTHOBPEMEHHOTO TIPHCYTCTBUSI B CMECH OBYX
CUTHAJIOB (hOPMYJIMpYeTCsl 3amavya MX pPas3nebHOro OOHApyXeHUS WU
pasfenbHOro OOHAPYXEHM C OLEHKONM 3HAaYeHMI mapaMeTpa A, B 000MX
curHanax. I1py 3TOM TIepBBIi CUTHAJ CYMTACTCST pa3pellIEHHBIM B CMBICITE
OOHapyXeHus (T.c. OLEHKM MapaMeTpa A,), eClIi MoKas3aTen OOHapyxe-
HMs (OLEHKU MapaMeTpa A,) IE€PBOro CUrHajaa OCTalOTCA BbILIE JOMYCTH-
MBIX B TIPUCYTCTBUH CITYYaifHOTO BTOPOTO cUTHaja. Eci mpu 3TOM paspe-
IIaeTcs ¥ BTOPOIl CUTHAJ TP HAJTMIWHU TIEPBOTO, TO TOBOPSIT O B3aUMHOM
paspelieHry B CMbICIIE OOHAPYXeHUs (OLEHKH mapameTpa A, ).

Takum 00pa3oM, IIpUBEICHHEBIC B TAHHOM pas3zielie COOTHOIIECHUS T10-
3BOJISTIOT OIMKMCHIBATH OCHOBHBIE XapaKTEPUCTUKHU PaTUOTEXHUISCKUX CH-
CTEM M JaBaTh KaYeCTBEHHYIO OIICHKY KaueCTBa U3 (DYHKIIMOHUPOBAHHUSI.

1.4. BerBoabr

1.4.1. Ananu3 ponrocpoyHoro «ITporHo3a HaydHO-TEXHUYECKOTO pa3-
BUTHSL...» TOKA3aJl, YTO

— B Omkaiiieid M OTHAIEHHOM TepCIeKTBE OCHOBHBIMU (haKTopa-
MM MMPOBOTO 9KOHOMMWYECKOTO Pa3BUTHUSI OCTAHYTCSI TIPUPOIHBIE Pecyp-
ChI, BHeprusi, MHOPMAIIMOHHBIE TEXHOJIOTHH, TEXHOJIOTUM IHEPTO- U pe-
cypcocOepexXeHus, JTIOACKUE PECYPChl U TEPPUTOPUS;

— Ka4eCTBEHHBI! CKAa4OK B Pa3BUTUM 3KOHOMUKU CBSI3aH C CO3IaHU-
€M TeXHOJIOTUI Ha HOBBIX (DU3NUYECKUX TIPUHIIUIIAX, a TAKXKe NU3MEHEHUEM
MaciTaboB obpabdarbiBaeMoit MHGOPMAaLIMU.

1.4.2. BoIMOJHEHHBI aHAJIU3 PE3yJbTaTOB WCCIECAOBAHUNA pPa3BUTUS
POCCHUICKOI SKOHOMUKHU MOKa3ajl, YTO MPeoJoJIeHe MOCIEACTBUN KpU-
3uca 1990-x rogoB MOXeT ObITh TOCTUTHYTO MPU UCIIOJb30BAHUM MHHOBA-
LIMOHHOTO CIIeHAPUsT Pa3BUTUSI SKOHOMUKMU.

1.4.3. OcCOOEHHOCThIO JAHHOTO CLIEHAPUS SIBJISIETCS TPUMEHEHUE TeX-
HOJIOTMYECKUX MPOPHIBOB (WJIM CO3MaHUE OMEPEXAOUIEro HaydYHO-TeX-
HUYECKOTO 3ajesia) B LEeIsIX pa3paboTKy MPUHIUIUAIBLHO HOBBIX BHUIOB
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MaTepuayioB, MPOAYKIIUHU, OOJAJaoIIUX paHEe HEe MOCTMKUMBIMU BO3-
MOXHOCTSIMU, a TAKXKE TEXHOJOTUM, (OPMUPYIOLIUXCS HAa CTHIKE pa3inyd-
HBIX TIPEIMETHBIX O0JIaCTeM:

— BOOJIaCTU SHEPreTUKU — JOCTVKEHUE TEXHOJOTUSIMU aJIbTep-
HAaTUBHON (BOJOPOJHOW SHEPreTUKU, WCMHOJb30BAHUS SHEPTrUM BETpa,
COJIHLIA, IPWIVBOB U WHBIX BO30OHOBJISIEMBIX UCTOYHUKOB) SHEPIeTUKU
5KOHOMUYECKU MPUEMJIEMBIX TAPAMETPOB;

— B 00J1aCTU MPUPOAOOXPAHBI — CUCTEMHbIE U3MEHEHUSI B TIPUPOJIO-
OXpPaHHOU NEeATeIbHOCTH, MO3BOJISIIONIME YMEHBIIUTh TEXHOTEHHOE BO3-
JelictTBue Ha buochepy 3emiu;

— B 00J1aCTU MaTepUATIOBEACHUS — IIMPOKOE NMPUMEHEHNE KOMITO3U-
ILIMOHHBIX MAaTEPUAJIOB C 3apaHee 3aJaHHbIMU CBOMCTBAMU;

— B OOJIaCTU TEXHOJIOTUII — (HOPMUPOBAHUE DPBIHKA HAHOTEXHOJIO-
TUli, IepexXo], OT MUKPOJIEKTPOHUKU K HAHO- U ONTORJIEKTPOHUKE KakK
HOBOMY «SIpy» WH(MOPMAIIMOHHBIX TEXHOJIOTUIA; pa3BUTHUE MAacCCOBBIX
CyNEepPKOMIBIOTEPHBIX TEXHOJOTUI MpPencKa3aTeJIbHOrO MOAEIUPOBAHUS
U BUPTYaJbHOTO MPOTOTUIUPOBAHUS; (HOPMUPOBAHUE TI0OATBHBIX WH-
(hOKOMMYHUKAIIMOHHBIX CETEM.

1.4.5. Heob6xommMocCTh pa3pabOoTKM BXOISIINX B MH(POKOMMYHUKAIIN -
OHHBbIE KOMIUIEKCHl PaJUOTEXHUYECKUX CHUCTEM C JIYUIIUMU IO CpaBHE-
HUIO C CYLIECTBYIOIIMMM MOKa3aTeIsIMU KauyecTBa, a TaKxke 0oJiee IIUpo-
KUMU (QYHKIIMOHATBHBIMUA BO3MOXHOCTSIMU OOYCJIOBJIEHO W3MEHEHUEM
00BbEMOB OOMEHMBaeMOI UH(pOpMaLIN.
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1.2. SIxoBenr 0. O coyeTaHWM HOJATOCPOIHOTO MPOTHO3UPOBA-
HHAS ¥ CTpaTernyeckoro InraHumpoBaHus: [CailT DKOHOMHYECKHU
nopran]: [BaexTtpoHHHEINH pecypc]: URL: http://institutiones.com/
strategies/1088-0-sochetanii-dolgosrochnogo-prognozirovaniya-
i-strategicheskogo-planirovaniya.html (mara obpaleHus:
20.06.2015 ).

1.3. ®enepanbubiii 3akoH o1 21.07.2011 1. Ne 254-D3 «O BHeceHUU
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2. IPMMEHEHUE AAbTEPHATUBHBIX NCTOYHNKOB
OHEPTTIN A/151 ABTOHOMHOI'O 2/IEKTPOCHAB KEHVISI
BA3OBBIX CTAHII M COTOBOM CBsI311

Pyoenxo H.B.

Annomauus — Paznen TMocBsillieH pa3pabOTKe TeXHUUYECKHUX PeKOMEHa-
LU O TPUMEHEHUI0 KOMOWHUPOBAHHBIX COJTHEYHO-BETPOBBIX SHEPIeTH-
YeCKHX YCTAHOBOK [IJISI aBTOHOMHOTO 3JICKTPOCHAOXEHHUSI 0a30BBIX CTaHIIMIA
COTOBOM CBSI3U.

IlokazaHo, 4TO CO3AaHME IHEPreTUYECKUX YCTAHOBOK Ha OCHOBE allb-
TEPHATUBHBIX MCTOUHUKOB IHEPTUM IS aBTOHOMHOTO 3JIEKTPOCHAOXKEHUS
06a30BbIX CTAaHLIMI COTOBOM CBS3M JOJKHO MpeaycMaTpUBaTh: BBIOOP THUIT UC-
TOYHUKA; BbIOOpa MecTa pa3MeIleHUs] IHEePreTUUeCKOl YCTAaHOBKM; aHAaIu3
U3BECTHBIX TEXHUYECKUX PEUICHUI; pa3pabOTKy TEXHUUECKUX PEKOMEHIALUI
10 CO3MAHUIO CTPYKTYPHOM CXeMbI SHEPTETUYECKOI YCTAHOBKHU U aJITOPUTMOB
e€ (YHKIMOHMpPOBaHMS. BBHIMOJHEHHBIM aHAIM3 KIMMATUYECKMX YCIOBUIA
PocToBcKoOi1 06;1aCTH TTO3BOJIWI ClIeIaTh BBIBOJI O 11€JIeCO00Pa3HOCTH MCTIOJb-
30BaHUSI KOMOMHUPOBAHHBIX COJIHEUHO-BETPOBBIX 3IHEPreTUYECKUX YyCTa-
HoBOK. [lpemnoxkeHa CTpyKTypHasl 3JieKTpUYecKasi cXxeMa TaKOi yCTaHOBKH,
MO3BOJISIIONIAS TTYTEM aMalTUBHOTO YIIpaBJIEHUsI pexXuMaMu paboThl C yde-
TOM o0ecreyeHus1 bajlaHca MOILHOCTEN MeXAy UCTOYHUKAMU U MPUEMHUKA-
MM TIPU TEKYIIUX MOTOAHBIX YCIOBUSIX, OOECIIEYUTh NOCTUXKEHUE TPEOYeMBbIX
SHEPTeTUYECKUX XapaKTePUCTUK.

Karouesvie caosa — AJIbTCPHATUBHLIC UCTOYHUKU SHCPIUMH, KOM6I/IHI/IpO-
BaHHadA COJIHEYHO-BETPOBasd SHEPTETUYCCKAasA YCTaHOBKaA, aJallTUBHOC yIIpaB-
JICHUC.

2. ALTERNATIVE ENERGY SOURCES FOR CELLULAR
BASE STATION SELF-GENERATED POWER SUPPLY

Rudenko N.V.

Abstract — The work is devoted to technical recommendations develop-
ment on combined solar and wind power stations for cellular base station self-
generated power supply. It is shown that the power plants establishment based
on renewable energy sources for cellular base station self-generated power sup-
ply is possible following the sources selection for the power plant construction,
site selection, prior art analysis, technical recommendations development for
the power plant block diagram and operating algorithms. The analysis of the
climatic conditions in the Rostov region is carried out and the conclusion on
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combined solar and wind power plants feasibility is made. The structural cir-
cuit diagram is proposed for the power plant with an efficiency increased by
an adaptive control of operation modes with consideration for power balance
between sources and receivers in the current weather conditions.

Keywords — alternative renewables, combined solar and wind power sta-
tion, adaptive management.

2.1. O6ocHOBaHMe aKTyaabHOCTHU BOIIpOCa

B paznmene 1 6bulo Moka3zaHO, YTO OAHUM M3 KJIIOUEBBIX MOMEHTOB
TEXHOJIOTMIECKOTO Pa3BUTHS B 00JIACTH SHEPTETUKU OyIyIIero OymeT Jo-
CTIDKEHHNE TEXHOJIOTHSIMU aJIbTepHATUBHON, B TOM YHMCJIE C MCIIOIH30Ba-
HUEM SHEPTUH BETpa U COTHIIA, SHEPTETHKN SKOHOMMYECKH IIPUEMIICMBIX
mapaMeTpoOB. BRIMOIHUM OIIEHKY JOCTHKUMBIX ITApaMeTPOB BETPOIHEPre-
TUYECKHUX YCTAHOBOK.

B Poccun ucrionp3oBaHme alsTepHATUBHBIX NICTOYHUKOB SHEPTUN IS
3JIEKTPOITUTAHMS 0a30BBIX CTAHIIMI CICTEM COTOBOM CBS3U MMEET OOJIBIIINE
TEePCIIEKTUBBL. DTO OO0YCIOBICHO CICIYIOIMMUI 00CTA0SITeIbCTBAMI.

1. Ha ceromHsIIHMi TeHb CBbILIE 65 % TeppUTOPUM HALIEH CTPAHbI —
30HA IEICHTPAIM30BAaHHOTO JIEKTPOCHAOXEHMSI. B 3T0iT 30HE IMpOKMBa-
eT 6onee 15 MiH. denoBek. M3 225 maH. KBT yCTaHOBJIEHHOW MOIIHOCTHA
snekTpocTaHuuii Poccum 17 mutH. KBT mpuxogutrcsa Ha 3JeKTPOCTaH-
ouy, padoTalolye B 30HE ACHEHTPATN30BAHHOIO 3JICKTPOCHAOXKCHMS.
B CeBepHbIX paitoHax Hallleil cTpaHBI, KaK CilIemyeT W3 aHajam3a puc. 2.1
u3 [2.1], pa6otaer cBbimie 6000 AM3EIbHBIX 3JEKTPOCTAHIINIM, KOTOPbIE
MMEIOT MOIITHOCTD mopsiaka 3 MiIH. KBT. OKO0JIO TTOJIOBUHBI 3TUX CTaHIINI
paboTaeT HEHAIEXHO, YTO CBSI3aHO C IepeOOSIMM B MOCTaBKaX TOILIMBA
¥ BBICOKMMH IICHAMM Ha IIPUBO3HOE TOILIMBO.

[ToBrIeHNe 3HePro3MHEKTUBHOCTH W HANEXKHOCTH JIEKTPOCHA0XKE-
HUsI, CHIDKCHIE BPEIHOTO BIMSHMS Ha 9KOJOTHIO BO3MOXKHO TOJIBKO IIPU
WCITOJIb30BaHNM aJIbTCPHATUBHBIX NCTOYHUKOB SHEPTUU B CETEBOIM M pac-
MpeaeacHHOM TeHepalvH.

2. [To mMerommMcsl OIIEHKaM TEXHUYCCKWM TOTCHIMAI aoTepHa-
TUBHBIX MCTOYHHKOB sHeprunm (AMD) B Poccum cocrapisgeTr mopsia-
Ka 4,6 MJIpA. TOHH YCJIOBHOTO TOIUIMBA (T.Y.T.), YTO IIPEBBIIIAET CO-
BpPEMEHHBIII ypOBEHb 3HepromoTpedieHnss Poccuu, cocraBisommia
okoJio 1,2 MJIpa. T.Y.T. B rof. DKOHOMUYECKMi mmoTeHman AUD ompene-
JI€H B 270 MJIH. T.Y.T. B TO[I, YTO COCTaBJISIET OKOJIO 25 % OT TOIOBOTO BHY-
Tpupoccuiickoro norpednenus [2.2]. KpoMe Toro, B HacrTosiiee BpeMs
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SKOHOMMWYECKUIN TOTeHLAAT AND CYHIECTBCHHO YBC/IMYMIICA B CBA3U
C IIOJOPOKAaHNUEM TPAAULIMOHHOTI'O TOIIMBA U YACHICBIICHUEM 060py)10Ba—
HUSI BO30OHOBJISIEMOM OHCPICTUKMU.

30HB! VIEKTPOCHAOHKEHNA:
BN - UCHTPATIBOBAHHOTO,

= ABTOHOMHOTO,

= AEUEHTPATIIOBAHHOTO

Puc. 2.1. 30HbBI LEHTPAIM30BAaHHOTO 1 aBBTOHOMHOTO 3JIECKTPOCHAOXEHUS

3. PazBuTHe TelIeKOMMYHUKAIIMOHHBIX TexHOJOrmit B Poccum orpe-
JIesieTCsl KaK MUPOBBIMHM TCHICHIIMSMU B Pa3BUTHHM 3TOM OTpaciIv HayKHU
U TEXHWKH, TaK U TeM CHeIU(PUISCKIM TTOJIOKEHUEM, B KOTOPOM 3Ta OT-
pacip gojiroe BpeMs Haxomwiaach. [1o BeamumHe cBOeit TeppUTOPUU U Ha-
CBIILIEHHOCTHU CpeAcTBaMKM KoMMyHMKauuii Poccuiickas @enepaiust npe-
CTaBJIIET CO00I YHUKaNbHOE siBlieHue. Tak, Teppuropust Poccun 3anumaet
17,1 MH. KM?, a HacejleHre cocTaBisieT 0Kos0 150 mutH. yen. [2.3]. B cBsasu
C 3TUM CO3IaHHE COBPEMEHHOI TeJIeKOMMYHUKAIIMOHHON MH(PPACTPYKTY-
pbl B JAaHHOM palioHe SIBJISIETCS CIOXKHOM MaciuTtabHoi 3amaueit. Ee pere-
Hue B Poccum ocyiecTBisieTcs 1o TpeM HampasiaeHusIM [2.3]: peanmn3amyst
KPYITHOMACIITAOHBIX OOIIEroCyIapCTBEHHBIX MPOCKTOB; pa3BUTHC M ITOMd-
JIeP>KKa PETMOHAIBHBIX TeJICKOMMYHUKAIIMOHHBIX TTPOSKTOB; NEATEIbHOCTD
HETOCyIapCTBEHHBIX OpTaHM3alNil B 3TOI 00JIaCTH.

Oco0BIM MOMEHTOM B HACTOSIIIIEE BPEeMSI SIBJISIETCSI MHTEHCUBHOE pa3-
BuTue MHTEpHET, BKIIFOYast 1 MOOWMJIbHBIN, OCYIIIECTBISIEMBIN CETIMU CO-
TOBOU CBAI3U.
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Cesepo-3anagHelid 69,23

LeHTpantHbIi 63,91
YpanscHuit 63,06
CubBupcHMiA 60,38

H#HEIR 1 Cesepo-KaBrascHMi 60,34

MpHBOAMCHKA 57,14

OansHesocTouHbIA 55,46

0O 10 20 30 40 S0 60 7O BO

Puc. 2.2. Yucio uHTepHET-II0Ib30BaTe el 0 deaepanbHbIM oKpyram PD
(B rpoLIeHTax K O0IIeMY YMCITy aDOHEHTOB COTOBOI CBSI3M)

Tak, no gaHHbIM [2.4] 76 % HaceneHuss B Poccum siBisieTcsl MHTEP-
HeT-Tiob3oBarenssMu. OmHako mpoHuUKHoBeHMe MHTepHeTa B Poccwmio,
Kak cjeayeT U3 aHaim3a puc. 2.2, sBiseTcsl HepaBHOMepHbIM o MDexe-
panbHBIM OKpyraM. HaumOosmblee 4uciio Imojib3oBaTeNieil MpUXOIUTCS Ha
LleHTpanbHBIN (enepalbHBI OKPYT, HAMMEHBIIIEE YUCIIO MOJIb30BaTeIeH
npoxuBaloT B JanbHeBocToyHOM 1 CHOMpCKOM deaepaaTbHOM OKpyrax.
MMeHHO TaMm, IO IPOrHO3aM aHAJIMTUKOB, B OJCKaliliee BpeMs MOXKHO
OXHUIAThb 3HAYMTEIHPHOTO YBEJIWUYEHHS YMCJIa aOOHEHTOB COTOBOM CBSI3U
u WUntepener [2.3]. OpHako 11l HagexKHOTO (YHKIIMOHUPOBAHUS ceTeit
COTOBOH CBSI3M HEOOXOIMMO HAaIEeXHOE 3JICKTpPOCHaOXeHHe e€ 0a30BBIX
cranumii. CiemoBaTebHO, CTPOMTEIBCTBO OOIIEHAIIMOHANIBHBIX CeTei
COTOBOI CBSI3U C 3JIEKTPOINUTAaHMEM 0a30BbIX CTAHLIMI Ha ocHoBe ANUD
B permoHax Poccuu, rme OTCYTCTBYET LIEHTPaJIM30BAHHOE 3JIEKTPOCHAO0-
JKEHUeE, SIBJISIETCS aKTyaIbHBIM. BBeeHe B 3KCITTyaTalnio ITIOTO0OHBIX Oa-
30BBIX CTAaHIIUI 00ecIeunT 6oJiee OOIIMPHOE TTOKPHITHE.

2.2. MeToOabI 1CCAE€ A0BAHMST

IIpoekTupoBaHMEe 3HEPreTUUYECKMX YCTAaHOBOK Ha ocHoBe AUD mnsa
ABTOHOMHOI'O 3JIEKTPOCHAOXeHUsSI ©0a30BbIX CTAHLIMA COTOBOM CBSI3U
BKJIIOYAET CJICAYIOLIME 3adauM:

— BbIOOpP AUD 171 mMOCTPOEHUSI SHEPreTUYECKOM YCTaHOBKMU;

— BBIOOp MeCTa pa3MelleHHUsT SHEPreTUYECKMX YCTaHOBOK

— aHaJI3 U3BECTHBIX TEXHUYCCKUX PELICHUIA;
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— (OpMyIMpPOBaHNE TEXHUYECKUX PEKOMEHJALMN IO pa3paboTKe
CTPYKTYPHOU CXEMBI 9HEPTETUIECKON YCTAHOBKM U AJITOPUTMOB €€ (hyHK-
LIMOHUPOBAHYSI.

Petienuie niepBoii 3anaun — BeIOOp AUD m1s mocTpoeHus SHepreTuye-
CKOI YCTAaHOBKM — 1I€JI€CO00PAa3HO BBITIOJHATH C YUETOM KOHKPETHOIO Teo-
rpacduyeckoro pernoHa Poccum. [t mpriMepa BBIOEpEM B KAYECTBE TAKOTO
perroHa PocToBcKyI0 00/1aCTh, TOCKOJIBKY aHAJIA3 Psiia UCTOYHUKOB TTO3BO-
JISET CAeaTh BBIBOJ O TOM, YTO OHAa UMEET JOCTATOUYHBIIA 1711 UCHIOJIb30BAHUS
MOTeHIIMAJI PECYPCOB BETPOBOI 1 coHeuHol sHeprun [2.5—2.10]. s tep-
putopur POCTOBCKOI 00MaCTH XapaKTepeH YMEPEHHO-KOHTMHEHTAIbHBINA
KIMMat yMepeHHoro nosca. CpefHsig TeMIieparypa Bo3ayxa B ssHape —7°C,
B mtonie — +23°C. 3uma 00bIYHO MacMypHasi, BeTpeHasi. JIeTo BeTpeHoe, Cy-
X0€ U1 kapkoe. KOHTMHEHTalIbHbIE YepThl B Kiumare PocToBckoil obiaactu
YCWJIMBAIOTCS B HAMpPaBJIEHUU C CEBEPO-3araja TEPPUTOPUU Ha I0r0-BOCTOK.
Bospacralor 3acynutMBOCTb, Xapa. YCWIMBAIOTCS BETPEHOCThb, XOJoda 3U-
Moii. Tak kapTa pacrpenesneHusI CKOpOCTH BeTpa Ha Beicote 10 M, mokasaH-
Has Ha puc. 2.3, CBUIETEIbCTBYET O TOM, UTO CPEAHSISI CKOPOCTh BeTpa B Po-
CTOBCKOW 00J1acT coctaBisieT ot 3,5 no S m/c [2.7]. TTpakTudyeckuit nuHTEpEC
TIPENCTaBISTIOT CUIIbHBIE BETPhI (Gonee 15 M/c). VX cpenHsist moBTOpsSieMOCTh
IUIST 00JIACTH COCTABIIAET 28 MHEM 3a rofl, MaKCUMaibHast — 54 mHd [2.8]. Bto
MO3BOJISIIOT CYUTAaTh POCTOBCKYIO 00/acTh 30HON 3((MEKTUBHOTO TPUMEHE-
HUS BETPOSHEPreTUYECKUX YCTAHOBOK [2.5—2.9]. B taHHOM pervoHe npocie-
>KMBAETCS CJIEMYIONIAst 3aKOHOMEPHOCTD: YCWIEHHE BETpa HabIonaeTcs ¢ ce-
peAVHBI OKTSIOPS IO KOHEL arpesis, T. € B OCEHHe-3UMHUI riepuon [2.9]. s
3UMBI XapaKTepHa MOBBIIIIEHHAsT CPETHSIST MECSIIHAST CKOPOCTh BeTpa 5,3 mM/c,
JIETOM OHa CHIKaeTcst 1o 3,6 M/c, yBelIMUIMBasiCh BECHOM 1 OCEHBIO COOTBET-
cTBeHHO 10 4,6 1 4,4 M/c [2.9].

XapakTepHOl OCOOEHHOCTBIO KJIMMaTa OOJIacTH SIBJISIETCSl OOWJIME COJ-
HEeYHOro ceeta M Teruta. [IpoaomKUTeTbHOCTh COJHEYHOIO CHUSIHUSI paBHA
2050—2150 yacam B roa. C MIOHS MO CEHTSIOPb CpeAHEMECSYHbIE TTOKa3aTesId
TPOAOJIKUTENBHOCTY COTHEYHOro cusiHus B PoctoBe-Ha-{oHy 1 Coun mano
OTIMYAatoTCs Ipyr ot Apyra [2.9, 2.10]. 3aBUCMMOCTb CPETHEAHEBHOIO TTOCTY-
TUIEHUST COJTHEYHOU 3Hepruy B PocToBcKo# obnmacTu mpuBeneHa Ha puc. 2.4
[2.10]. 3 aHanM3a JaHHOTO PUCYHKA, a TaKXe JaHHBIX Ta0i. 2.1, B KOTOpoi
TIPUBOIUTCS pacTipe/ieSieHre THEBHON CYMMBI COJTHEYHO! paMaliiy 1o Mecsi-
11aM, MOKHO C/IEJIaTh BBIBOJI O TOM, YTO CPEHEHEBHOE ITOCTYIJICHUE COTHEY-
HOI1 3Hepruu B PocToBCKOI# 001aCTH cOCTaBIsIeT OT 3,5 10 4,5 KBT-u/M? B icHb,
a KOJTMYECTBO COJTHEYHOM paaualiiv BO3PACTAET C anpesis IO CEHTSOPb.

29



H.B. Pydenxo

£
YxkpauHa _} : Kaaaxcran
§ CpeHas 3 nepiofl THesHAR VMM comseusoll parmunm. kB e

MeReR | 5

Puc. 2.4. PactipeneneHue ronoBbIX CpeaHEIHEBHBIX MMOCTYIIJICHUI
COJIHEYHO SHEPTUM Ha ONTUMAIbHO OPUEHTUPOBAHHYIO IIOBEPXHOCTh

BrinoniHeHHbIE aHAIWM3 U3MEHEHUS! TTOTOKOB COJTHEYHOH U BCTpOBOfI
OHEPIMM B TCUCHUE roJa B PocroBckoit obnactu TTOKa3bIBaCT, YTO IMPUME-
HEHUE TOJIBKO COJIHEYHOW BHGPFHCﬁ HE TTO3BOJIUT 00ECIeYUTh HaAEXKHOE
3HCpI‘OCHa6)KCHI/IC 0a30BOIf CTAHIIUM COTOBOM CBA3U, TaK KaK IMOCTYIIJICHUE
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SHEPIrun 6YH€T CHM2XKATbCA B HOYHOC BpEMA M B SUMHUC MCECALIbI. B 1o ke
BpEM:A B OCEHHE-3UMHUI ICpruoa HaOJomaeTcst MaKCMMyM BeTpOBOfI QHEP-
TUM, YTO ITO3BOJJIUT KOMIICHCHUPOBATHL OTCYTCTBUC COJTHEYHOM OHCPIuun.

Tabauya 2.1
JIHeBHAsI CyMMa COJIHEUHOM pagraiuu, KBru/m?,
(ropusoHTanbHad olanka) B . PoctoB-Ha-{oHy

Mecsu CymMa paguanu Mecsu CymMa paguanu
STHBaph 1,27 HIOJTh 5,86
¢eBpalib 2,09 aBrycT 5,17
MapT 2,98 CEHTSIOPb 3,85
arpesib 4,09 OKTSIOpH 2,38
Mai 5,53 HOSIOph 1,31
HWIOHb 5,76 JeKabphb 1
CpenHsisi 3a TOJ 3,45

Takum oOpa3zoMm, y4yuThiBasg HECTaOMJIBHOCTb MCTOYHUKOB 3HEPruu
BeTpa U cojiHIa B POCTOBCKO# 0071aCTH, MOXHO CHIEJIaTh BBIBOI O IIejIe-
CO00pPa3HOCTH MCITOIb30BAaHUSI KOMOMHMPOBAHHBIX COJTHEYHO-BETPOBBIX
sHepreTudecknx ycraHoBoK (KCBDY) mwis HagéXHOTO 3HeprocHa0XKeHMS
0a30BbIX CTAHIIMI COTOBOM CBSI3U.

2.3. Be1Oop MecTa pasMenieHnst 9HepreTM4ecKnX yCTaHOBOK

BbinonHuM 000CHOBaHME BbIOOpPa MeCTa pa3MEILEHUSI COJTHEYHBIX
U BETPOBBIX SHEPTETUUECKUX YCTAHOBOK IJISI BJIEKTPOCHAOXEHMST 0a30BOM
CTaHLIMM COTOBOI CBSI3U C CYMMAapHOIM MOIIHOCTbIO 3JI€KTPONPUEMHUKOB
1o 5 xBr [2.2, 2.3]. B kauecTBe MpoTOTUIIa MOXKET OBITH BbIOpaHa BOY Ha
ba3e Tpex(a3zHOro reHepaTropa ¢ MOCTOSHHBIMU MarHUTaMu CO CJIEIYIO-
UMM TEXHUYECKUMU XapakTepuctukamu [2.11]:

— HOMMHaJbHas MOLIHOCTb — 5 KBT;

— MakcuMabHasi MOITHOCTb — 7 KBT;

— HavaJIbHasi CKOPOCTb BeTpa — 3 M/C (Ha BBICOTE MAYTHI 9 M);

— pabouwuii IuaIa3oH CKOPOCTH BeTpa — OT 3 1o 25 M/c;

— cpenHeronoBas 3 deKkTuBHasA CKOPOCTh BeTpa — 4 M/C;

— HOMHUHAaJIbHasl CKOpocTh BeTpa — 10 M/c.

C 1enbio 000CHOBaHMST BO3MOXHOCTH 1 ITPMMEHEHMsI BbIOpaHHOo BOY
ucrnonbdyeM UntepHeT-pecypc [2.12], apasgiolniicss aBTOMaTU3UPOBAHHOM
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0a30if TaHHBIX O KJIMMAaTe pa3IMYHBIX TopomoB Poccum. IMocTpoeHHEBIE
MO JAHHBEIM 3TOTO MCTOYHWKA IrpadUKU CPeTHETOJ0BOM CKOPOCTH BeTpa
U pacrpenesieHns] BEpOSITHOCTU CKOPOCTH BeTpa JiIsl perioHa I. PocToBa-
Ha-Hony mis nepuomo 2010, 2011 m 2012 moka3zaHbl Ha puc. 2.5—2.7
COOTBETCTBEHHO.
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Puc. 2.5. 3aBucumoctb uHTEeHCMBHOCTH BeTpa B 2010 roay:
a — CPeIHETroa0Basi CKOPOCTh BETpa;
6 — pacrpefie/icHUe BEpPOSITHOCTH CKOPOCTH BeTpa

AHanM3 TIOJYICHHBIX TPadUKOB IMO3BOJSIET CIEJaThb CIIEIYIONINe
BBIBOJIBI:

— CpemHsisI CKOPOCTh BeTpa 3a 3 rofa COCTaBJIsIeT 7,2 M/C, UTO BBIIIIE
3 heKTUBHOM (4 M/C) CKOPOCTH BETpa;

— HaMOOJIbIIIAS CKOPOCTh BETpa HAOIIOMAETCS C HOSOPSI TI0 alpeib.

C y4€ToM HaHHBIX 3HAYCHWI HECIOXHO TIOJNYYUTh, KaK ITOKa3aHO
B [2.2], BO3BMOXHYIO CPeIHIOI0 BBIpadaThIBAEMYyI0 MOIIHOCTH B 1,9 KBT.
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CrienoBarebHO, B TIEPHOJ MAaKCUMaJIBHOM CKOPOCTH BETpa ¢ HOSIOPS TI0
arpesib OMHOW BETPOBOI dHEPTUU HEAOCTATOYHO JUTSI TApAaHTUPOBAHHOTO
SHEProcHabxeHus cHadxeHus B 5 KBT. /I rapaHTUpOBaHHOTO HEProc-
HabOXeHUsT 0a30BOM CTAaHIIMM COTOBOU CBSI3W 11€JIeCO00pPa3HO JOTOTHU-
TEJTHUTH BETPOBYIO YHEPTETUYECKYIO YCTAHOBKY COJTHEYHOU 3HepreTude-
ckoit ycraHoBkolt (COY). B kauecTBe €€ MpoTOTUIIa BRIOPEPEM YCTaHOBKA
CO CIJIeYIONINMU XapakrepucTukamu [2.13]:

— HOMUWHAJIbHAsI MOIITHOCTh COJTHEYHOU TeHepanuu — 5 KBT;

— 3amnac sHeprun — 10 kB1-4;

— HOMUWHAJIbHOE HaTpsKeHe cucteMbl — 96 B;

— CpenHsis MPOU3BOAUTENBHOCTD B Mecsl — 650 KBT1-u;

— COBMECTHMOCTD C BeTporeHepatopoM — 96 B, 2 kBT.
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Puc. 2.6. 3aBucumocTts MHTEHCUBHOCTH BeTpa B 2011 romy:
a — CpeTHEeToI0Basi CKOPOCTh BETPA;
0 — pacripezieJieHre BepOSITHOCTU CKOPOCTH BeTpa
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Puc. 2.7. 3aBucumoctbh MHTEHCUBHOCTH BeTpa B 2012 roy:
a — CpeIHEroaoBasi CKOpoCTh BETpa,
6 — pacnpefieJicH/e BEpOSITHOCTH CKOPOCTH BETpa
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Puc. 2.8. Ipacduk npomoKuTeIbHOCTU COJIHEYHOTO CBEeTa

(ropM30oHTaJIbHAs TUHUS COOTBETCTBYET YPOBHIO COTHEYHOI aKTUBHOCTH
IIJIS1 HOPMaJIbHOM pabOThI COTHEYHBIX OaTapeii)
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HaHHas cucTema SBISIETCd CTAaHJAPTHOW U COCTOUT U3 COJHEYHBIX
naHeJsieit o01Iel MOITHOCTBIO 5 KBT, UTO 1T03BO/IsIET HAMEXKHO 00eCIeYnTh
MOTPEOHOCTH B 3JIEKTPUYECTBE OOJIBIIMHCTBA MPUEMHUKOB MOOWIBHOM
COTOBOM cBsA3U. B Mecd1l aTa cucteMa BbIpabaTbiBaeT B cpegHeM oT 500
no 1000 kBT'y, yTo mMOCTATOYHO [JII PaOOTHI JIIOOBIX 3JIEKTPONPUOOPOB
B HOPMaJIbHOM peXXruMe UCIob30oBaHus [2.14].

OLeHUM BO3MOXHOCTh MPUMEHEHUs NAaHHOW YCTAaHOBKU B POCTOB-
CKOW 00JIaCTH, YCUTBIBAS, YTO MJISI HOPMAJIbHOW pabOThl COJHEUHBIX Oa-
Tapeii COY HeoO0XOmMMO MOJIydyaTh COJIHEYHBI CBET Ha MPOTSKEHUU
6—7 yacoB [2.15]. Ha puc. 2.8 o nanHbiM u3 [2.12] nmpuBeneHa 3aBUCH-
MOCTh CPelHEeN MPOJOJKUTEIBHOCTU COJTHEYHOTO cBeTa B PocToBCKOM
00JIacTU B TeUEHUE rofa. AHAJIN3 JAaHHOTO PUCYHKA MOKA3bIBAET, YTO

— CPeIHEerooBasi MPOAOKUTEIBHOCTh COJTHEYHOTO CBETAa COCTaBJISI-
eT 9 4acoB, 4TO MO3BOJISIET UCITOIb30BaTh COY KaKk OCHOBHOU MCTOYHUK
SHEPIUU B PETUOHE;

— HauOOoJbIIasA COJIHEYHAs aKTUBHOCTb, a, CJIEI0BAaTEIbHO, BbIpada-
ThIBaeMasi SHEPIUsI MOXET ObITh MOJTyYeHa ¢ MapTa IO HOSIOPb.

Takum ob6pa3oM, KOMOMHUPOBAHUE BETPOBOW M COJHEYHOU yCTaHO-
BOK 00€CIeYMBAaIOT HaAEXKHBIM 9HEPTOCHAOXEHNEM TPUEMHUKUA MOOWIIb-
HOI CBS3U B TEUEHUE BCETO rofa.

2.4. AHaAU3 M3BeCTHBIX TeXHIMYECKMX pelleHmit

Cpenn M3BECTHBIX TEXHUUECKNX PEIICHUI NCITOIb30BaHUS aJbTepHa-
TUBHOM 3HEPTETUKU IIJISI aBTOHOMHOTO 3HEPTOCHA0KEHMS 0a30BBIX CTaH-
WA CUCTeM MOOWIBLHOM CBSI3M SIBIIAeTCS 0a30Basl CTAHIIWS KOMIIAaHWU
«Meragon», pacrionoxerHas B 30 kM oT ropoma Maxaukana (Pecry6imka
Harecran) Ha rope Tam-bair Ha BeicoTe 60s1ee 600 M Ham ypOBHEM MODS,
BBeIeHHas B oKcIuryaTaiuio B 2006 . 1 000pynoBaHHAsI COTHEYHBIMU 0a-
Tapesmu B 2014 . HeoO6XommMOCTh MCITOTE30BaHMSI COTHEUHBIX Oarapeit
BO3HMKJIA BCJICACTBHE HECTAOWIBHOCTU IIEHTPAIM30BAHHOTO 3JIEKTPO-
CHaOXeHHsI, YTO Mary0HO BIMSIIO HA COCTOSIHUE aKKyMYyJsiTopoB [2.16].
PaspaboTaHHas crucTeMa 3JeKTPOIMMTAHHUS COCTOUT M3

— maHeJiel ¢ POTOEKTPUICCKIMU DJICMEHTAMMU,

— KOHTpOJUIEpa COTHEYHOM OaTapen,

— TMOPUAHOU 3JEKTPOIUTAIONIEH YCTAHOBKM,

— aKKyMYJISITOPHBIX OaTapeid.

Ha o0ObekTe GyHKIMOHUPYET 42 COTHEYHBIC ITaHEIM, Kaxkmas
¢ 72 dorosnementamu. O6MIasg TUIOIIAAb MTaHEJIeH COCTaBIsIeT 53 KB. M,
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OHMU CITIOCOOHBI TeHepupoBath 10 5 KBT. Cructema paboTaet no NpuHIKUIY
3aMellleHus], T.e. THEM, KOT/Ia TOCTATOYHO CBeTa 000PYAOBAaHUE MMUTAETCS
OT COJTHEYHBIX OaTapei, HOUbIO WU MPU OTCYTCTBUU COJTHEYHOTO CBETa —
OT CTAalIMOHAPHOU CETU MPHU €€ OTKIIOYEHUU OT aKKyMyJIaTopoB. Tak mo-
CTUTAETCSl YMEHBIIEHUS LIUKIIOB 3apsaa-pa3psaa 6arapeil, 4To MOJ0XHU-
TEJIbHO CKa3bIBaeTCs Ha UX CpOKe CIYXKObI [2.16, 2.17].

B 2009 rony kommanus JJYKOWJI 3amycTiia aBTo3anpaBodHyIO CTaH-
o (A3C) B Kpachoii [TosisiHe Ha conHeuHBbIX Oatapesix. ABTOHOMHast
cUcTeMa HEPrOCHAOXKEHMsI, OCHaIlleHHasT 54 maHensiMu ¢ (hOTORJIEKTPH-
YECKWMHU DJIEMEHTAMU OTEYECTBEHHON pa3pabOTKU, OOecreyuBaeT Iu-
KOBYIO MOIIIHOCTh 9,6 KBT [2.18]. B aBTOHOMHY cHCTeMy 3HEpPrOMUTaHUS
TMOMUMO COJIHEYHBIX MOJYJIeH, YCTaHOBJIEHHbIX Ha HaBece A3C, BXOAsT
AKKyMYJIITOpHAas1 0aTapesi, 3apsiIHOE YCTPOIMCTBO U CUCTEMA YITPaBJIECHUS.

2.5. PaspaboTKa TeXHIMYIECKUX peKOMeHAarnii
K IIPOEKTUPYEMOI yCTaHOBKEe

Mg mpennoxeHHoi B 1. 2.3 mis pernoHa T. PoctoBa-Ha-JloHY KOM-
OMHMPOBAHHON 3HEProyCTAaHOBKM TeXHUYECKHE TPeOOBaHUSI MOTYT ObITh
copMyIMpOBaHbI CleAyIOIIUM odpaszom [2.2, 2.3]:

1. ObecnieyeHne cTaOMIBLHOTO CHAOKEHUS JIEKTPOIHEPTUEIT 0a30BOit
CTaHIIMM COTOBOM CBSI3U B TeUeHME roma. I1pu aToM reHepupyeMasi CyM-
MapHasi MOLIIHOCTb JOJKHA ObITh HE MeHee 5 KBT, HampskeHue OOIKHO
ObITh omHO(Da3HBIM HoOMUHAIIOM 220 B 1 mMeThb wacToty 50 IiI.

2. YcraHoBKa OOKHA oOecriednBaTh OajlaHC MeXOy IToTpebsseMoit
U TEHEPUPYEMOM SHEPTUEH.

OmHuM Y3 BapUMaHTOB BBITOJIHEHHUSI T€HEpaTropa, YIOBICTBOPSIIOIICTO
TepEUrCICHHBIM BEIIIEe TPEOOBAHMSIM, MOXET OBITH BETPOTCHEPATOP C BEPTH-
KaJbHOM ochio. [IpenMyIiiecTBaMm JaHHOM KOHCTPYKITUU SIBJISIIOTCS [2.15]:

— MOHIKEHHAs HavajbHasl CKOPOCTh BpameHus (ot 1,3 M/c);

— OTCYTCTBHUE BUOpALIMii B TPYHTE;

— OTCYTCTBHUE HEOOXOIMMOCTH YCTAHOBKM BBICOKMX MayT;

— 9KOJIOTMIHOCTH (YPOBEHB IIIyMa He IpeBbImaet 35 nb);

— OTCYTCTBHE HEOOXOIMMOCTH OPUEHTAIIMU Ha BETED;

— HUCIIOJIb30BaHME SHEPTUM HE TOJBKO TOPU30HTAIbHBIX, HO M BOCXO-
ISIIIIX TIOTOKOB BETpA.

Ha ocHoBe ykazaHHBIX TeXHUYECKUX TPeOOBaHU pa3paboTaHa CTPYK-
TypHasl cxeMa KOMOMHHPOBAaHHOI COJHEYHO-BETPOBOM SHEPrOyCTaHOB-
KW, TIpeIcTaBIeHHas Ha puc. 2.9 [2.2, 2.3].
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Puc. 2.9. CtpykTypHas a/eKTpuyecKkas cxema
KOMOMHMPOBAHHOI COJTHEYHO-BETPOBOM SHEPIeTUUECKON YCTAHOBKH

Cxema CONEpXHWT JBa KaHaja IIpeo0pa3oBaHMsS BSHEPruu: BeTpa
U cosiHIa. B KaHalle mpeoOpa3oBaHMs BETPOBOIM SHEPIMU SHEPTHs BeTpa
npeodpasyeTcss B 2JEKTPUUYECKYIO SHEPTUI0 C HEeCTaOMIM3MPOBAHHBIMU
napaMmeTtpamu. Jlajee oHa mojaercsl Ha 3apsaHoe ycTpoiictBo (3Y), Ko-
TOpOE MpeodpasyeT U CTaOUIM3UPYET IIEPEeMEHHOM HaNpsKeHUE B IIOCTO-
sSIHHOe. 3aTeM HampsDKeHMe MOCTyMmaeT Ha KoHTposuiep 3apsiga 2 (K3 2),
a ¢ Hero Ha akkymyjsitopHble 0aTapeu (ADB). B kaHane npeoOpazoBaHuUst
COJIHEUHOM BSHEPIMM d3JICKTpUYECKas SHEPrus MOCTYHAaeT C COJIHEYHBIX
barapeit (Cb) Ha koHTpoJsuiep 3apsga 1 (K3 1) u Ha akkyMynsiTOpHBIE Oa-
Tapeu. CUI0OBOI KaHall BKiIto4yaeT B ce0s1 muBeptop (M), KoTophiit mpeod-
pa3yeT noctosiHHoe HanpsikeHue 24 B B nepemennoe 220 B 50 Ii1. lanee
9HEprusd MnoctymnaeT Ha Harpy3ky (H).

st yrnpaBiaeHUS peXHMaMu paboThl yCTAaHOBKA MMEET NAaTYMK BeE-
tpa (JB), matuyuk Temnepatrypbl (JT), maTYMK CONMHEUHON pagualu
(ACP) u natyux norpedyseMoii MoitHocTu (JII1M), KoTopbie coeauHEeHbI
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¢ cucreMoii ynpasieHus (CY). Tak xe UMeIoTCs YCTPOUCTBO CUTHAIM3A-
uu (YC), perynsrtop 6autacta (PB) u 6aintactHas Harpy3ska (bH).

C uenbio nioBbiieHus 3bdektuBHocT KCBODY B 0cHOBY npuHIMITA
€€ NeiCTBUS BO BCEX peXUMaXx IMOJIOXEH MPUHLIUIT O0ecrieuyeHus daiaHca
MOILIHOCTEN MEXAY UCTOYHUKAMU U MpUeMHUKaMHu [2.2, 2.3]: cymMapHas
MOILIHOCTh, BbIpabaThiBaeMasi UICTOUHUKAMU 3HEPTUU JOJDKHA OBITh paB-
Ha CyMMapHOU MOIIIHOCTH, MOTPeOIsIeMO TPUEMHUKAMU C YYETOM BO3-
MOXHBIX TOTepb. Ha 0CHOBE 3TOro MpUHIMIIA OPraHU30BAHO AJANTUBHOE
yrnpasieHue pexumaMu padbotel KCBOY.

Paccmotpum npuHiun pa6otet KCBBOY B cienyonmx pexumax:

— pexXuM pabOThl TOJABKO OT COJIHEUHBIX OaTapeii;

— pexXuM pabdOoThl TOJIBKO OT BETPOTEHEPATOpa;

— pexXuM pabOoThl OT COJIHEUHBIX OaTapeil U BETpOreHepaTopa;

— pexXuM pabOThl IPU MUKOBBIX HATPY3Kax;

— pexXuM paboThl IPU U3OBITKE SHEPTUU OT UCTOYHUKOB.

B pexume paGoThl TOJBKO OT COJTHEUHBIX OaTapeil cucteMa yrpasie-
HUS TojydaeT aaHHble oT aatyukoB JIB, OT, JCP, npou3Boautr aHaau3
U ompenensieT 00bEM BbIpadaThIBAEMON MOIIIHOCTU BETPOTEHEPATOPOM
U COJIHEYHBIMU OaTapesmu. [Ipu paboTe KOMOMHUPOBAHHOW YCTaHOBKU
OT COJITHEYHBIX IMaHeJel CUCTeMa yIpaBlIeHUS aHAIU3UPYET MOTpedsie-
MYIO Harpy3koi MOIIHOCTb ¢ nomMoinbio JITTM, aHanu3upyeT MOIIHOCTb,
KOTOpasi MOCTYIAET C COJIHEUHBIX MaHeJeli U ypOBEHb 3apsiia aKKyMYJIs-
TOpHBIX Oatapeit. KoHTposiepsl 3apsiga-paspsiaa peryJupyloT mpolecc 3a-
psana-paspsaa Ab u uHdopmanuio otnpasisioT B CVY. [lpu 3apsoKeHHBIX
ADB 1 MOIIIHOCTY MOTPEOJIEHUS Ha HAarpy3Ke MEHbIIE MOIIHOCTU OTAaBae-
MO COJITHEUHBIMU MaHEJSIMU, SHEPTUS MOCTYIAeT OT COJTHEUHBIX OaTapei
yepe3 K31 nampsmyio B uHBeptop. Eciau MomHoCTh, moTpebisemast Ha-
TPY3KOii, CTAHOBUTCSI OOJIbIlIE MOIIHOCTU, MTOCTYMAIONIENA OT COJTHEYHBIX
Oatapeit, CY dopMmupyeT curHan il MNOAKIIOYEHUSI BETpOreHeparopa
K Harpy3ke. CymMMapHas sHeprus noctymnaeT B Ab u ganee yepe3 uHBep-
TOp U B Harpy3ky. [1pu paboTe TOIbKO OT COTHEYHBIX OaTapeil BETPOIBU-
raTeJib OJIOKUPYETCS C TOMOIIBIO YCTPOMCTBA BIOKUPOBKH, YTO MO3BOJISIET
cbepeyb ero pecypc U yBeIMYUTh CPOK SKCILTyaTallH.

PexxuMm paboThl TOJBKO OT BETpOreHEpaTopa BO3MOXEH B BeuepHee
u HouyHoe Bpems. CY aHanu3upyeT MOIIHOCTb MOTpPeOJeHUs OT Ha-
TPY3KHU, MOIIHOCTh, BBIJABAEMYI0 BETPOr€HEPATOPOM U JaHHbIe ¢ K3 2.
Ecnu Ab paspsixensl, To Heprus ¢ K3 2 moctynaetr Ha Ab u 3apsxkaet
nx. C Ab HamnpskeHue MojaeTcsl Ha UHBEPTOP U Ha Harpys3ky. Eciu xe
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MOIIIHOCTh BE€TpOreHeparopa 0oJibllle MOIIHOCTU MOTPEeOJeHUST HArpy3-
Ko, To Mo koMaHae ot CVY peryasitop 6autacta U3JIUIIEK SHEPTUU TIe-
pepacnipeienisier Ha OaJjutacTHY1O Harpy3ky. [Ipyu mropMoBoM BeTpe ISt
obecnieyeHUs1 COXpaHHOCTU BeTpoycTaHOBKU CY mojaet curai ynpasiie-
HUS Ha ycTpoilcTBO OyiokMpoBKU (YD), KoTOpoe GJOKUpPYET BpallleHUE
B/, uto coxpansieT ero pecypc. [Ipy 3TOM 37€KTpONMUTAHUE OCYLIECT-
Bisiercs oT Cb unu Ab.

Pexum pabotel ot Cb u BeTporeHepaTopa HEOOXOAMMO B Ciydyae,
KOIJla OAWH W3 UCTOYHUKOB HE MOXET OOECHEUYUTh CTOJBKO SHEPTUH,
CKOJIbKO TpeOyeTcs s Harpy3ku, CY dhopMupyeT curHai aisi moJaKJI0-
YeHUs BTOPOTO UCTOYHUWKA 3HEpruu K Harpyske. [Ipu pabote BeTpore-
HepaTopa M COJIHEYHBIX OaTapeil OMHOBPEMEHHO CHayajla 3apsikalT-
csa ADB, sHeprus unet ot Ab Ha uHBepTOp, Hanblie B Harpy3ky. [locne
MOJIHOM 3apsiaku ADB, sHEprus oT AByX UCTOYHUKOB SHEPTUU MOCTYHAET
Ha MHBepTOp. Eciu Xe MOIIHOCTh, MOTpedisieMass Harpy3Koi, MeHbIIe
MOIIIHOCTU TOCTYIMAIOIIEN OT ABYX HEPTroycTaHOBOK, TO CVY JHUIIIHIOW
sHepruto ornpasisgeT Ha bH.

ITpu pexume pabOTHI MPU MUKOBBIX HATPy3KaxX SHEPTUST BbIpaOaThI-
BaeTcs ABYMSI UCTOYHUKAMU (BETPOTEHEPATOPOM U COJIHEUHBIX OaTapeil).
ITpu stoM 3nextposHeprus nogaetcsd Ha Ab u nmanee yepe3 MHBEPTOP
B Harpy3ky. B MoMeHT mUKOBOI Harpy3ku, Kotopas onpenensiercsa JAITH,
CY dopmupyet curHaia Ha YCTPOMCTBO CUTHAIU3ALUUU. DTO YCTPOUCTBO
nH@opMuUpyeT omneparopa (B 3BYKOBOM, CBETOBOUl dopMe wiu B dopMme
SMS-coo01ieHusT) 0 TOM, YTO UAET pa3psia Ab 1 4To HEOOXOTUMO OTKITIO-
YUT HEKOTOPbIE BTOPOCTENIEHHBIE TPUEMHUKU SHEPTUH.

Pexum paboThl pyu U30BITKE SHEPTUU OT UCTOUHUKOB MTPUMEHSETCS
B Cllyyae, €CJIM HEprusi, BbipadaTbiBacMasi AByMSI ICTOYHUKAMU, HAMHO-
ro MpeBbIIaeT MoTpebHOCTH Harpy3ku. CVY BbIpabaThiBaeT KOMaHAY OT-
KJII0OYEHUSI UCTOYHUKA SHEPIUU, KOTOPBIN BbIPAOATHIBAET HAUMEHBIIIYIO
e€ vactb. Takag koManaa gopmupyercss B CY Ha ocHOBe 00pabOTKU WH-
dopmaumu, nocrynatouiei ¢ gatuukon AIMIM, AB, AT, ACP. B Tom ciy-
Yyae ec/ii SHeprusi, BeipadaTbiBaeMasi OCTABIIMMCSI UCTOYHUKOM SHEPIUH,
MpeBbIlIaeT moTpebsemyto sHepruo, CY dopMupyeT curHai Ha copoc
U3TUIIKOB 3Hepruu B bH.

Br16op pexxuMoB pabOTHI OCYIIECTBISIETCS aBTOMAaTUYECKU C MTOMO-
LIBIO AJITOPUTMA YIIPABJIEHUS, 3AI0KEHHOTO B TPOrPpaMMYy YIIPaBJISIOLIETO
MMKPOKOHTPOJJIEpa CUCTEMBI YIIPABJIEHUS, HA OCHOBE UH(pOopMalnu, mo-
JIy4aeMoU ¢ JaTYMKOB.
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Takum 00pa3oMm, NpeIIoKEHHAS CTPYKTYpHAs cxeMa KOMOMHUPOBAH--
HOI COJTHEYHO-BETPOBOM SHEPIreTUUECKON YCTAHOBKU MO3BOJSIET MPU U3-
MEHSIOLIMXCS TTOTOIHBIX YCJIOBUSIX:

— TapaHTUPOBAHO IOJyYaTh CTAOMUJIbHOE 2JIEKTPOCHAOXKEHUE 3a CUET
peanu3annu aJanTUBHOTO YIPABICHUS PEXUMaMU pabOThl KAaHAJIOB Tpe-
00pa30BaHUs BETPOBOI U COTHEYHOI SHEPIUH;

— obecrneynBaTh 0aJaHC MOIIHOCTENM MeXIYy UCTOYHUKAMM U IIPU-
€MHUKaMU.

CrnenoBatebHO, MOXHO CKa3aTh, YTO CTPYKTYpPHAsi CX€Ma YIOBJIETBO-
psieT chopMyIMPOBAHHBIM TPEOOBAHUSIM K MPOEKTUPYEMOI KOMOMHUPO-
BaHHOM YCTaHOBKE.

2.6. BeiBOABI

2.6.1. BbIMOMHEHHBIM aHATU3 3JEKTPOCHAOXKEHHSI POCCUICKUX Peru-
OHOB TOKa3aJl, YTO HEOOXOAUMOCTb NMPUMEHEHUS aJbTepPHATUBHBIX HC-
TOYHUKOB 9HEPTUU AJIsI DJIEKTPONUTAHUS 0a30BbIX CTAHLIMI CUCTEM COTO-
BOM cBs13M B Poccuu obycioBiieHa:

— OTCYTCTBUEM LEHTPAJU30BAaHHOTO YHEProcHabXeHUs Ha BCeW
TEPPUTOPUU CTPAHbl U HECTAOUJIBHOCTHIO PaOOTHI AM3EIbHBIX JEK-
TPOCTaHIIUI B pailoHax AELEeHTPaTN30BAHHOTO 3JEKTPOCHAOXEeHMUs,
00YCJIOBIIEHHO! TMMepedossMM B MOCTaBKAaX TOTJIMBA U BBICOKUMU Iie-
HaMU Ha HETo;

— BBICOKMM TEXHUYECKUM TMOTEHIMATIOM HETPaAULIMOHHBIX BO300-
HOBJISIEMBIX ICTOUHUKOB 3Hepruu B Poccuu, mpeBbIIAOLINI TOYTH B Ye-
TBIPE pa3a COBPEMEHHBII YPOBEHb SHEPTOMIOTPEOICHMUS;

— HEOOXOAUMOCTBIO Pa3BUTUSI CHUCTEM COTOBOUM CBSI3M HE TOJIBKO
B paliloHax LIEHTPaJU30BaHHOIO, HO M B paiioHax JAeLEeHTPaJTn30BaHHOIO
DHEProcHAOXEeHMUSI.

2.6.2. [Ipy MPOEKTUPOBAHUM IHEPTETUUECKUX YCTAHOBOK Ha OCHOBE
AWD 1511 aBTOHOMHOTO 3JIEKTPOCHAOXKEHUSI 0a30BbIX CTAHIUI COTOBOW
CBSI3U JIOJIKHBI OBITh PELIEHbI CAeMYIOIMe 3a1auu:;

— BBIOOP AUD 171 mMOCTpOEHUSI SHEPreTUYECKOM YCTAaHOBKMU;

— BBIOOp MeCTa pa3MeIleHUsT SHEPTeTUUECKUX YCTAHOBOK;

— aHaJIM3 U3BECTHBIX TEXHUYECKUX PELICHUI;

— (opMyIMpOBaHNE TEXHWYECKUX PEKOMEHIAlMi 10 pa3paboTKe
CTPYKTYPHOM CXEMbl 9HEPTEeTUUECKON YCTAHOBKU U aITOPUTMOB €€ (hyHK-
IIMOHUPOBAHUSI.
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2.6.3. Beibop B KauecTBe 00beKTa MccienoBaHuii PocToBckoit 06:a-
CTU OOYCJIOBJIEH AOCTATOYHBIM JJISI UCTIOIb30BaHUSI MOTEHIIMAIOM PEeCyp-
COB BETPOBOW U COJTHEUHOI PHEPTUH.

2.6.4. BBITTOIHEHHBII aHAIM3 CTaTUCTUYECKUX NAHHBIX O pacrpeie-
JICHUW BETPOBOU U COJHEYHOU 3HEPTUU MO MecslaM, MO3BOJIWI CAeNaTh
BBIBO/JI O 11€JIECOO0Pa3HOCTH

— UCIOJIb30BaHUSI KOMOMHUPOBAHHBIX COJTHEYHO-BETPOBBIX SHEpre-
TUYECKUX YCTAHOBOK JJISI HAIEXKHOTO aBTOHOMHOTO 3JIEKTPOCHAOXEHWUS
0a30BbIX CTAaHIIUI COTOBOM CBSI3U;

— pa3MEIleHUs COJTHEYHBIX U BETPOBBIX SHEPIETUYECKUX YCTAHOBOK
C ompeneaeHueM MPUOPUTETHBIX MOTOKOB YHEPTUU, MPUHIIUIIOB YIIPaB-
JIEHUS, a TaKXe KOHCTPYKIIMM KOMOWHUPOBAHHBIX COJTHEYHO-BETPOBBIX
SHEPreTUYECKUX YCTAHOBOK.

2.6.5. B kauecTBe TpeGOBaHUI K MPOSKTUPYEMO KOMOMHUPOBAaHHOMN
YCTaHOBKE C(HOPMYJIMPOBAHEI CIETYIOIIUE:

— obecreyeHue CTabWILHOTO CHAOXEHUS 3JEKTPOIHeprueil 6a3oBoi
CTaHIIUU COTOBOU CBSI3M B TeueHue ropa. Ilpu 3ToM reHepupyemasi Cym-
MapHasi MOIIIHOCTb JOJXKHA ObITh HE MeHee 5 KBT, HampsixeHue AOKHO
ObITh 01HOGa3HBIM HOMUHAIOM 220 B 1 umeTh yactoty S50 Iir;

— YCTAaHOBKa [OJKHA obOecreyuBaTh OagaHC MeXOy MOTpebisseMoi
U TEHEPUPYEMOM SHEPTHUEA.

2.6.6. Beibop B KauecTBe BapvaHTa BBITIOJTHEHUSI TeHepaTopa BETpO-
TreHepaTopa ¢ BEPTUKAIBHON OChIO OOYCJIOBJIEH CIEAYIOIIUMHU MPEUMYIIe-
CTBAMU IO CPABHEHUIO C OCTAIbBHBIMUA KOHCTPYKIIUSIMU:

— MMeeT MTOHXEHHYIO HaYaJIbHYI0 CKOpOCTh BpatieHus (ot 1,3 M/c);

— HE CO3JaeT BUOpALIUIO HA TPYHT;

— He TpeOyeT YCTAaHOBKY BBICOKUX MAuT;

— 3KOJIOTMYEH (YPOBEHb IilyMa He TpeBbiiiaet 35 nb);

— He TpeOyeT OpUEeHTALMU Ha BETEp;

— WUCIIOJIb3YET SHEPIUIO HE TOJBKO TOPU3OHTATIBHBIX, HO U BOCXO[SI-
IIK1X TOTOKOB BETpa.

2.6.7. llpemioxeHHast CTPYKTYpHasl 3JieKTpruyeckass cxeMa KOMOUHHU-
POBaHHOW COJIHEYHO-BETPOBOW HEPreTUYECKON YCTAaHOBKU TO3BOJISIET
MPU U3MEHSIOIIUXCS MOTOAHBIX YCIIOBUSIX:

— rapaHTUPOBAHO TOJIYYaTh CTAOWIBHOE 3JIEKTPOCHAOXEHUE 3a CUeT
peanu3aluuy aJanTUBHOTO YIPABICHUS peXUMaMu pabOThl KAHAJIOB TIpe-
00pa30BaHUS BETPOBOI U COJTHEYHOU SHEPIUY;

— obecrnieynBaTh OaaHC MOILHOCTE MeX Ty MICTOYHUKAMU U TIPUEMHUKAMMU.
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3. COHNAABHO OPI/IEIjITI/IPOBAHHbIVI
OAEKTPOMAT'HUTHBIMI MOHUTOPVHTI
OKPY XAIOHIEN CPEADBI

3ee3duna M.IO., Illoxosa FO.A., Illoxoe A.B.

AnHotamus — B paznesne paccMaTpuBaroTCsl BOIIPOCHI COLMATLHO OPUEHTH-
POBaHHOTO JIEKTPOMAarHUTHOTO MOHUTOPWHTA OKpYKatolleit cpenbl. [TokazaHo,
YTO LIMPOKOE UCTIOIb30BaHNE PATUOTEXHUYECKUX CUCTEM, B YACTHOCTU, CUCTEM
TONBVDKHOM CBSI3U, TIPUBEJIO B TOPOIAX C BBICOKOM YMCICHHOCTBIO HaCeNICHUS
K 00OCTPEeHMIO MPOOJIEMbI 2JIEKTPOMAarHUTHOTO 3arpsI3HEHMSI OKpY:Kalolleit cpe-
IIbI, a TaKKe K TMOBBIIIEHWIO YPOBHS 3a00JieBaeMOCTH HacesieHus. HeBo3Moxk-
HOCTb MPOBENSHUS MPOMUIAKTUYECKIX MEPOTIPUSITUIN IO CHUKEHUIO BPETHOTO
(bakTopa menaeT HEOOXOAMMBIM MTPOBEICHMS 3JIEKTPOMArHUTHOTO MOHUTOPHHTA,
YacThl0 KOTOPOTO SIBIISIETCSI COLMAILHO OPMEHTUPOBAHHBIN MOHUTOPYHI, TIPE-
MoJlaraloIInii  MHOOPMUPOBAaHME HACEJeHHsS C WCIONb30BAHUEM TOCTYITHBIX
METOIIOB, B TOM YMCJIe BU3YyaJU3allieil 2JIeKTPOMarHUTHOM 0OCTAaHOBKY BOJIM3U
MECT YCTAaHOBKM aHTeHH. [Iisl psifa TUTIOBBIX aHTEHH TOABMXKHOM CBSI3U TIPUBO-
TATCST PE3YJIBTaThl BU3YATM3AlN 3JICKTPOMAarHUTHOM 00CTaHOBKM, JaETCST OLIEH-
Ka WX JJOCTOBEPHOCTH, a TAKKe BOZMOXKHbBIE BAPUAHTHI IPUMEHEHMSI.

KioueBble €ll0Ba — 3JI€KTPOMATHUTHBINA (DAaKTOP, COLIMAIBLHO OPUEHTUPO-
BaHHBII 3JIEKTPOMArHUTHBIII MOHUTOPYHI, BU3YaIM3alIUs PE3YJIBTaTOB, pacIpe-
JeJIeHUe TUIOTHOCTH ITOTOKA SHEPIUU, AaHTEHHBI, CUCTEMBI TIOIBYDKHOM CBSI3H.

3. SOCIALLY ORIENTATED ELECTROMAGNETIC
ENVIRONMENT MONITORING

Zvezdina M. Yu., Shokova Yu.A., Shokov A.V.

Abstract — In the section the problems of socially orientated electromag-
netic environment monitoring are considered. It is shown that the wide range of
radio system implementation, mobile systems in particular, aggravated a prob-
lem of electromagnetic pollution of the environment leading to morbidity rate
increase in the cities with large number of population. The impossibility of pre-
ventive measures to decrease the harmful factor necessitates the electromagnetic
monitoring, as well as its element, socially orientated monitoring, which informs
the habitants with comprehensible methods, such as electromagnetic environ-
ment visual representation near antenna. In the section the visual representation
of electromagnetic environment near some standard mobile system antennae is
given, the results validity is evaluated, possible applications are given.

Keywords — electromagnetic factor, socially orientated monitoring, visual rep-
resentation of results, energy flux density distribution, antennae, mobile systems.
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3.1. BBeagenmne

OnHoi 13 TeHACHIIIT MUPOBOTO TEXHOJOTMYECKOTO PA3BUTHS SIBIISIETCS
B 00J1aCTM TPUPOIOOXPAaHbl UCIOJIB30BaHUE CUCTEMHBIX M3MEHEHW aes-
TEJILHOCTH YE€JIOBEKaA, MTO3BOJISIIONINE YMEHBIIUTD TEXHOIEHHOE BO3IEHCTBHE
Ha 6uocdepy 3emn. 115 panoTeXHUUECKUX CUCTEM B KQUeCTBE TaKOTO BO3-
JIEICTBUST pacCMaTPUBAETCS CYIIIECTBEHHOE M3MEHEHHUE 3JICKTPOMAarHUTHOTO
donHa BOMM3KM MecT ux pasMmenieHus [3.1—3.23]. CreactBueM 3TOro crajio
ycusieHue aekTpoMarHutTHoro ¢ona. Tak, mo maHHbIM [3.12], pocT o6uiero
3JIeKTpOMarHUTHoOro doHa 3emiv 3a nepuo ¢ KoHila XIX Beka Mo Hayaio
XXI Beka cocrapui ot 10-2—10-"2 Br/m? no 10-'—10 Bt/m>

ITockosbKy u3yyamlIlue paguoTeXHUYeCKMe 00beKThl OOBIYHO yCTa-
HaBJIMBAIOTCSI B MECTaxX NPOXWBAaHUS JIIOJEH, TO U3MEHEHMUE BJIEKTPO-
MarHMTHOTro (oHa CYIIECTBEHHBIM O0pa30M OTpaXKaeTcsl Ha 3710pOBbE
HaceJIeHUsI, YTO MOXKET ObITh OLIEHEHO C MCMOJb30BaHMEM OIHOTO U3 MO-
KazareJeil 310poBbsl — 3a00JIEBAEMOCTH.

HckmounTth BpeaHblid IIs1 310pOBbsl HaceleHMs (hakTop — U3ITyYeHUe
aHTEHH — He TMPENCTABISIETCS BO3MOXKHBIM, ITOCKOJIBKY UMEHHO C €ro TI0-
MOIIIbIO OCYILECTBIISIETCSl TMepenadya MHOOpPMAIMU B PaaMOTEXHUYECKUX
cuctemax. B cBsa3u ¢ 3TMM HEOOXOAMMO OCYIIECTBIISITh 2JEKTPOMArHUT-
HbIi MOHUTOPMHI, BKJIIOUAIOIIMI HaOMoAeHue 3a (haKTOpoM, MTpOBEACHUE
OLIEHKM COCTOSIHWSI CPElbl TI0 COOTBETCTBYIOIIMM KPUTEPHSIM, MPOTHO3U-
poBaHUe 00CTAaHOBKM IO JaHHOMY (DaKTOpY, a TaKKe co3maHue MHpopma-
LIMOHHBIX CUCTEM Pa3JIMYHOrO IlejieBoro HazHadyeHus. Ocoboe 3HaueHue
MPU 3TOM MMEET COLIMATbHO OPUEHTMPOBAHHBIN 3JIEKTPOMArHUTHBII MO-
HUTOPMHI, 00eCIIeYMBaIOIINil CBOEBPEMEHHOE U Ha TOCTYITHOM JUISl Hace-
JIEHUsI ypOBHE MH(MOPMUPOBaHUE 00 YPOBHE 3JIEKTPOMATrHUTHOTO 3arpsi3-
HEHUSI OMpeeIEHHON TeppUTOPUH, BKITIOUAsT U HAISIIHYIO BU3YaJIU3aLUI0
Ha0JIoaeMOoi KapTUHBI U3JTyYeHUS pAIMOTEXHUIECKOTO OOBEKTA.

Bo3MOXHBIM BapMaHTOM TPUMEHEHMSI pPe3YJBTaTOB BU3YyaJIU3alUM
3JIEKTPOMArHUTHO OOCTaHOBKM SIBJISIETCST YYET TpeOOBaHUIA 2JIeKTpOMar-
HUTHOI 3KOJIOTUM TIPU Pa3pabOTKe HOBBIX M MOJEPHU3AIMHN CYILIECTBYIO-
LIUX paguOTeXHUYECKUX CUCTeM, KaK mokazaHo B [3.24, 3.25].

TakuM 00pa3oMm, IpeajaraeMblii B pasjiesie MOAXOA K BU3YyaIU3alluK
3JIEKTPOMTaHUTHOU 00CTaHOBKY BOJIM3U MECT YCTAHOBKM PaguOTEXHUYE-
CKUX OOBEKTOB SIBJISIETCSl aKTYyaJIbHBIM C TOYKH 3pEHUS Pa3pabOTKKM U3Me-
HEHUI JIesATeIbHOCTH YeJIOBEeKa, MO3BOJISIIONINX YMEHBIIUTh TEXHOTCHHOE
BO3IeiCTBUE Ha Ouochepy 3emu.
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3.2. TenaeHIM pa3BUTHA CHICTeM TeaeKOMMYHMKainmi B Poccym

3.2.1. AHanu3 TeHACHUMI pa3BUTUS PATUOTEXHUYECKUX CUCTEM I10-
Kaszaj, 4TO B IMOCJIeAHee BpeMsl HauboJyiee pa3BUBAIOIIUMMUCS SIBIISTIOTCS
CHUCTEMBI CBSI3U. DTO OIpEHessIeTCsl TeM, YTO Iepexoa MUPOBOM 3KOHO-
MUK Ha WHGOPMALIMOHHBIN YPOBEHb Pa3BUTUS OOYCIOBWII IIIMPOKOE
NpUMeHeHNe NHHOKOMMYHMKAIIMOHHBIX CUCTEM B Pa3IMYHBIX 00JIaCTSIX
YeJI0BEYECKON IedaTelbHOCTH [3.1—3.6], 4TO moaTBep:Kmaercs cyMmap-
HBIM JTOXOIOM KPYITHEHIINX TeJIEKOM-OIIepaTOpOB, COCTABUBIIUM TOJb-
ko B 2011 romy 1,76 TpaH. J0JIJI., a TAaKXe €XErogHbIM pocTOM (ITOpsIaKa
6—7 %) noxomoB JaHHOI1 oTpaciu. PocT 10xomoB oTpaciu 00yCIOBIEH He-
cKonbkuMHU akTopamu [3.2, 3.7, 3.8]:

— paciImpeHHeM Jucia aOOHEHTOB B TyCTOHAceJeHHbIX cTpaHax (Ku-
tait, Uamus, Poccust, Manaiizus, @uivnnunel, bpasuius, ApreHTrHa,
Ywim u 1p.), nocturmmx B 2011 romy 7 Mipad. 4eaoBeK;

— mepepacnpeneieHueM H3MEHEHHEM JOXOIO0B BHYTPH OTpaciu
C YBeJIMYEHUEM JOJU MOOMJIBHBIX a0OHEHTOB, COCTaBJISIONINX B HACTOSI-
LM MOMEHT nouTH 85 % B 00I1LIeM KOJIMYECTBE MOJb30BaTENEH;

— pacIIMpeHUeM CIIEKTpa MPeAOCTaBISIEMBIX YCIYT, OCHOBHOM 13 KO-
TOPBIX SBJISICTCS IIMPOKOIIOJOCHBINM HOCTYN K ceTu MHTepHeT, BKIOYa-
IOIIUI HE TOJIBKO Iepenady MaHHBIX, HO rojioca (yciyru Voice over Wi-Fi
u VoLTE), uzoopaxenus (Murepuer-TB) u ap.

HaGmonaemble TeHACHUMM Pa3BUTHSI CUCTEM TEJICKOMMYHUKAIIUIA
crnpasennuBel 1w Poccnn. Tak, mo ganaeiM [3.3, 3.5] 40 % ycayr cBsi-
31 MIPUXOIUTCS Ha MOOMJIBHYIO CBSI3b, YTO B ICHEXKHOM 2KBHBAJICHTE Ha
2012 rox coctasisut 679,2 MiH. py0. u3 1,53 mupa. pyo. 10X0I0B OTPaCII.
Emié ogHMM BaXXHBIM MOKa3aTeseM, ITO3BOJISIIOIINM CYIUTh O pacllupe-
HUU CIIEKTpa IMPEeAOCTaBISIEMBIX YCIYT TeJIEKOM-OIlepaToOpaMu, SIBJISICTCS
YUCJIO a0OHEHTCKMX YCTPOMCTB IMOIABMKHOI paguoresie)OHHOR (coTO-
Boit) cBsa3u Ha 1000 yenoBek HaceneHMs. JJaHHBIA TTOKa3aTellb OXBAThI-
BacT HE TOJBKO MOOWJIbHBIC TelaeOHB U cMapT(hOHBI, HO U IUIAHIIET-
HBbIC KOMITBIOTEPHI C BhIXomoM B MHTepHeT yepes3 ceTr coToBOI cBs3u. Ha
puc. 3.1 mpuBeaeHbI TUCTOTPAMMBI, TTOJYYeHHBIC IO UTOTaM CTaTUCTUYC-
CKHUX MCCJIeNOBaHU, MPUBEICHHBIX B [3.8] U WILTIOCTpUPYIOIIE U3MEHE-
HUE TaHHOTO MmokKaszaress 3a repuoa 2010—2015 rr. (TmepBslii KBapTai) IO
(denepanbHbIM OKpyram Poccuiickoit denepaliii ¥ 1Mo CTpaHe B LIEJIOM
C BhIJIeJIeHUEM JaHHBIX o ropogaM Mockse u Cankr-IleTepOypry, a Tak-
xke no KOxxHomy deaepaTbHOMY OKPYTY.
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Puc. 3.1. U3meHeHre ynciio abOHEHTCKUX YCTPOUCTB COTOBOM CBSI3U
Ha 1000 yenoBek HaceneHus B nepuona 2010—2015 rr. [3.8]:
a — 1o enepambHBIM OKpyram Poccuiickoit @enepanmm;
6 — 1o FOxxHOMy enepaibHOMY OKpPYTY

W3 aHanmn3a JaHHBIX PUCYHKOB cliedyeT, 4to mo Poccuiickoit ®Deme-
paLMy B HACTOSILIMIA MOMEHT YMCJIO0 A0OHEHTCKUX YCTPOMCTB MOABUKHOM
pamuotenedoHHOM (coToBOM) cBsI3n Ha 1000 4eToBeK HACEICHUS COCTaB-
qstet 1851, mo KOxxHoMy denepanpHOMY OKpyry — 1925, a mo PocTtoBckoit
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obsmactu — 1772, T.e. MOYTU ABAa ADOHEHTCKUX YCTPOWCTBA HA MOJIb30Ba-
tessi. Haubostee pa3BUTBIMU B JAHHOM OTHOILIEHUHU SIBJISIIOTCS LIEHTPAIb-
Hble Topoga — Mocksa u Cankr-IletepOypr. B HMX maHHBIX TOKa3arTesb
cocrasiset 3940 u 3408 coorBercTBeHHO. B OXHOM (henepanbHOM OKpy-
re HanboJiee UHTEHCUBHO YCIyTaMU COTOBOW CBSI3U TMOJIB3YIOTCS KUTEIU
KpacHomapckoro kpas (2248 aOOHEHTCKMX YCTPOWCTB) M ACTpaxaHCKOU
obmactu (1858 yctpoiictB). PoctoBckasi, Bonrorpanckas obimacts u Pe-
crybnuka KanMblkysi MOKa3bIBalOT MPUMEPHO OJMHAKOBBIE MOKA3aTeNn
(cootBercTBeHHO 1772, 1668 1 1615 ycTpoiicTB), MPUOIMKEHHBIE K CPEJI-
HUM mokazaressiMm 1o Poccuiickoit @eneparnu B 1ieoM. Cpeau oTcTao-
mux — Pecriyonuka Anpiresi, rae JaHHBIA MOKa3aTelb COCTABISET BCETO
1270 ycTpOICTB, YTO HAMHOIO MEHBIIIE CpeaHero no crpane. OObSICHEHU-
€M JaHHOW CUTYalluHU SBJISIOTCS, HAa HAIll B3MJISIA, CIEAYIOIINE TPUYUHBIL:

— COOTBETCTBUE YPOBHSI Pa3BUTUSI KOMMYHUKAIIUA YPOBHIO 3KOHO-
MWYECKOTO DPa3BUTHSI perMoHa (Tak Ha3biBaeMblii 3akoH Jxxuma [3.4]),
BBIPaXXEHHOE B 00Jiee BHICOKOM 3HAYEHWU MOKa3aTess i SKOHOMUYE-
CKU Pa3BUTHIX palioHOB — roponoB Mocksbsl U CaHkT-IleTepOypra, u 60-
Jiee HU3KUX 3HAYEHUSIX — JUII MEHEE Pa3BUTHIX B 9KOHOMUYECKOM IIaHe
peruoHoB CeBepo-Kapkazckoro (enepanbHOro oOKpyra;

— co3naHue B KpacHomapckoM Kpae COMOCTaBUMOI B KOJUYECTBEH-
HOM M KAaYeCTBEHHOM IUIaHE C XapakTepucTukaMu MockBbl U CaHKT-
ITeTepOypra uHGPacTPyKTyphl ISl MPOBEACHUS 3UMHUX OIMMIUNACKUX
urp 2014 rona u nanpHeiIelt NX dKCIUTyaTalueil B KypopTHO-0310POBU-
TeJIbHbIX pailoHax Kpasi[3.9];

— HEPa3BUTOCTBIO CETE MPOBOMHON CBSI3M B YOAJEHHBIX palloHax
Cubupu u JanpHero BocToka, rie OCHOBHBIM BUIOM CBSI3U CTAHOBUTCS
MOOWJIbHAS CBSI3b.

3.2.2. OnHoli u3 Haubosiee BOCTPEOOBAHHBIX B MOCJEIHEE BPEMS YC-
JIYT, KaK Y€ OTMEYajoCh paHee, SIBJISIETCS MPEeNOCTABIECHUE YCIYTU IIU-
pokonioniocHoro jaoctyna B MHtepHeT. 3a 2010—2011 roasl KoJn4ecTBO
MoJIb30BaTelieil JTaHHoW yciyru B Poccun Beipociio Ha 20 %, a 06bEM Tpa-
duka — Ha 80 % [3.3]. B pesynbrare Ha KoHerl 2014 Toga Y1CIO MOJIb30Ba-
Teseit MobuabHOro MHTepHera coctaBmio 62% ot o0lleil YUCIAEHHOCTU
HaceJeHUs] CTpaHbl, a OOIIMI 00BEM phIHKAa — 76 Muipa. pyo. Ilpu 3ToM
OIHOU M3 OCOOEHHOCTEN pacIIMpeHUs] ceTeii MOOWIbHOM CBSI3U SIBJISIET-
Cd HEPAaBHOMEPHOCTbh pacTpelesieHUsl MOoJb30BaTeseil mo ¢deaepalbHbIM
okpyram Poccuu, a Takxe no Hacen€HHbIM nmyHKTaMm. Ha puc. 3.2 mpuBo-
ngtcs gaHHble 13 [3.10] o mojie MOOMJIBHBIX TMOJIb30BaTeeil cpeau Bcex
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noab3oBateneit UntepHera, a Ha puc. 3.3 — o npoHUKHOBeHUU MHTEpHEe-
Ta (T.e. KOJIMYECTBA JI0AeH, Moab3yomuxcss MHTepHETOM) B 3aBUCUMOCTH
OT TUIIa HACEJIEHHOTO MYHKTA.

Honas 2013, % M Npupoct, 2004

il e] I
CH®O I
Maockoa |
OO I
Canr-Merepbypr ]
nad I
UDO Bea Mocnse ]
¥p@O |
Cadr |
C3®0 Ge3 CNG ]
¥
] 10 0 30 40 50 B0 70 B
Puc. 3.2. Honst MOOMIILHBIX TIOJIb30BaTE eI
cpeau Becex nosib3oBatelieit MnrepHera [3.10]
NpoHmrrosenre, ocens 20013, % B Npupacr, 2014
Mockea -
CannNMetephypr [ 1]
Topoga | mnn + L]
Fopoga 500 Tec. yen. — 1 wan |
lopona 100 mec. wen. = 500 Tec. yen, -
lopona meres 100 T=c. yen, [ ]
Céna I
NpaHuricserue, %
1] 1o 0 kL L] 50 50 T a0 L]

Puc. 3.3. [IponnkHoBenune MuTepHeTa
M0 TUMaM HaceNn€HHbIX MyHKTOB B 2014 roay [3.10]

AHaIM3 HAHHBIX Tpa@UKOB ITO3BOJIIET cAeiaTh BBIBOA O TOM, 4YTO
YHCIIO TOJIh30BaTeicii MOOMIbHOTO MHTepHETa B MOCIIEAHEEe BpeMs CY-
IIECTBEHHO BO3POCJIO M COCTaBIsIeT OT 55 mo 78 % ot oOiiero 4ucia
noJyib3oBaTeseid. I1py 3ToM OCHOBHOE WX YMCIIO MPUXOAUTCS Ha Troponaa
¢ HacenenneM ot 500 Teic. 1o 1 MIH. XkuTeseii. Kak mokaspIiBaeT aHaIM3
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JaHHbIX [3.10], mons BU3UTOB Ha CaWThl CO CMapT(HOHOB U IUIAHIIETOB
BBIpocia 3a ron ¢ koHna 2013 roma mo koner 2014 roga B moiropa pasa
U cocTaBisieT nopsaka 25 %. Ilpu aToM co cMapT(OHOB, T.e. Yepe3 ceTh
cOTOBOM CBsI3u, B KoHIle 2014 roma poccusiHe coBepIliayid MOYTH B JBa
pasa 0oJiblIe BU3UTOB, YEM C TUTAHIIETOB.

3.2.3. ¥YBeauueHue yuciaa abOHEHTOB ceTeli MOOMJIbHOI CBSI3H, a TaK-
K€ paclIMpeHue CIEeKTpa MPeloCTaBIIeMbIX UMU YCIYT e1aeT HEOOXOAM -
MBIM YBEJIMYEHUE YMCia 0a30BbIX CTAHIMIA JaHHBIX ceTei. Tak, Mo JaH-
HbIM [3.11] oO1ee yncio 6a30BbIX CTAHIIMI MOOUJIBHOU CBSI3UM Ha KOHEI]
2013 rona coctasuio 82 211, B ToMm uKciie cTaporo ctaHaapta 2G — 29 961,
nerictBytomero cranmapra 3G — 30 753, HoBoro ctanmapta 4G — 21 497.
CpenHsis TUIOTHOCTh pa3MelleHus 0a30BbIXx cTraHuMil B Poccuu cocrtas-
qgeT 11 equHul Ha 1 KBaapaTHBIN KWIOMETp, a B paifiOHaX MOBBIIIEHHOTO
MPOHUKHOBEHUS TaHHBIA MokKa3aTenb AoxoautT no 90 equHull Ha 1 kBa-
JIpaTHbIN kustomeTp [3.9].

Takum o6pa3oM, B guama3zoHe 4actoT oT 450 mo 3000 MIir ocHOB-
HBIM HKCTOYHUKOM 3JEKTPOMArHUTHOIO 3arpsi3HEHUS OKpYyXalolllen
cpenbl, 0OCOOEHHO B KPYIHBIX TOPOJaX, SIBASIOTCS CUCTEMBI TEIEKOM-
MYHUKALUN.

3.3. BamstHiie 2eKTpOMarHMTHOIO M3AyYeHMsI paAroAyana3oHa
Ha 340pOBbe a104en

3.3.1. IToBceMecTHOE pacmpocTpaHeHHEe 0a30BBIX CTAHLMI MOOWIIb-
HOI CBSI3M, a, CJEMHOBATEJIbHO, W IIOCTOSIHHOE YBEJIMYCHUE KOJIMYECTBA
WCTOYHHUKOB 3JICKTPOMAarHUTHOIO M3JIyYeHUs HE MOXET BBI3BIBATbH OITa-
ceHuit obecTBeHHOCTH. B cBs3u ¢ 3TuM B cT. 42 KoHcturyunu Poccuii-
ckoit ®enepanny 3anucaHo: «Kaxnbiit UMeeT MpaBo Ha 0JIaroNpUsITHYIO
OKPYXKAIOIIYI0 Cpey, JOCTOBEPHYIO MH(MOPMAIIMIO O €€ COCTOSHUHU U Ha
BO3MEIIICHNE YIepOa, MPUUYMHEHHOIO €r0 3I0POBBI0O WU MMYIICCTBY
9KOJIOTUYECKUM ITpaBoHapyieHuem» [3.13].

HccnenoBaHnio BIMSHUS 3JIEKTPOMArHUTHOTO M3JIyYeHUs] Ha 310-
pOBbe JTIOAel (Ha TOJOBHOM MO3I, KPOBEHOCHYIO M HEPBHYIO CHUCTEMBI,
Ha ceplevyHylo AesITeJIbHOCTb, Ha 0Opa3oBaHME OMyXoJjieil u Ap.), a Tak-
Ke OKpyXalollyio akocucteMy ¢ Havana 2000-X To0B OBIJIO MOCBSIIEHO
00JIbIIIOE KOJIMYECTBO paboT, Hampumep, [3.9, 3.14-3.26]. Ha ocHoBaHuM
KOPPEISIIIMOHHOTO aHajin3a CTaTUCTMYECKUX MaHHBIX ObLIa ITOKa3aHa
IOCTOBEPHAsI CBSA3b MEXIY Pa3BUTHEM CETH MOOWJIBHON CBSI3U U 3a00-
JIeBaeMOCThI0 HacesjeHUs. B yactHoctu, B Tabia. 3.1 u3 pabortnl [3.14]
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IPUBOAUTCA BBIABJICHHAA KapTMHA KIMHHUYCCKHUX HpOfIBJ’[eHI/Iﬁ BO3IEH-
CTBUA MUKPOBOJIH HAa OPraHMU3M Y€JI0OBCKA IMPpU pa3JIMYHbIX THTCHCHUBHO-
CTAX SJICKTPOMArHuTHOIO U3J1y4CHUA.

Tabauya 3.1
KapTtuna xiimHU4YecKrX NpOosIBJIEHUI BO3AECTBYUSI MUKPOBOJTH Ha
OpraHu3M YeJIoBeKa MPY PA3TUIHBIX MHTEHCUBHOCTSIX U3mydeHus [3.14]

HNHreH-
CHBHOCTb
HaGnonaemble u3MeHeHUsI
MMKPOBOJIH,
MBT/cMm?
600 BosieBblie oniylieHrs B mepuo o0IydeHus:
200 YTHeTeHre OKUCIUTETbHO-BOCCTAHOBUTEIBHBIX IPOIIECCOB
TKaHEeW
100 [ToBbIlIeHWE apTePUATBHOTO JABJICHUS C TIOCICAYIOIIUM €T0O
CHIXXECHUEM, B CJIydae XpOHMIECKOTO BO3ICHCTBUS — YCTOMUMBAST
TUTIOTOHUS. [IByXCTOPOHHSSI KaTapaKTa
40 Omymenue Tera. Pacimmpenne cocynos. [1pu obmydeHumn
0,5—1 9 nmoBeIieHUe gapaeHus Ha 20—30 MM PT. CT.
20 CTUMYJISLIST OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX TTPOLIECCOB
TKaHEW
10 N3MeHeHne OMO3IEKTPUYECKOI aKTUBHOCTU MO3Ta
8 HeomnpeneneHHbIe CABUTY CO CTOPOHBI KPOBU € OOIIMM BpeMEeHEM
obnyueHust 150 4, u3BMeHeHUe CBEPTHIBAEMOCTU KPOBHU.
OKTI-u3mMeHeHUs1, UBMEHEHMUSI B pEeLICTITOPHOM arrapare
4-5 WM3MeHeHUe apTepuaJbHOro JaBJIeHUS P MHOTOKPaTHBIX 00-
JIydeHUSIX, HEMPOAOKUTEbHAS JISHKOMEeHUs, SPUTPOIIEHUST
3—4 BaroToHunueckast peakiius ¢ CAMIITOMaMu OapuKapauu, 3amMeie-
HUE 3JICKTPOITPOBOAMMOCTH CEepIlia
2-3 BbipaxxeHHBII XapakTep CHUXKEHUS apTeprUaIibHOTO 1aBJICHUS,
y4aleHue IyJibca, KojiebaHusi 00béMa KpOBU ceplla
1 CHIXeHIE apTeprabHOTO JABJICHUS, TCHACHUINS K YUaIlEHUIO
MyJibca, He3HAUMTEIbHBIE KOJieOaHUs 00bEMa KPOBU Cep/lia.
0,4 CiyxoBoii a¢ddeKT
0,2 Hexkoropsle n3MeHEHHST CO CTOPOHBI HEPBHOW CUCTEMBI TTPU XPO-
HUYECKOM BO3IeKCcTBUU B TeueHue 5—10 et
0,1 DKTI-u3meHenust
00,5 IMoHukeHue apTepuaaIbHOro JaBJIeHUS TPU XPOHUUECKOM BO3-
NEUCTBUU
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Crenyetr OTMETUTD, YTO MEXaHU3MbI OMOJIOTUYECKOTO IEACTBUS CIA0BIX
3JIEKTPOMArHUTHBIX U3IyYEHUI TEXHOTEHHOTO MPOUCXOXIEHUS Ha KUBbIE
OpPraHU3MBbI, KaK TOKa3aHo B pabote [3.14], moka 10 KOHIIAa ocTaloTcs He
BBISICHEHHBIMU, OTCYTCTBYET JJI1 HUX U OOLIENTpU3HAHHAS TEOPUS.

3.3.2. HenmocpenctBeHHast OLlEHKAa U MPO(PUIAKTUKA SJIEKTPOMATHUT-
HOTO 3arpsI3HeHUSI OKpYXKalolllel cpelbl, KaK IToKa3aHo B padote [3.14],
3aTPYIHEHBI CIETYIOIIUMU OOCTOSATEIbCTBAMU:

— HEBO3MOXHO B OOJIBIIMHCTBE CIy4aeB OrpaHUYEHME BbIOpOca 3a-
TPSI3HSIONIETO (haKTOpa B OKPYXAIOIIYIO CPEAy, MOCKOJbKY U3Ty4eHUE —
OCHOBHOE CPEJICTBO Uil TepeHOoca UH(POPMALIUU Y PAAUOTEXHUYECKUX CU-
CTeM, a TAaKXe 3aMeHa JaHHOTO (pakTopa Ha MeHee OJIaronpUsTHBIN (hakTop
WJIA € OTPaHUYEHUE JIEKTPOMATHUTHOIO TOJIS O MPUPOTHOTO (POHA;

— JIOJITOBPEMEHHBIM BO3JEHCTBUEM B TOPOICKMX YCIOBUSIX 3JIEKTPO-
MAarHUTHOTO MO (KPYIJIOCYTOYHO U Jaxe Ha NPOTSXKEHUU psia JIET) Ha
OoJTbllIEe KOHTUHTEHTHI JIIO/IeH, BKITIOYast JE€TEH, CTAPUKOB U OOJbHBIX;

— HEBO3MOXHOCTBIO CTATUCTUYECKOTO OMUCAHUS MapaMeTpOB M3JTY-
YEHUIA MHOTMX WUCTOYHUKOB, PACTPENENEHHBIX B MPOCTPAHCTBE U UMeE-
IOIIUX Pa3JIUYHbIE PEXUMBI pabOThl, B PE3yJbTaTe Yero BO3MEUCTBUE Ha
HaceJeHue AOJDKHO PacCMaTpUBaThCS W KaK CYMMApHBIN 3JIeKTpoMar-
HUTHBIA (HOH (MHTETpaIbHBINA MOKA3aTedb) U KaK BO3IEUCTBHAE CUJIbHBIX
3JIEKTPOMATHUTHBIX MOJIEN OT OTAEIbHBIX UICTOYHUKOB.

3.4. 3agaun 2AeKTPOMarHUTHOTO MOHIUTOPMHTA
OKpYy>Kalollen cpeabl

3.4.1.B cBI31 ¢ HEBO3MOXHOCTBIO MPOBEACHUS NPOPUIAKTUUESCKIX
MEPOTIPUSITHAIL Ha BCE TEPPUTOPHUH, TIE Pa3MEIAOTCs U3TyJaroIIie paaro-
TeXHUYECKUe 00BbEKThI, HEOOXOAMMO OCYILECTBIISITh HAOMIOACHUE 32 BO3ACH-
CTBYIOIIM (haKTOPOM, IIPOBOIUTEH OLIEHKY COCTOSIHMSI CPEIbl 10 COOTBET-
CTBYIOIIIM KPHUTEPHSIM, IIPOTHO3MPOBATh 0OCTAHOBKY 10 JTaHHOMY (haKTopy
¥ CO3IaBaTh MH(OPMAIIMOHHBIE CHCTEMBI PA3IMYHOIO IIEJICBOIO Ha3Haue-
HUSI, T.€. OCYLIECTBIATh 3JIEKTPOMArHATHBI MOHUTOPUHT [3.15, 3.16].

J1s1 OLIEHKU COCTOSTHMSI CPEIIBI IO JIEKTPOMArHUTHOMY (haKTOpy BBeIe-
HBI B IEHCTBUE CHEUAIbHBIC TOKYMEHTBI, PEIIAMEHTUPYIOIIUE IIPeneIbHO
nomyctumbie ypoBHU (ITHY) 31eKTpOMarHUTHOTO TOJISI TIPU BO3IEHCTBUU
Ha 4estoBeka. ITom HUMU TOHMMAIOTCST YPOBHM BPeIHOTO (haKTopa, KOTOPBII
He IOJDKEeH BbI3BaTh 3a00JI€BaHNI WJIM OTKJIIOHCHMIT B COCTOSIHUM 300POBbSI,
OOHApYXMBAEMbIX COBPEMEHHBIE METOAAMU KCCICOOBAHUN, B OTIAJICHHbBIE
CPOKM XKM3HU HACTOSILLETO 1 OyayILero mokojeHui [3.26—3.29].
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IIpenenpHO AOMYCTUMBIN YPOBEHb YCTAaHABJIMBAETCI MO OMOJIOTU-
YEeCKHUI aKTUBHOMY MapaMmeTpy BozAeicTBylolero ¢akropa. B oreue-
CTBEHHBIX HOPMAaTUBHBIX NTOKYMEHTaX HOPMUPOBAHUE 3JEKTPOMArHUT-
HOTO MOJISI MPOU3BOIUTCS OTAEIBHO 11 MPOU3BOACTBEHHOTO MEPCOHAa
v HacesieHUs. B Ta6u. 3.2 u3 [3.26] mpuBOAsATCS BpeMEHHBIE JOITyCTUMbIE
YPOBHU BO3JEWCTBUS 3JE€KTPOMArHUTHBIX U3JIYYEHUIi, CO3IaBaA€MbIX CU-
CTeMaMU COTOBOM CBsI3U. JUIS JAHHOrO AMamna3oHa 4YacTOT B KayecTBe
KpUTEPHUS UCIIOIb3YETCH BEJMYMHA IJIOTHOCTU MoToKa 3Hepruu (I1I19)
[MkBT], mpuxoasiieiicst Ha 1 ¢cM? TOBEPXHOCTHU.

Tabauya 3.2
BpeMeHHbIe nomycTUMBbIE YPOBHU BO3AEHCTBUS
ANIEKTPOMArHUTHBIX M3Ty4eHUiA, CO3MaBaeMbIX CHCTEMaMU COTOBOM CBsi3u [3.26]

Kareropust o0ayyeHust nay
[IpodeccuoHanbHOE BO3AEHCTBIE M3, = 200/T mxBr/em* — T1Y
3a pabouyio cMeHY B 7 9acoB;

Mo, ., = 1000 mxBt/cM? — Makcu-

nmy
MaJIbHO JAOITYyCTUMOE 3HaUYeHUE

HenpodeccuonanbHoe Bo3nelicTBUe:
— o0JiyyeHUue HaceleHusl, TPOKMBa-
IOIIIETO Ha MpUJIeraloleil cemuTeOHoM

TepPUTOPUU, OT aHTEHH 0a30BbIX l'[l'[SIuIy = 10 MxBTt/cMm?
CTaHIIUM;
— o0JsiyyeHue MoJib3oBaTeeit paauo-

= 2
TenedOHOB M3, = 100 MmxBr/cMm

AHanu3 maHHOM TaOJMIIBI MOKA3bIBaeT, YTO IIPEAeIbHO IOIYCTHMBIC
YPOBHU [IJIs1 MPOM3BOICTBEHHOIO IEPCOHAMa M HAaCEJIEHUSI CYIIECTBEHHO
pasnmuyatores: IT1Y n1s mpou3BoACTBEHHOIO MepcoHana B 2—3 pa3a BBbIIIIE,
JeM IJIS1 HaceJeHUsl. DTO OOYCIOBJICHO TeM, YTO MUISl TIPOU3BOIACTBEHHOIO
IepcoHaja Npu padoTe B YCIOBUSX BO3NEUCTBUS 3JIEKTPOMArHUTHOTO ITOJIS
00s13aTeIbHBIMU SIBJISIIOTCS KaK MepHOANIYecKre METUIIMHCKIE 00CIea0Ba-
HMUS, TaK ¥ MOJIyYEHUE PA3IMYHBIX BUIOB MATEPUAJILHON 1 COLMAIBHOM T10-
Moy [3.27]. ¥V HaceneHMs1, MPOXUBAIOIIETO Ha TIpUJIaralolieii K aHTeHHaM
COTOBOM CBSI3M CEIUTECOHOM TEPPUTOPUM, MOJ KOTOPOIl IMTOHMMAETCST Tep-
PUTOPUST HACEJIEHHBIX ITYHKTOB, OTBEIEHHAS MO XKIJIbIe KBApPTAJIbl, OOIIIe-
CTBEHHBIC 3IaHMSI, ITapKu, OYyJIbBAphl U T.II., JaHHBIE JBIOTHl OTCYTCTBYIOT.
Kpome Toro, nuama3oH COCTOSIHUII OpraHM3Ma y HaceJeHMs] 3HAUUTEIbHO
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mupe (OT pedbeHKa JO MOXWIOTrO YeJIOBEKa, OT 3[0POBOrO YeJIOBeKa A0 TS-
2K€JI0 OOJIBHOT0), YeM y TPOU3BOJCTBEHHOTO MTEPCOHAA.

J7s1 3a1IUTHL HACEJIEHUS] OOBIYHO B MECTaX PACIOJIOXEHUS U3Ty4yaro-
IIUX 3JEKTPOMATHUTHOE MOJIE CPENCTB PACCUUTHIBAETCS CAHUTAPHO-3a-
muTHBIE 30HBI (C33), K KOTOPBIM OTHOCSTCSI CIEUAJIbHbIE TEPPUTOPUUA
C 0COOBIM PEXUMOM HCIOJIb30BaHUS, YCTAHABIUBAEMbBIE BOKPYT OOBEKTOB
U TIPOU3BOACTB, SBJISIOIINXCS UCTOYHUKAMU BO3JAEWCTBUS Ha Cpery oOu-
TaHUs U 300poBbe yenoBeka [3.28]. B maHHBIX 30HAX OOIMYCKAaeTcs pas-
MellaTh TOJBKO 3[aHUS U COOPYXEHUS JUISI OOCTYXXKMBAHUS PAOOTHUKOB
00beKTa U TS o0ecTieyeHUs NeITeIbHOCTH 00BbEeKTa.

BBoaumeie TakuM obpazom [IJIY Ha a71eKTpOMarHUTHOE 3arpsi3He-
HUE HOCAT CAaHUTAPHO-TUTUEHWYECKUU XapaKTep, a HE SKOJOTMYECKUM.
CrnemyeT OTMETUTh, YTO MHOTHE KOMIIOHEHTBI OKPYXalOIIe cpeabl oKa-
3bIBAIOTCSl 00JIee YYBCTBUTEIBHBIMU K 3JIEKTPOMATHUTHOMY TOJIO, YEM
YeJI0OBEK, U PEe3KO NEerpaavpyloT WA HUCYE3al0T MPU MHTEHCUBHOM BO3-
neiicteuu [3.18, 3.19, 3.21-3.23].

3.4.2. BBITIOTHUM aHAJIN3 BUIOB 3JIEKTPOMAarHUTHOTO MOHUTOPHHTA.
B cootBeTcTBUM ¢ paGotamu [3.15, 3.16] mo ueneBoi HampaBleHHOCTH
pa3INYaloT CAEAYIONINE BAIbI MOHUTOPUHTA:

— DJIEKTPOMATHUTHBI MOHUTOPUHT JJIS1 OLIEHKW CAaHUTAPHO-TUTHEHYE-
CKOTO COCTOSTHUSI OKPYXKAlOIllel Cpelibl, 3arpSI3HEHHON 3J€KTPOMArHUTHBIM
TIOJIEM SHEPTETUUYECKUX U TEIEKOMMYHVKALIMOHHBIX TEXHUYECKUX CPEAICTB;

— T€03KOJIOTUYECKUN SIEKTPOMArHUTHBIA MOHUTOPUHT COCTOSIHUS
OKpYXaIoIIEeH Cpelbl;

— COILIMAJIbHO OPUEHTUPOBAHHBIN 3JIEKTPOMATHUTHBI MOHUTOPUHT;

— OMEPATUBHBIN 3IEKTPOMAarHUTHBIA MOHUTOPUHT.

MOHUTOPUHT 3JIEKTPOMATrHUTHON OOCTAaHOBKM, OCYIIECTBJISIEMBINA
U 1eJiel CAaHUTapHO-TUTUEHUYECKOW SKCIEePTU3bl, MTPOBOAUTCS Ha
3Tanax MPOEKTUPOBAHUS, CTPOUTENBCTBA W IKCIUTyaTallUU U3Ty4daro-
IIUX TEXHUYECKUX cpeacTB. OCHOBa TaKOTO MOHUTOPUHTAa — MPOTHO-
3UPOBAHUE IJIEKTPOMATHUTHOW OOCTAaHOBKU PACUYETHBIMU METOAAMMU.
Pacuetsl 0OBIYHO MPOBOASATCH HA KPUTUUYECKUE PEXUMBI PAOOTHI: YC-
JIOBUSL TIPSIMOUM BUAMMOCTH, TMpEAeNbHbIE HArpy3Ku, MaKCHUMaJlbHbIE
WU3JIy4yaeMble MOIIHOCTU U Mpouee. Pe3ynbpraThl 0OpMIISIOTCS B BUIE
CaHUTAPHO-TUTMEHUYECKOTO 3aKJIOYEHUS Ha HU3JIydyalollluii OOBEKT
U BKJIOYAIOT B ce0s MaTepuanabl MO CAHUTAPHO-3AIIUTHBIM 30HAM
KOHKpeTHOoro oowekrta. s dopMupoBaHus 00OOIIEHHON KapTUHBI
MOJISI TOPOJa OHU MAJIONPUTOIHBI.
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OCOOEHHOCTSIMU TE€O0RKOJIOTUYECKOTO MOHWUTOPUHTA SBJISIOTCS OX-
BaT OOJIBIIMX TEPPUTOPUI, a TaKKe OOJIBIIOE KOJIUYECTBO PA3ZHOPOIHBIX
TEXHUYECKUX CPEACTB, MPOCTPAHCTBEHHASI PAa3HECEHHOCTh U3JIyYaroUIUX
00BEKTOB, BIMSIHUE peibeha MECTHOCTH U 3aCTPOMKM HA 3JI€KTPOMAarHUT-
HYI0 00CTaHOBKY. {7151 OLIEHOK 3JI€KTPOMarHMTHOU 0OCTaHOBKU TpedyeTcs
HaJIMYME CUCTEMBI OOOOIIEHHBIX OLIEHOK KaK OOOpYAOBaHUS, TaK U CO3-
JlaBaeMoii UMM yrpo3bl. [loydyaembie pe3yabTaThl TOXKHBI 00eCIIeYuBaTh
OLIEHKY BKJIA[IOB U3JIyYalOIIUX CPENCTB U BO3MOXHOCTb MPOTHO3UPOBA-
HUS SHEPreTUYeCKUX 3anacoB 000pyAOBaHUS.

ColMalbHO OPUEHTUPOBAHHBINA 3JIE€KTPOMATHUTHBIA MOHUTOPUHT
0o0ecrieyrMBaeT CBOEBPEMEHHOE U OINEpPaTUBHOE UH(MOPMUPOBAHUE HAce-
JieHUsI 00 ypOBHE 3JIEKTPOMATHUTHOIO 3arps3HEHUST TOM WJIW WHOU Tep-
PUTOPWH, C HATJISIMHOW BU3YyaIn3alveil MoydeHHbIX JaHHbIX [3.30—3.41].
Pe3ynbraThl TaHHOTO MOHUTOPUHTA TOJKHBI OBITh TOCTYITHBI HACEJIEHUIO
U MOTYT HEMPEPBIBHO KOPPEKTUPOBATHCS C MOSIBIEHUEM HOBBIX MTPOOJIEM
U BOTIPOCOB 1O 2JIEKTPOMAarHUTHON OOCTaHOBKE.

Llenpto omepaTMBHOTO 3JEKTPOMAarHUTHOTO MOHMTOPWHTA, OCY-
LIECTBJISIEMOTO ONEepPaTOpaMU TEJIEKOMMYHUKAIIMOHHBIX CETEH, SIBJISIETCS
OLIEHKAa BO3MOXHOCTE COBPEMEHHOTO 0OOPYAOBaHUSI U pabOTOCIIOCOO-
HOCTU TEJIEKOMMYHUKAIITMOHHBIX CETEH.

3.5. Pemenne 3agaum Bu3yaansanyuy pe3yabTaToB
IIpn conaabHO OPMEHTUPOBaHHOM
941€eKTPOMAarHnuTHOM MOHUTOPVHIE oxpyxalomeﬂ[ cpeAabl

3.5.1. B ycnoBusIX yXyaiieHus 3JIeKTPOMarHUTHOM 00CTaHOBKM B TOpPO-
JIax ¢ OOJIBIION YMCICHHOCTBIO HACETICHUST COIIMATbHO OPUEHTHUPOBAHHBIN
9JIEKTPOMAarHUTHON MOHMTOPUHI CTAaHOBUTCS OCO0O BOCTPEOOBAHHBIM.
Hapsiny ¢ ocHOBHOI1 3amayeii — He0OXOAMMOCTHIO MH(OPMUPOBAHMS Hace-
JIGHUST O BO3MOXHBIX MOCENCTBUSIX [IJIS1 3MOPOBbSI MOJIST U3TyYEHUS] aHTEHH
COTOBOIi CBSI3M, pa3MeIllaéMbIX B HETIOCPEACTBEHHON OJM30CTH OT KWJIBIX
3MaHUN — pe3y/IbTaThl BU3yaIu3allii MOTYT ObITh UCIIOJb30BAHbI:

— st GOPMYJIMPOBKM HAy4YHO OOOCHOBAHHBLIX PEKOMEHAALIWI 10
BBIOOPY I'paHUIl 00JACTeil TepPUTOPUIL, B KOTOPBIX HEOOXOIUMO ITPOBE-
JIEHUE UCCJIEAOBAaHUI IPYrMMU METOJAaMU, HalpuMep, TUTUEHUYECKUX
U BIUAEMHUOJIOTUYECKUX, a TaKXKe OCYIIESCTBICHMSI TPAKTOBKM ITOJIyYa-
€MBIX PE3yJIbTaTOB;

— JUIS1 BBIOOpA KOHCTPYKIIMY aHTEHHBI IIPY YCTAaHOBKE B XKMJIOM paiio-
He ¢ y4€ToM TpeboBaHuii akonoruu [3.24, 3.25];
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— JUTSI OIIEHKW BJIUSIHUSI PE3YJIBTaTOB MOAEPHU3AIUM KOHCTPYKIIUU
AHTEHHBI Ha U3MEHEHUE IKOJIOTUIECKON CUTYalluM B paiioHe.

3.5.2. PemieHre 3agauM BU3yaJIM3allMA OLIEHKU 3JEKTPOMATHUTHOW
00CTaHOBKM PAacCMOTPUM Ha TpUMepe TOJsl aHTEHH TTOIBVKHOM CBS3M,
yCcTaHaBIMBaeMbIx Ha 3maHusX. [1ocKONbKy BBICOTA UX YCTAaHOBKU He-
OoJbIlIasl, a HampapjieHNEe MaKCUMAaJTbHOTO W3JIyYeHUs] OPUEHTUPOBAHO
K MOTPEeOUTENISIM, T.€. B CTOPOHY 3€MJIM, TO B MeCTaxX ¢ OOJIBIION TIOTHO-
CTbIO HACENeHUs] OHU CTAHOBSITCSI OCHOBHBIM MCTOYHWMKOM YXYIIICHUS
AKOJIOTUYECKOU cutyanmu. [TomyueHre NCXOMHBIX JaHHBIX TSI BU3YaJv-
3aIMM 2JIEKTPOMArHUTHON OOCTAHOBKM BOJM3M pa3MellleHUs M3Tydaro-
IIIETO PATMOTEXHUIECKOTO 00BEKTa, T.e. pacTpeiesieHre TUIOTHOCTH ITOTO-
Ka DHEPTuY B TIPOCTPAHCTBE, MOXKHO TOTYYUTh HECKOTBKUMU METONAMH,
HampuMep, METOIOM WHCTPYMEHTaIbHBIX u3aMepeHuii [3.19, 3.21, 3.42,
3.43], MeTomoM pacuéTHoro mporHosupoBaHust [3.16, 3.19, 3.32, 3.33].
MeToa WHCTPYMEHTAIBHBIX M3MEPEHU, OOBIYHO TPUMEHSIEMBII K yXe
YCTAaHOBJICHHBIM aHTEHHaM, He ITO3BOJISIET OOBSICHUTH HAOIIONAEMYIO
KapTUHY pacripeieJieHUs TUIOTHOCTH TT0TOKa Hepruu. MeTton pacyéTHO-
TO TIPOTHO3UPOBAHMS, B OCHOBE KOTOPOTO JIEKUT MPUMEHEHUE CTPOTOM
AJIEKTPOJMHAMUYIECKON TeOopuH, NaéT BOZMOXHOCTh OLIEHUTh BKJIAI pa3-
JIMYHBIX (DAKTOPOB B TONydaeMyl0 KapTMHY 3JIeKTPOMarHUTHOU oOcTa-
HOBKM YK€ Ha 3Tarie TpoeKTUPOBAHWSI aHTEHHBI, a TAKXKe MecTa e€ pa3me-
meHust. B cBSI3W ¢ 9TUM B IaibHeliIeM OyieM paccMaTpyuBaTh Pe3yIbTaThl
WCCIIEIOBAHMI, BHITIOJTHEHHBIX C €T0 MCTIOJIb30BAHUEM.

3.5.3. Meton pac4éTHOTO TIPOTHO3UPOBAHUST TIPUMEHSIETCS B PsIEe TIPO-
rpaMM M TIPOrpaMMHBIX KOMILUIEKCOB, HampuMmep, B [3.19, 3.34, 3.40, 3.41,
3.44], ocyIIecTBISIONIMX PACYEThI pacIipeaeeHns] TUIOTHOCTU TTIOTOKA SHEp-
TMM OT aHTEHH Pa3IMYHBIX WU3JIy4YalolUX pPaTMOTEXHUUECKUX OOBEKTOB.
[Tporpammbl TIpeHa3HAYEHBI TSI BU3YyIU3AIIMK PE3YJIETATOB PACUETOB TIPU
peIlIeHNN Pa3IMYHBIX MPAKTUYECKUX 3a/1ad, HaurHas C HaXOXIEHWs Tpa-
HUI[ CAaHWTAPHO-3AIMTHBIX 30H OT M3TyYalolIMX OOBEKTOB M 3aKaHUWBas
pacripefiefieHeM IUIOTHOCTH TIOTOKa SHEPTMM aHTeHH B TOPU3OHTATHHOMN
¥ BePTUKAITLHOM TIOCKOCTSIX. Tak, st peleHust 3a1a4 oleHK 6e301macHO-
CTU HAXOXIEHUsI OOCITY>XKMBAIOIIETO TIepCOHAa Ha KPBIIIe 3MaHusT BOIU3U
paboTaroliieit aHTeHHBI, a TAKXKe OLIEHKU 0e30TTaCHOCTH /TSI SKUTEJIEi TOMOB,
BOJIM3M KOTOPBIX YCTaHABIMBAETCS aHTEHHA, HauOojee 4acTO BO3HUKAIO-
IMX TIPU TPOBEIEHNN COLMAIIEHO OPUEHTUPOBAHHOTO 3JIEKTPOMArHUTHOTO
MOHUTOPUHTA, OoJiee 11e71eco00pa3HO MCIIONb30BaTh KOMITIEKC TPOTpaMM
[3.40, 3.41], ormcanue paboOTHI KOTOPBIX TipuBeneHO B [3.39]. [Tporpammbl
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MpeTHAa3HAYEHBI 7151 BU3yaJIU3allMM PACYETOB BEIMUMHBI TJIOTHOCTU MOTOKA
SHEPruy OT AHTEHH CUCTEM IOJBWXHOM CBS3U B IJIOCKOCTSIX (TOPU30HTAIIb-
HOIi U BEPTUKAJIBHOI), a HE B OTIEJbHBIX TOUKAX.

3.5.4. IlpuBeaém mpumep BU3yaTM3alMU 3JIEKTPOMAarHUTHOW OOCTa-
HOBKU BOJIN3M aHTEHHbBI MOABVKHOU CBSI3U, YCTAHOBJIEHHOW Ha KpbILIE
3MaHus, ¢ UCTIONb3oBaHueM nporpamm [3.40, 3.41]. Jdns dopmupoBaHust
MCXOMHBIX TaHHBIX BOCTIOJb3yeMcCs pe3yiibTataMu paboThl [3.36], B KoTo-
poli OBUIO TTOKA3aHO, YTO HA MUPOBOM PBIHKE COTOBOM CBSI3M IMPEACTaB-
JIeHbl Kak 0ojee ctapble craHgapTbl IMT-2000, Tak 1 ero 6ojiee HOBbIE
pazHoBugHOocTM — 3G u 4G. JIng MOABMXKHOW paguoCBsS3U CTaHOapTa
IMT-2000 B cCOOTBETCTBUU C PpeKOMEHAAUUIMU MeXKayHapOoIHOIo col3a
anektpocBsisn MCBO-R M.1036-3 ompeneneHbl yacToThl 806—960 MIii,
1710—1885 MIix u 2500—2690 MIi1. a1 cucTeM TpaHKMHIOBOM CBSI3U
B EBpone 3akperuiensl nuana3onsl 380—395 MIi (a1t cimy6 6e3o0macHo-
ctin), 410—470 MIi1 (st KoMMepYeCKNX OpraHU3alnii). DIeKTpUuIecKue
MmapaMeTpbl aHTEHH HauboJiee TUMMUYHBIX JUis1 Poccuu cucteM moaBUXKHOM
CBSI3U MPUBENCHBI B Tabi. 3.3.

Tabauya 3.3
DieKTpUdecKue mapaMeTpbl TUIIOBBIX aHTEHH 0a30BBIX CTaHLIMIA [3.36]
.| Koad- |upuHa rmaBHoro | MakcuMaabHO
YacToTHbIi
Mopens MATA30H, ¢unment |Jenectka [AH, rpan| momyctumas
AHTEHHBI MTit YCUIIEHUSI, i . BXOJHAast
b L. IL. | MomHOCTB, BT
AHTEHHBI TPAaHKUHTOBOU cBsi3u cTaHmapta TETRA
RAV-2UL-90 400—430 8 37 90 400
RAV-4UL-90 400—430 11 18 90 400
RAO-4U-120 400—470 8 36 120 400
RAX-2UL-70 400—430 9 36 70 400
RAX-4UL-70 400—430 12 18 70 400
RAO-2U-60 380—440 10 36 60 500
AHTEHHBI CUCTEMBI COTOBOI cBsi3u cTaHnapta GSM (3G)
RAO-11GL-60 860—970 11 30 60 50
RAO3-10GH-60 | 1710—1880 13 18 60 50
RAO-14GL-70 860—970 14 15 70 50
AHTEHHBI CUCTeMbl COTOBOI cBsi3U cTaHaapta LTFE (4G)
RAX-14Yota-70 | 24002700 142 | 8 | 65 | 50
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s cokpateHus 00b€Ma UCCIeI0BaHUI BOCTIONb3yeMCSI PEKOMEHIY-
eMbiM BceMupHOl opraHu3anueil 3MpaBOOXPAHEHUS «MIPEAYNPEAUTENb-
HBIM IPUHIUTIOM» [3.22] 1 pacCMOTpUM HAUXYAIINE C TOUKW 3PESHUS BIIH-
SIHUSI Ha 3JIEKTPOMArHUTHYIO 3KOJIOTMIO BapUaHThl KOHCTPYKIIUI aHTEHH.
C 3Tol1 1eIbI0 BEIOEPEM ST KaXKIIOTO CTaHAAPTa aHTEHHBI ¢ HAMOOJIBIIINM
pa3MepoOM CaHUTAPHO-3alllMTHON 30HBI MO YPOBHIO MaKCMMAaJIbHOTO W3-
JlyueHusl, T.e. HA YPOBHE pa3MmellleHusl (a3oBOro lieHTpa aHTeHHBI. Jlis
aHTEeHH M3 Ta0JI. 3.3 maHHBIE CBeICHUS MPOWLIIOCTPUPOBAHEI Ha puc. 3.4.

RAN-4UL-T0; 69.59
RAV-4UL-90; 62.023
RAO-2U-60; 61.803
RANX-2UL-TO; 49.267
RAO-4U-120; 43.909 TETRA
RAV-2UL-90; 43.909

RAX-14Y0ta--70; 31,696 4G
RAQ-14GL-70; 30.975

RAO3-10GH-60; 27.606 3G
RAO-11GL-60; 21.929

0 10 20 30 40 50 60 70 Ryp.M

Puc. 3.4. Pazmepbl caHUTapHO-3alUTHBIX 30H
10 YPOBHIO MAKCUMAJIBHOTO U3JTyYeHUS] aHTCHHBI

C y4éToM HaHHOTO <«IIPEAYIPEIUTEIIBHOTO TPUHIIMIIA» K HaWXYyI-
MM BapMaHTaM 10 KaXkIOMy CTaHAAPTY CBSI3U MOXHO OTHECTU: aHTEHHY
TpaHKMHToBoi cBsi3u RAX-4UL-70, anteHHy RAX-14Yota-70 crangapta
4G n anteHHy RAO-14GL-70 cranaapta 3G.

[anee BBenEéM orpaHMYeHNWE Ha MUHUMAJIbHYIO BBICOTY pa3MEIICHUS
(ha30BOro LIEHTpa aHTeHHbI Haj MOBEpXHOCTHIO Kpbiliu [3.19, 3.33], oby-
CJIOBJICHHOE MCIIOJIb3yeMOM 2JIEKTPOAMHAMUYECKOM MOIEIIbIO: TaHHAs BbI-
COTa Z, IOJKHA YIOBJICTBOPSITE YCIIOBUIO zf> 212/\, tne L — HanOOJbIIINIA
pa3Mep T0 BepTHKAIU UCTOYHMKA M3ITydeHus [M]; A = ¢/f — pabodast mm-
Ha BoJiHbI [M]; ¢ = 3-10% [M/c] — cKopocTb cBeTa; f — paGoyast yacrora |[[i1].
C y4€TOM crenaHHBIX NOIYIIEHW W BBEAEHHBIX OTpaHMUYEHUI 3JIEKTpH-
YecKHe MapaMeTpbl TeOMETPUIECKUX MOJeieli UMEIOT BUII, TIPUBEICHHBIN
B Tabu. 3.4. Ha puc. 3.5,a,6 nmpuBeAeHbl IPaHUIIbI CAHUTAPHO-3aIIUTHBIX
30H MO YPOBHIO MaKCHMAaJTbHOTO W3JIyYeHWS] B BEPTUKAIBHOW W TOPH-
30HTAJIbHOM TIJIOCKOCTSIX COOTBETCTBEHHO IUIS MCCIIeMyeMbIX aHTeHH. Ha
pYICYHKaX TIPUHATHI ClIeAylolIne o0o3HaueHus: 1 — aHTeHHa cTaHmapTa
TETRA; 2 — anteHHa ctaHgapta 4G; 3 — aHTeHHa ctaHgapTa 3G.
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Tabauya 3.4
DekTpuIecKre apaMeTphl NCClieNyeMbIX aHTeHH 06a30BbIX CTaHIT [3.36]
MakcumasibHO Bricota
CpenHsisa
Monenb yacTora Koadpduumenr | momyctumast pa3MelleHUsT
AHTCHHBI MT | ycunenusi, nb BXOJIHast ¢$a30Boro LeH-
1 MOIITHOCTb, BT | Tpa aHTeHHBI, M
RAX-4UL-70 415 12 400 4,2
RAX-14Yota-70 2550 14,2 50 3,5
RAO-14GL-70 915 14 50 6,3
Byw
40
30
p 1]
10
0
0 10 0o Rwm

0 70 60 50 40 30

XM

80 70 60 S0 40 30 20 10 0 -10 Rom

0

Puc. 3.5. [paHu1bl cCaHUTAPHO-3AIUTHBIX 30H JIJISI UCCIIENyeMbIX aHTEHH
10 YPOBHIO MAKCUMAaJILHOTO M3JTyYEHMUSI:
a — B BepTUKAJIbHOM TNIOCKOCTH; 6 — B TOPU3OHTAJIBHOM ITJIOCKOCTH;
1 — RAX-4UL-70; 2 — RAX-14Yota-70; 3 — RAO-14GL-70

I[Ip mpoBemeHUM WCCIeHOBAHUM TIPENNONarajioch, YTO aHTCHHBI
pa3MeIaarich Ha 30aHWUU, YIJIBI KPBIIIM KOTOPOM OIpPEACIISTIOTCS B Ae-
KapToBoil cucteMe KoopaumHaT ToukKamm A(0; 0; 30), B(—7; 40; 30),
C(—13,5; —4; 30), D(-2,5; —8,5; 30).
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CTpyKTypa moJisl UCCAEA0BAIach B IBYX IUIOCKOCTSIX: TOPU3OHTANb-
HOI, MPOXOISIIE Ha BBICOTE 2 MeTpa MapaJyIeJIbHO MOBEPXHOCTU KPBI-
IIU, U BEPTUKAJIBbHOW, MPOXOAslleil 4yepe3 (ha30BbIii LEHTP AHTEHHBI
¥ HampaBJIeHHUEe MaKCUMAaJIbHOTO U3ydeHusi. Kpome TOro, monarajiocs,
YTO aHTEHHa pa3MelleHa MOCpPeINHE OJHOW M3 KPOMOK, a Halpasie-
HUE €€ MaKCUMAJIbHOTO U3JYyYEHUSI OPUEHTUPOBAHO B CTOPOHY OT 3.a-
HUS, TEPHEeHIUKYIIPHO Kparo KpbIliK. Takoe pa3MelleHUE OTHOCUT-
cs1, Kak mokasaHo B [10.36], K omHOMY M3 TUIWYHBIX BapuaHToB. Ha
puc. 3.6 u 3.7 IpuBOASATCA pe3yJbTaThl MCCIIEIOBAHUI BIUSIHUST HaIIpaB-
JICHHBIX CBOWCTB aHTEHHBI Ha 3JEKTPOMArHUTHYIO OOCTAaHOBKY BOJIU-
31 He€. B kadecTBe MCIBITyeMOUl ObLIa BbIOpaHa aHTEHHA CTaHAapTa
3G RAO-14GL-70 u aHanormyHasi el MO MOIIHOCTA U pa3Mepam, HO
gBisoIIascsa BceHanpasieHHoOW. Ludpamu 1—3 Ha gJaHHBIX pUCYHKax
0003HaYeHBI 00J1aCTU MAAAIOIIETo Jiyda 1, 00JacTy Mamaromero u oTpa-
XKEHHOTO Jy4yel 2, 061acTh TeHu 3.

AHaAJIM3 TOJIyYEHHBIX PE3YJBTATOB MO3BOJISIET CAENaTh ClEIyolue
BBIBOJIBIL:

— AHTEHHBI C BCEHAMPABICHHBIMU XapaKTEPUCTUKAMU HATIPABJIEHHO-
CTU CO3[aI0T Ha KPBIIIE 3IaHUS HA BBICOTE 2 M OT MOBEPXHOCTU KPBIIIU
YPOBEHb IJIOTHOCTH MTOTOKA 3Hepruu 5,11-10° MkBT/cM?, 4TO Ha HECKOJTb-
KO TTOPSIIKOB MPEBBILIAET MPEAETBHO JOIMTYCTUMOE 3HAYEHUE;

— aHTEHHBI, Y KOTOPBIX AUATrPAMMBbI HAMTPABICHHOCTU UMEIOT YPOBEHb
3aiHero u3nydyeHus He 6osee —20 b, o6ecrieynBalOT ypOBEHb INIOTHOCTH
MOTOKa 3HepTUM Ha Kphiire He Boie 0,021 MkBT/cMm?2.

ITonyyeHHBIE pe3yabTaThl UMEIOT (PUUYECKYIO TPAKTOBKY. B ro-
PU3OHTAJIBHON TJIOCKOCTHU JJIS1 U30TPOMHON TUarpaMMbl HallpaBJIEH-
HOCTU TMPOCMATPUBAIOTCA MOYIM KOHIEHTPUYECKUX OKPYXKHOCTEN,
LIEHTP KOTOPBIX COBIIAJAET C LIEHTPOM pa3MelleHUs aHTeHHBI. B Bep-
TUKAJIBbHOU TIOCKOCTU HaJ KpPBILIEH 32 CYET OTPaKeHUS U3Iy4yaeMo-
r0 aHTEHHOW 3JIEKTPOMATHUTHOTO IMOJiSI HAOII0[aeTCd yBEJIUYEHUE
YPOBHS TJIOTHOCTU MOTOKa 3Hepruu. KpoMe Toro, orpaxaroiias mno-
BEPXHOCTh YBEJIMUYUBAET pa3Mephbl CAHUTAPHO-3aIlIUTHON 30HBI B 3a]1-
Hell monycdepe MOYTH B JBa pa3a MO CPABHEHUIO C MepeaHell momy-
chepoii. B nepenHeM MoJynmpoCcTpaHCTBE OTpaxawllasi MOBEPXHOCTh
OTCYTCTBYET, YTO MPUBOAUT K TOMY, YTO 31€Ch MPOCMATPUBAIOTCS JIU-
HUU OJMHAKOBOTO YPOBHS, MO (POpMeE COBNAAIOIIME C CEUYEHUEM BEP-
TUKAJIBbHOU MIOCKOCTBIO TUarpaMMBbl HAIIPaBJIE€HHOCTU 3JIEMEHTApPHO-
ro 2JEKTPUUYECKOTO BUOpaTopa.
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Puc. 3.6. PacnipeneneHue MIOTHOCTH IMOTOKA SHEPIUK
BOJIM3Y BCEHATIPABJIEHHON aHTEHHBI:
a — B TOPU3OHTAJIBHOM MJIOCKOCTH; 6 — B BEPTUKAJIBHOM MJIOCKOCTH;
1 — obnacTb MagaoLero Jiyya; 2 — 06JacTh MalaoIIEro U OTPaxKeHHOTO JIyJeii;
3 — obyacTb TeHU
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Puc. 3.7. PacnipeneneHue rmIoTHOCTU TIOTOKA SHEPTUM
B BEPTUKAIbHON MJIOCKOCTU BOJIM3M aHTEHHBI C HAITPaBJI€HHBIMU CBOMCTBAMU

AHTeHHa C HaIlpaBJICHHBIMU CBOMCTBaMM 00Opa3yeT y3KHWI HallpaB-
JICHHBIN JIy4 B IIepeaHee MOTYIIPOCTPAHCTBO, B CBSI3M C YeM IIpaKTUde-
CKM HE OKa3bIBacT BPEIHOTO BO3IEIHCTBUS Ha TEPPUTOPMIO Ha KPHIIIIE.
HauGonee omacHbIM sl HEE SIBASETCS HaNpaBI€HUE MAKCUMaJlbHOIO
W3JTydeHUST aHTEHHBI.

3.5.5. BBITIOJTHUM CcpaBHEHME TIOJYYEHHBIX PE3YIbTaTOB C JAHHBIMU
paboTsl [3.21], MOCBSIIEHHOM aHAIM3Y TUTUEHUYECKUX U STTUIEMUOJIOTH -
YeCKUX MCCIICIOBAHMN BIMSHUS M3JIydeHUsT 0a30BbIX CTAaHILIMI Ha Hacese-
Hue. B Heil nuccnenoBanus mpoBoauianchk B pamuyce 300 MeTpoB OT MecTa
pa3MelleHus aHTeHHBI 0a30BOM CTAHIIMM, a pacIipeAe/ieHNe TOYeK M3Me-
PEHUS IO MECTaM U3 PaCIIOJIOKEHMS ObUIO CIEeIyoIIee:

— 41,8 % To4ek pacrojarajoch Ha ypoBHE 3eMJIU;

— 30,4% — B 31aHUSIX, PACIIONIOXEHHBIX B MEPBOI X BTOPOI JIMHUSIX
3aCTPOMKY OTHOCUTEJIBHO 0a30BOI CTAaHIIUM B 30HE MIPSIMOM BUINMOCTH;

— 14,3 % — B moMelleHMSX 30aHUIA, Ha KOTOPBIX pacIojiarajiuch 6a3o-
BBbI€ CTAHIIMM, B TOM YMCJIE Ha OTKPBITHIX IUIOMIAAKAX 3MaHUi (OaTKOHBI,
JIOIDKWH U T.IL.);
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— 13,5% — Ha KpoBJie 30aHWIA, HA KOTOPBIX YCTAHOBJICHBI aHTEHHBI
0a30BBIX CTAHIIMI U Ha KOTOPbIE BO3MOXEH HEKOHTPOJUPYEMBIA JTOCTYIT
HaceJIeHUS.

M3mepeHus B KaxI0i TOYKe MPOBOAWIUCH Ha BbicoTax 0,5 u 2 meTpa
OT YPOBHSI OTIOPHOI TTOBEPXHOCTH.

BhINOTHEHHBIN € YYETOM 3JIEKTPONMHAMUYECKUX MOJEIEeN aHaIn3
BBIOOpA UCXOAHBIX JAHHBIX I MPOBEACHUS UCCIENOBaHUN B pabote
[10.21] moka3piBaeT, YTO, BO-TIEPBBIX, HEMPABOMEPHO pacCIIMpeHa 30Ha
uccienoBaHuii 10 kpyra paguycoM 300 meTpoB. JaHHBIE pa3Mepbl MOX-
HO COKPAaTUTh MOYTU B TPOE, T.€. UCCleayeMasi TEPPUTOPUS MOXKET ObITH
YMEHbIlIEHA Ha MOPSA0K. BO-BTOpBIX, MOCKOJbKY MOMEIIEHUS 3AaHUM,
Ha KOTOPBIX pacmoJjlaraloTcs aHTeHHbI 0a30BbIX CTAaHILIUU JaXe B Cllydae
WX pa3MElIeHUs Ha KPOMKE KpBIIIU, IMOMaJaloT B 00JIaCTb T€OMETpU-
YeCKOW TeHU U TaKXe MOTYT ObITh MCKJIIOUEHBI U3 UCCleqoBaHuli. Peub
MOXET WITU TOJBKO 00 OTKPBITHIX IUIOINAAKAX BEPXHUX ATaxel 3AaHUS
U TO TOJIBKO B CJIydyae MUX OOJIbIIMX pa3MepoB. B-TpeTbux, moiydyeHHbIE
B paboTe pe3yabTaThl UCCIECIOBAHUI CIPABEUIUBBI TOJIBKO JUIS Caydast
KCTIOJIb30BAHUS BCEHAMPABIEHHBIX AaHTEHH, a TAKXE UX YCTAHOBKE HE Ha
Kpae KPBIIIU 30aHUsI, a BAATU OT He€. B-4ueTBEPTHIX, B OTUETE HUYETO HE
TOBOPUTCS O BBICOTE 3[IaHUs], HA KOTOPOM YCTaHOBJIEHA aHTEHHA. B cBsi3u
C 3TUM HEJIb351 HUYETO CKa3aTh O Pe3yJIbTaTax, COOTBETCTBYIOIIMUX TOUKAM,
pacmoJIOXEHHBIM Ha YPOBHE 3eMJIM. B 3aBUCMMOCTU OT BBICOTHI 3AaHWUS
U BBICOTHI pa3MeleHus: (pa30Boro eHTpa aHTEHHBI OHU MOTYT OBbITh KakK
Oosibllie, TaK U MeHblIE. B-TAThIX, TpUBOAUMBIE B pabOTE M3MEPEHHOTO
3HAYEHUS TUIOTHOCTU MOTOKA SHEPTUU XOPOIIIO COMIACYIOTCS C TAHHBIMU,
MOJYYEHHBIMU C UCMHOJb30BAHUEM Pa3padOTaHHBIX aBTOPAMU MPOTrpamMM
[10.40, 10.41] n vacTUYHO OTpaXKeHHBIX Ha puc. 3.5—3.7.

Takum 06pa3oM, pe3ynbTaThl, TOJTYYEHHbIE HA OCHOBE CO3IaHHOTO aB-
TOpaMU TPOTrPAMMHOIO OOECIIeYeHUsI, MO3BOJSIOT OOOCHOBBIBATH PEKO-
MEHIALMKU IO pa3MEIICHUI0 aHTeHH 0a30BbIX CTAHIIMIA MTOABUXHON CBSA3U
Ha KpBIIIaX XWIbIX 3JaHUM, a TAKXKE MO BEIOOPY aHTEHH 0A30BbIX CTAHIIUNA.

3.6. BerBoabl

3.6.1. HeoOXomuMOCTh TIPOBENEHUSI MCCIEIOBAHUIA II0 OILIEHKE
3JIEKTPOMAarHUTHONW OOCTAaHOBKE B MECTaX YCTAHOBKMW aHTEHH MOOWJIb-
HBIX CUCTEM CBSI3U OOYCJOBJEHA MX IIMPOKUM HCIIOJIb30BAaHUEM, TIPU-
BOJSIIIIMM K YCWJIEHHWIO 3JIEKTPOMarHUTHOro (hoHa B pailoHax IUIOTHOM
TOPOJICKOUN 3aCTPOUKM.
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3.6.2. BBITTOMIHEHHBIN aHAJM3 BPEIHOTO BO3NEHCTBUS 3JEKTPOMAr-
HUTHOTO MOJIS Ha 3I0POBbE HACEJEHUs MoKa3al, 4YTo

— usnmyyenue CBY-nuamna3oHa BIUSET Ha TOJOBHOU MO3L, KPOBEHOC-
HYIO U HEPBHYIO CUCTEMBI, Ha CEPICYHYIO AESTEIbHOCTh, Ha 00pa30BaHUe
OITyXOJIEW U JP. YEJTOBEKA, a TAKXKE Ha OKPYKAIOIILYIO0 SKOCUCTEMY;

— HEMOCPEACTBEHHAs OLIEHKa U MPOdUIaKTUKA 3JIEKTPOMATrHUTHOTO
3arpsi3HEHUST OKPYXKaIoIlell cpeabl HEBO3MOXHBI, ITOCKOJIIbKY WU3Ty4eHUE
SIBJIIETCSI OCHOBHBIM UHCTPYMEHTOM TS TTepeHOCca UH(MOPMALIUY Y Pau-
OTEXHUYECKUX CUCTEM;

— MEIUKO-TUTMEeHUYECKUI OAX0, COCTOSIIIMI B OTPAaHUYEHUH JIEeK-
TPOMATHUTHOTO MOJIS 10 TPUPOAHOro (hOHA, SIBJISIETCS HEMMPUEMIIEMBIM;

— BO3JEHCTBUE Ha OOJIbIIME KOHTUHTEHTHI JIIOCH, BKJIIOYas NETEH,
CTapUKOB U OOJIbHBIX, B CEIUTEOHBIX pallOHAX SBJISETCS HEU30EXKHBIM
akTopom.

3.6.3. HeBO3MOXHOCTh TIPOBEICHMS MPOGUIAKTUIECKUX MEPOIPUSI-
TUU JeNaeT aKTyaIbHBIM 3JIEKTPOMATHUTHBIA MOHUTOPUHT OKPYXAlOLIEH
Cpenbl, IPU KOTOPOM JIJISI OLIEHKU COCTOSIHUS CPEABI M0 3JIEKTPOMATHUT-
HOMY (DaKTOpy MPUMEHSIOTCS MPENeIbHO JOMYCTUMBIE YPOBHU 3JIEKTPO-
MAarHUTHOTO MOJIS TIPU BO3IEUCTBUM Ha YeJIOBEKa, BBECHHbIE B IECTBUE
CIEeMaJIbHBIMU PETJIAMEHTUPYIOIIUMU JOKYMEHTAMU.

3.6.4. ConaibHO OPUEHTUPOBAHHBINA 3JEKTPOMArHUTHBIA MO-
HUTOPUHT, SBIASIOIIUIACS COCTABHOU YacThlO 3J€KTPOMATHUTHOTO MO-
HUTOPUHTA, B YCJIOBUSIX YXYIIIEHUS 3JEKTPOMATHUTHOU OOCTAaHOBKU
B Topoaax C OOJIbIIOW YMCIEHHOCTBIO HACEJIEHUSI CTAHOBUTCI 0CO00
AKTyaJIbHBIM, IMOCKOJIbKY Hapsily C OCHOBHOU 3ajauyeii — HEOOXOAUMO-
CTBhIO MH(POPMUPOBAHUS HACEJNEHUS O BO3MOXHBIX MOCIEACTBUSX IS
3[10pPOBbS TOJIA U3TyYEHUS] aHTEHH COTOBOI CBS3U, pa3MellaeMbIX B He-
TMOCPENCTBEHHOU OJIM30CTU OT XUJIbIX 3MaHUN — PE3YJIbTaThl BU3yaIU3a-
ILIUX MOTYT OBITh UCTIOJIb30BAHBI:

— st (pOPMYIMPOBKM HAydHO OOOCHOBAHHBIX PEKOMEHIAIUN IO
BbIOODPY TpaHUI] 00JacTell TEPPUTOPUIA, B KOTOPBIX HEOOXOAUMO IMPO-
BECHUE WCCIENOBAHUN NPYTMMU METOAAMU, HAIIPUMEpP, TUTUEHUYE-
CKMX U 3MUJEMUOJOTUYECKHX, a TAKXKE OCYIIECTBIECHUS TPAKTOBKU IO~
JIy4aeMBbIX PE3yJIbTaTOB;

— JUISI BBIOOpA KOHCTPYKIIMU AHTEHHBI MPU YCTAHOBKE B >KWJIOM paiio-
HE C YUETOM TpeOOBaHUI SKOJIOTUH;

— JUIS OLIEHKU BJIVSIHUSI PE3YyJIbTaTOB MOAEPHU3ALUU KOHCTPYKIIUU
AHTEHHBI HA U3BMEHEHUE 3KOJOTUYECKON CUTYalluu B palioHe.
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3.6.5. [lpuBeneHHBIN MpUMEp BU3YaTU3allUM DPE3yJbTaTOB MCCIESIO-
BaHUU 3JIEKTPOMATHUTHOW OOCTAHOBKM BOJIM3U MECT YCTAHOBKU aHTEHH
TOJBVXKHOM CBSI3W Ha KPBIIe 30aHUS MOKa3aj, 4YTo

— pa3Mepbl CAHUTAPHO-3AIUTHO 30HBI IO MAKCUMATBHOMY YPOBHIO U3-
JIy4eHUs paznuyaroTcd. MakcuManbHbIe pa3Mepsl 30H (opsinka 70 M) HaOto-
JTAIOTCS 1T aHTEHH TPAHKWUHTOBOH CBSI3U, TTOCKOJIBKY MOIITHOCTD UX TIEpenaT-
YUKA MPEBBIIIAET MOIIHOCTh MEPEAATYNKOB COTOBOI CBSI3M MouTu B 20 pas.
MuHumansHBIME pazMepami (21 M) obanatoT aHTeHHBI cTaHaapTa 3G,

— aHTEHHBI MOABVKHOM CBSI3U C BCEHAINIPABICHHBIMU XapaKTePUCTUKA-
MU HaIIPaBJI€HHOCTU CO3[AI0T Ha KPHIIIE 3MaHUSI Ha BBICOTE 2 M OT ITOBEPX-
HOCTH KPBIIIIH YPOBEHB IDIOTHOCTH TTOTOKa 3Hepruu 5,11-103 MkBt/cM?, uTO
Ha HECKOJIbKO MOPSIIKOB MPEBBIIIAET MPENETbHO JOMYCTUMOE 3HAYECHUE;

— aHTEHHBI C HaNpaBJIeHHBIMU CBOMCTBAMM, Y KOTOPBIX IUarpaMMbl Ha-
MPaBJIEHHOCTU UMEIOT yPOBEHB 3aTHETO U3TydeHus1 He Oosee —20 ab, odecrieun-
BAIOT YPOBEHbB TJIOTHOCTH MTOTOKA SHEPIUM Ha Kpbiiie He Boiile 0,021 MkBT/cM?,
YTO Ha TPU MOPSIIKA MEHBIIE MPEAETBHO JOITyCTUMOTO YPOBHSI.

3.6.6. [loyyaeMble ¢ UCIOJB30BAaHUEM CTPOTOM 3JIEKTPOIMHAMUYE-
CKOW MOJIENIN Pe3yJIbTaThl BU3yAIU3alluU MO3BOJISIIOT

— JIaBaTh YETKYIO (PU3NYECKYIO TPAKTOBKY;

— (GOopMyIMpPOBaTh PEKOMEHIALIMY IO BEIOOPY pa3MepoB U 30H 00cCIe-
JIOBaHUS 3a00JIEBAEMOCTU HACEJEHUS TUTMEHUYECKUMU U SMUIEMUOJIO-
TUYECKUMU METOJAMM.
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4. IPUMEHEHIUE AHOMA AbHBIX CBOMICTB
METAMATEPUAAOB A5 YIIPABAEHWUSI
XAPAKTEPUUCTUKAMMU AHTEHHDI

3ee3duna M.IO., Illoxosa FO.A., Illoxoe A.B.

Annomauus — PaccMaTpyBaloTCsl HOBbIE BOBMOXXHOCTHU YITPABJICHUS CTPYK-
TYpOH 3JEKTPOMArHUTHOTO TIOJSI aHTEHH MYTEM TPUMHEHUS aHOMAaJIbHBIX
CBOMCTB MeTamarepuaioB. sl OLIEeHKM YaCTOTHBIX 3aBUCUMOCTEM 2JeKTpH-
YeCKHUX CBOMCTB MeTaMaTepHaJloB TPUBOAATCS UX KiIAacCU(MUKAIUS, TTPUHIIU-
nbl QYHKIIMOHWPOBAHMS, a TAKXKE COOTHOLIEHUS JJIs1 BHIUMCICHUS] 3HAYSHU I
3(hheKTUBHBIX MPOHUIIAEMOCTEN 1 TMTOBEPXHOCTHOTO MMIteAaHca. [TpuBoagaTcs
3aBUCUMOCTH MEXIY aMIUTUTYI0M BO30yKIaeMbIX IMOBEPXHOCTHBIX BOJIH B TO-
KPBITUU U TTapaMeTpaMu MeTamatepuaia. [TokazaHbl IpUMephl UCTIOTb30BaHUS
MeTaMaTepuaioB Ul yIpaBieHus: (opMoii TmarpaMMbl HalpaBIeHHOCTH, TT0-
CTPOEHMSI HU3KOMPOGUIBHBIX aHTEHH, MU3MEHEHMSI TPaeKTOPHM PaclpocTpa-
HEHUS 3JIEKTPOMArHUTHOM BOJIHBI B MHOTOCJIOTHOM TTOKPBITHH.

Karouesvie cao6a — MmeraMatepuaibl, aHOMaJbHbIe CBOMCTBA, TIPUHIIMITHI
(GyHKIMOHUPOBaHMS, 3G GEKTUBHBI IIPOHUILIAEMOCTh, UMITEAAHCHBIN ITOIXO0,
NpUMEHEeHNEe B AHTEHHOM TeXHUKE.

4. ANOMALOUS PROPERTIES OF METAMATERIALS
FOR ANTENNA CHARACTERISTICS MANAGEMENT

Zvezdina M. Yu., Shokova Yu.A., Shokov A.V.

Abstract — An implementation of anomalous properties of metamaterials is
considered to develop an antenna obtaining new possibilities to manage the elec-
tromagnetic field structure. Classification, structure, operating principles, and
correlations to evaluate effective permeability and impedance of metamaterials
are given. A special attention is given to metamaterial parameter selection for
surface wave excitation in coating. Examples of metamaterial implementation in
managing the directivity pattern shape, low-profile antenna design, and electro-
magnetic wave propagation path correction in multilayer coating are given.

Keywords — metamaterial, anomalous properties, operating principles, ef-
fective permeability, impedance approach, implementation in antennae.

4.1. BBeaenune

OaHUM u3 HaHpaBHCHI/Iﬁ nepexoaa Ha WHHOBAaLIMOHHBIA YPOBEHDb pas-
BUTHUA SKOHOMUKU ABJIACTCA IPUMCHCHUE B TCXHOJOI'MYCCKUX IMMPOLIECCax
KOMITO3UIIMOHHBIX MaT€puraioB ¢ 3aJaHHbIMUA cBoricTBamu. B HacTosiiee
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BpeMs K TaKUM MaTepuajaM OTHOCSTCS MeTaMaTepHuabl («Mema-» — BHE
(nep. c epeu.), MOKa3bIBAOIAS, UYTO DJICKTPUUECKHME CBOMCTBA NCKYCCTBEH-
HOTrO MaTepuajia BBIXOAAT 3a Ipedesibl 00pa3ymolluX ero KOMIOHEHTOB).
JlaHHble MaTepuabl SIBISIOTCS MCKYCCTBEHBIMU CBpeAaMu M 00JagaioT
AHOMAJIbHBIMU CBOMCTBAMMU.

Co3paHue MaTepUaoB C TpeOyeMbIMM CBOMCTBAMHU AAa€T BO3MOXK-
HOCTBH YIIPABIIATE SHEPTHENA TOBEPXHOCTHBIX BOJIH, BO30YXKIAEMBIX B II0-
KPBITUM U3 MeTaMarepuana. DTO, B CBOIO OYEpPEdb, IIO3BOJISET BBOAUTH
JIOIIOJIHUTEJIbHbIE CTEIEHU YIIPABIEHUS CTPYKTYPOIl 2JIEKTPOMArHUTHOTO
I1OJIs1, U3JIy4AeMOT0 aHTEHHAMM PaIMOTEXHUYECKUX CUCTEM.

4.2. Kaaccudpukanmsa MeTaMaTepralos

4.2.1. Ilepexon TeXHOJIOTWII Ha HOBBIM YPOBCHBb XapaKTECPHU30BAJICS
¢ Havyaja 2000-X TomoB pa3pabOTKO M MPOM3BOACTBOM MCKYCCTBEHHBIX
MartepraioB — MetaMarepuaioB (MM) [4.1—4.25]. Cpensl ¢ 00OpaTHEIMU
BOJIHAMM, TIpelcKa3aHHBIe B Hayaje XX Beka, HaoOmomaeMble mo 2000-
X TOZIOB TOJIBKO B BOJIHOBOAAX M aHM3OTPOMHEIX CpelaX M SKCIICPUMEH-
TaTbHO moKa3aHHble CmuroM u ero Kojuieramu B 2000 romy B HMCKyC-
CTBEHHBIX MaTepHajaX, 0a3MpyIOTCS Ha HOBBIX (PM3MUCCKUX IPUHIIATIAX
1 BCJICACTBHE 3TOTO 001aIaf0T aHOMAJIbHBIMU CBOMCTBAMH.

MeTtamaTepuaibl MOTYT OBITh CO3IAHBI C PA3IMIHBIMU 3JICKTPUICCKI -
MU cBolictBaMu [4.2—4.24]. Nx ximaccnuduKanusg B 3aBUCUMOCTH OT 3Ha-
YEHUU OTHOCUTEJIBHOU TUAJIEKTPUYECKOU U OTHOCUTEJIBHOU MarHUTHOU
IIPOHMUIIAeMOCTe IToKa3aHa Ha puc. 4.1.

MeTamare pHANIE
1
! | ' '
DPS:

DNG: SNG DZR; <0, <0,
<0, u<n g~0, u~0 W=,

{ L

ENG MNG

£<0, 1>0 &0, u<0

Puc. 4.1. Knaccudukaius MeTamatepraaioB
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AHanu3 JTaHHOTO PUCYHKA IMOKa3bIBaeT, YTO Ha3BaHust MM ompenensi-
0T 3HAY€HUST OTHOCUTENbHBIX TIPOHUIIAEMOCTE MaTepraa;

— DNG — double negative (00a 3HAUCHUSI TTPOHUIIAEMOCTEI OTpHIIA-
TEJIbHBIE);

— DPS — double positive (0ba 3HaYCHHS TIPOHUIIAEMOCTEH TTOJIOXKUTEITb-
HbIE, BOJTHOBOE COTIPOTUBJIEHUE Cpefbl W HaMHOTO TIPEBBIIIAET BOJHOBOE
COIPOTUBJIEHNE CBOOOIHOTO MpocTpaHcTa W OTcrona BTopoe Ha3BaHUe —
BBICOKOMMITCTAHCHBIC TTOBepXHOCTH — Hi-Z — high impedance surfaces);

— SNG — single negative (OTpULIATEIEHO OMHO 3HAYCHUE U3 IIPOHUIIAC-
MOCTEH: eC/ii OTPUIIaTeTbHA OTHOCUTEIbHAS INAJIEKTPUYECcKast TpOHUIIA-
€MOCTb, TO TIpUMHsIeTCsl HazBaHue ENG, ecliv OTHOCUTENbHASI MarHUTHAsI
MPOHUIIAeMOCTh, To MNG). JlaHHbIe MaTepuabl HA3bIBAIOTCST TAKXKE Me-
TaMaTepralaMyi CMEIIaHHOTO THUTIA;

— DZR — double zero (0be TPOHUIIAEMOCTH TPAKTUYECKU DPABHBI
HYJTIIO, YTO TPUBOJIUT K TOMY, YTO KO3(DGHUIIMEHT OTPaXKEHUST OT JaHHBIX
MaTepUuayioB OJIM30K K HYJIIO).

4.2.2. DnexTpuyecKre CBOMCTBA METaMaTepPUaJiOB MOTYT JIMOO M3Me-
HATHCS B 3aBUCHMOCTU OT 4acToThl [4.2—4.9, 4.17—4.20, 4.25—4.27], Te.
00pa3yIoT TUCTIEPTUPYIOIINE CPEIbl, TUO0 COXPAHSTh CBOM 3HAYEHUS B OT-
HOCHTEJILHO IIMPOKOIt TTostoce yacTot [4.7]. B mepBoM ciryaae MM 06pa3y-
0T YaCTOTHO-ceNieKTuBHBIE cTPYKTYphl (UCC), Kak mokazaHo Ha puc. 4.2.

.10 T T T T
DFs ENG DNG |MNG|DPS

-15 I 1 1 L
400 450 500 550 600 B850 MMy

Puc. 4.2. YacTroTHas 3aBUCUMOCTb METAMATEPUAJIOB JUCIIEPTUPYIOLIETO TUIIA:
r. ", . "
1—€;2—¢;3—pu;4—p
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OCHOBHOI OCOOEHHOCTBIO TIOCTPOEHUSI METAMATEPUATIOB SIBJISIETCS UC-
KYCCTBEHHO CO3/IaHHAas Mepuoanyeckast CTpykTypa. B 3aBucumoctu ot Toro,
10 KAKOMY YHMCJIy HalpaBlIeHU HaOMOAAETCS MEPUOAUYHOCTD, Pa3IUYatoT
1D, 2D u 3D-ctpykrypsl. @usndeckast peammsanyss YCC MoxeT ObITh pa3-
JMYHOM. Tak, OHM MOTYT OBITh pEATU30BaHbI B BUIIE TURJIEKTPUYECKUX MaTe-
PUAIOB C 3aMIOJIHEHUSIMUA B BUJIE PA30MKHYTBIX PE30HAHCHBIX ITPOBOJIOYHBIX
koJetr (SRR). @opma Kosel] MoXeT ObITh iechopMUpOBaHa U3 KPYTJIOii B KBa-
npatHyto. [IpuMepbl KOHCTPYKIIMIA TIpuBeAeHbI Ha puc. 4.3,a,0. g ¢puzu-
YECKOM peau3alii MeTaMaTepUaioB, COXPAHSIOIINX CBOU SJIEKTPUYECKUE
CBOMCTBA B IIMPOKOI MOJIOCE YACTOT, KOJIBLIA BBIMIOJHSAIOTCS HE PA30MKHY-
THIMHU, a 3aMKHYTBIMHU [4.7]. KpoMe Toro, pacrionararbest KoJblia B CTPYKTYpe
Marepuaga MOTYT CiIydyailHbIM oOpa3oM. JIBa BapuaHTa peaau3aliv TaKou
KOHCTPYKIINM U3 paboTsl [4.7] ipuBeneHs! Ha puc. 4.4.

Ay 3

/. Az /

Ax

LIS

«— I, —»
a 0

Puc. 4.3. [1pumeps! puznyeckoit peain3aliuy 4aCTOTHO-CEIEKTUBHBIX CTPYKTY:
a — ¢ 3aTI0JTHEHVEM U3 Pa30MKHYTBIX KOJIEIL;
6 — C 3alOJIHEHUEM U3 PA30MKHYTBIX KBaIpaTOB

BricokouMmnienaHcHble TTOBepXHOCTU Hi-Z, Takke Ha3blBaeMbIe IO-
BEPXHOCTSIMU 3MBEHITUIIEPA, JABIIETO TEOPETUUECKOE ONMUcaHue hu3nde-
CKHX MPOLIECCOB B HUX, MPEACTaBISIOT c000i1 3D roppupoBaHHBIE CTPYK-
Typbl. IX aHOMaJIbHbIE CBOMCTBA MPOSIBISIOTCS MPU pe30HaHce paboueit
YaCTOThI 3JIEKTPOMArHUTHOM BOJHBI U KOHCTPYKTUBHON YacCTOTHI CTPYK-
Typhl [4.2, 4.3, 4.5].

HaubGonee mpocTeiM BapuaHTOM ITOCTPOCHUSI BBICOKOMMITEIAHCHOM
TMOBEPXHOCTH SIBJISIIOTCS TPUO00Opa3HbIe SJIEKTPOMArHUTHBIE CTPYKTYPHI.
ITpuMep BBITIOJTHEHUS TAKOU CTPYKTYpHI ITOKa3aH Ha puc. 4.5.
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a 0

Puc. 4.4. [Ipumepsl peanuzaiuy MeTaMaTepUaIOB C ITOCTOSTHHBIMU
3JICKTPUUECKUMM XapaKTepuctukamu [4.7]:
a — C IEpUOANYECKOM CTPYKTYPOW;
6 — C XaOTUYECKUM PACITOJIOXKEHUEM 3JIEMEHTOB

Puc. 4.5. KoHcTpyKius akpaHa Tpub0o00pa3HOii CTPYKTYpPHI:
1 — ocHOBa-3KpaH; 2 — METATMYECKUE CTEPKHU-HOXKU;
3 — MaTtepua 3aroJIHeHNS;

4 — nyacTUHYATBIE METATTMYECKNE DTIEMEHTbI

JlaHHas1 KOHCTPYKLMsI BKJIIOYAaeT METAJNIMYECKYI0 OCHOBY-IKpaH 1,
Ha KOTOpPBII Ha HOXKaxX B BUAE METANIMYECKMX CTEpXHei 2 pamguyca r
(ripu TpOOOOPA3HOIM CTPYKTYPE) WIM BBICTYIOB (IIPU BBICTYIIOOOpa3HOM
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CTPYKTYpE) YCTAHOBJIEHBI C TIaroM D TUIAaCTMHYAThIe METAJUTMYECKUE BJIe-
MEHTBI, UMEIOIINE KBAJIPATHYIO WIN IIECTUYTOJbHYIO (hopMy. 3a30p MeXIy
nuIsnKaMu coctapisieT g << A (A — pabouas mrHa BosiHbI). [TpoMexyTok
MEXIY 3KPaHOM-OCHOBOM M IUTACTMHYATBIMU 3JIEMEHTAMU BBICOTOIA 7,. 3a-
MOJTHEH AUNEKTPUYECKUM MATEPUATIOM C OTHOCUTENBHOUN OUAIEKTpUYe-
CKOii TIPOHMLIAEMOCTBIO €, BBITIOJHAIOMINM (DYHKIMK YIUIOTHEHUSI KOH-
CTPYKIIMH, a TAKXKE PETYJIUPYIOIIUM CTPYKTYPY 3MEKTPOMATHUTHOTO TTOJS.

B 3aBMCMMOCTHM OT OTHOCUTENBHBIX Pa3MepoB sYeeK (10 CpaBHEHUIO
C IUTMHOM BOJIHBI B CBOOOIHOM TPOCTpaHCTBE A ), o6pasyiommx 2D me-
PUIOAMYECKYIO CTPYKTYpPY, TOBEPXHOCTH TIOAPA3NENSIOTCSI Ha JBa TUTIA
[4.2—4.7]. Tak, npu pasmepax sueiiku nopaaka A,/20...A,/10 cTpykTypbl
Ha3bIBAIOTCST 3JIEKTPOMAarHUTHBIMUA CTPYKTYpaMM C YaCTOTHOW OTCEUKOM
(EBG), a mpu MeHbMx pasmepax (nopsaaka A/40...1,/20) — yacToTHO-Ce-
nektuBHbIMU (UCC, FSS). YkazaHHbIE TUTBI CTPYKTYP (PYHKIIMOHUPYIOT
Ha OCHOBE Pa3NMYHBbIX (PU3MIECKUX MPUHIIMIOB. Tak, CTPYKTYpHI C OT-
ceukoii EBG ucnonb3yloT adekT paccenBatens bparra, a pabora YCC
CBsI3aHa C OCOOEHHOCTSIMU PACIIPOCTPAHEHUS JIEKTPOMArHUTHOW BOJTHBI
B MHOTOCJIOIHOY aHM30TPOITHOM Cpelle ¢ OTPUIIATETbHBIMU OTHOCUTEIb-
HBIMM TIPOHUIIAEMOCTSIMU B HOpPMaJTbHOM HarpaBieHnn. COOTBETCTBEH-
HO YCC pyHKUMOHUPYIOT B 060Jiee HU3KOM YAaCTOTHOM AUana3oHe 4YeM
YacToTa IIEPBOTO Pe30HaHca CTPYKTYpHI bparra [4.3].

4.3. IlpyaONIILI pabOTH MeTaMaTep1al0B

4.3.1. IlosacHeHWMEe NPWHIUIIOB pPaOOTHI METaMaTepWJIOB HAaYHEM
¢ Han0oJIee IPOCTOr0 BApMAHTA UX UCIIOJIHEHUSI — BHICOKOMMITEAAHCHBIX
CcTpyKTyp. JlaHHBIE KOHCTPYKLUU IIPEACTABISIOT COOO pe30HAHCHBIE
LC-KOHTYpHI, HACTPOCHHBIC Ha OIpeAeicHHYIO YacToty [4.2—4.4, 4.21, 4.25].
DIeMEHThl JaHHBIX KOHTYpPOB, KakK ITOKa-

3aHO Ha puc. 4.6, 0Opa3yioTCs ClIeAyIOLIUM C

o0pa3oM: EMKOCTM CO3[IaloTCSI B 3a30pax + -
MEXIY METAUIMICCKUMU TUIACTMHAMU OfI- + -
HOTO psida WM COCCIHUX pSIOB, a WH-

TYKTUBHOCTH 00pa3yeTcsT 3a CYET BUXPEO- \{

6]333HOF0 3aTCKaHUA MAarHMTHOIO ITOJIA BO
BHYTPCHHIOIO I1OJIOCTb.

BricokouMmIienaHCHBIE MMOBEPXHOCTU Puc. 4.6. IIpencrapieHue
MPUMEHSIOTCS B KadecTBE DOKPAaHOB I sueiikn Hi-Z'B sunie
LC-xoHTYypa

YIIpaBJICHHUA OJCKTPOMArHUTHBIM  ITOJIEM
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pacMoIOXEHHBIX BOJIM3U MPOBOJIOYHBIX aHTEHH. [Ipy KiiacCUYecKoM mo-
CTPOCHUU AHTEHHBI C METAJUIMYECKUM DPedIEKTOPOM B BUAE MJIOCKOCTU
(PEC) wznyyarenb pa3MelniaeTcsl Ha ynaieHun A/4 (A — pabouas miuHa
BOJTHBI) OT METaJUIMYECKOTO 9KpaHa, KaK MokKa3aHo Ha puc. 4.7,a. B atom
cayyae Majarollas Ha 5KpaH 3JIEKTPOMAarHWTHasi BOJHA OT W3JTy4yaTess
U OTPaXEHHasl OT 3KpaHa B 00JIACTU, PACMHOJIOKEHHOMN 3a U3JTyyaTesieM,
CKJIanbIBalOTCA B MpoTuBOo(dase, U AUMPPAKIIMOHHBIA MAKCUMYM BO3HU-
KaeT TOJIbKO B HAIIPaBJIEHWU [JIABHOTO JIEMeCTKa JruarpaMMbl HaIIPaBJICH-
Hoctu. [Ipu pasmenieHnn u3aydatesiss Ha yaajJeHUU MeHee A/4, Kak 1o-
Ka3zaHo Ha puc. 4.7, 6, NaHHBIE BOJHBI CKJIaBIBAIOTCS HE B IPOTHBOGA3e,
U BO3HUKAET AU(PPAKIMOHHBINA JIEMECTOK, MO YPOBHIO COIMOCTABUMBINA
C TJIaBHBIM JIETIECTKOM AWArpamMMbl HaMpaBJI€HHOCTU aHTeHHbI. BOiu3u
BBICOKOUMITAEHAHCHOW MOBEPXHOCTU CIBUT (Da3 MexXy Majarolleil u oT-
paXXeHHOW BOJHAMU paBeH Hy/II0. BcienactBue sTOro npu pasmMelieHUur
U3JTy4yaTesisi Ha PACCTOSIHUSIX HAMHOTO MEHbIIe JUIMHBI BOJHBI Audpak-
IIMOHHBIN JIETIECTOK HE BO3HUKAET, KaK IMoka3aHo Ha puc. 4.8. JlaHHbII
3¢ deKT 00YCTOBIEH TEM, YTO MEXAY METALUITMYECKAM 3KPAHOM-OCHOBOM
U u3ny4yareiaeM (OpMUPYETCS PE30HUPYIOLIas MOJOCTh, AEUCTBYMOIIAs
KaK YaCTUYHO OTpaxarollasi MOBepXHOCTb.

Anmenna AHMEHHA
/

Ixpan Boana 1 Ispan Boana I gareppepennnn
(PEC) ( Bonna zABTepdepernas  (PEC) ((|Boana2 paspymasoman
1 coszaromasn

~ Coeuz ghaz
| Cosuz pas HA <TT
— | HO T
h=A4/4 h=A4
a 0

Puc. 4.7. Pa3amenieHue uziyyaresist BOJU3U UI€aIbHO MTPOBOASIILIETO
3JIEKTPUYECKUM TOK IKpaHa:
a — cityJaii onapieHust TUGPaKIIMOHHOTO JIeTIeCTKa;
6 — ciyJaii popMupoBaHUs AMDPAKIIMOHHOTO JIETTeCTKa

4.3.2. PaccmotpeHHas B 1. 4.3.1 KOHCTPYKIMSI BBICOKOMMIIETaHCHOMN
MOBEPXHOCTU OTHOCHUTCS K Matepuanam turna DPS. B To Xxe Bpems BO3-
MOXHBI TIOCTPOSHUS BHICOKOMMIIETAHCHBIX ITOBEPXHOCTEH M M3 MeTa-
MaTepHayioB cMelIaHHOTO Thuma. [Ipy 3ToM pe30HAHCHBIN KOHTYp (OIVH
WJIN HECKOJIbKO), KaK MpeayioxeHo B padoTax [4.10—4.13], obpa3ytoTcs u3
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mapHbIX ¢10€B MM Ttumna SNG. [1py 3ToM cjiou ¢ OTpUIIaTeIbHBIM 3HaYe-
HUEM OTHOCHUTEIBHOU MUAJIeKTpuiecKoi rpoHuiiaeMoctu (ENG) aHano-
TUYHBI EMKOCTH, a CJIOU C OTPULIATEIbHBIMU 3HAYEHUSIMU OTHOCUTEIbHOM
MarHuTHoOU npoHutaemoct (MNG) — nHaykTuBHOCTH. KpoMme Toro, oT-
Jn4daercs U GU3NYEeCKU MPUHLUIT pabOThl CTPYKTYpbl MM cMelIaHHOTO
tuna. B MM cMmelliaHHOro Tumna npumMeHsietcs: 3 GekT npeodpa3oBaHuUs
TapMOHUYECKOW paclpoOCTPAHSIONIENCS BOJIHBI B MEperaBaeMylo 3aTyxa-
IOIYIO (9BAaHCUEHTHYIO) BOJIHY, KOTOpasi HE IEPEHOCUT IHEPTUIO, a TOJIb-
KO obecreunBaeT KoJiebaTeIbHEIN Ipoliecc SHepruu B cioe [4.27—4.30].

Hi-Z Anmernna
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Puc. 4.9. [Ipumepsl peanuzanuu Metamatepuaia tuna ENG:
a — IByMepHasi CTPYKTypa; 6 — TpeXMepHasi CTpyKTypa

ITpuMepbl peanuzaiy MatepuaioB Thrna ENG mokaszaHbl Ha puc. 4.9,
atuna MNG — Ha puc. 4.10. Hapsiny ¢ mprBeaeHHBIMU TIpU TTOCTpoeHu MM
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C OTpUUATC/IbBHBIMW 3HAYCHUAMU OTHOCHUTEJIbHON MarHUTHOM IIPOHULIACMO-
CTHU MOI'yT OBITb UCTIOIb30BAHBI KOHCTPYKILM, ITOKA3aHHbIC HA PUC. 4.3.

(ay)

(Az)
B
Puc. 4.10. [Tpumeps! peanuzauuu MetamatepuanoB Tuna MNG:
a — PyNeTHBIN DJIEMEHT;

6 — mepronMIecKast CTPYKTypa pa30MKHYTBIX KOJIEIT;
6 — (bpakTaNbHAsI CTPYKTypa

AHa/u3 JaHHBIX PUCYHKOB MOKa3bIBAa€T, YTO CPElIbl C OTPULIATEIb-
HbIM 3HAUY€HUEM OTHOCUTEIbHON AURJIEKTPUYECKONH MPOHUIIAEeMOCTHU
MOTYT OBITh BBIITOJHEHBI B BUIE MapasjieJbHO PACIOI0XEHHbBIX MeTal-
JIMYECKUX MpOBOAOB. [Ipyu 3TOM AByMepHash KOHCTPYKIIMS MOKa3aHa Ha
puc. 4.9,a, a TpexmepHasi KOHCTpyKLUsI — Ha puc. 4.9, 6. [Ipumepsl pe-
ajqu3alyu cpell C OTPUIIATEIbHBIMUA 3HAYEHUSIMU OTHOCUTEJbHOU Mar-
HUTHOI NMPOHUIIAEMOCTH MTOKa3aHbl Ha puc. 4.10. AHaIU3 KOHCTPYKIIUIA,
npuBeneHHbIX Ha puc. 4.10, mokassiBaeT, uTo MM ¢ oTpuuaTeIbHBIM
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3HAYEHUEM OTHOCHUTEJIbHOW MAarHUTHOW TPOHUIIAEMOCTH MOXET OBITh
BBITIOJIHEH B BUJE PYyJETHOTO 3jeMeHTa (cM. puc. 4.10, a), nepuonunye-
CKOI CTPYKTYpHl Pa30MKHYTHIX pE30HAHCHBIX Kojell (cMm. puc. 4.10, 6
un4.3)[4.2,4.4,4.6,4.9] unu ppaxkranos (cm. puc. 4.10, ¢) [4.21].

4.4. Borancaenne 3¢ peKTUBHBIX 3HaUYeHNIT IpOHUITaeMOCTen

4.4.1. IIpy mpoBedcHWM WCCICAOBAHWI BIMSHUS aHOMAJBHBIX
CBOICTB MeTaMaTepHaIOB Ha XapaKTepUCTUKN HAIIPaBJICHHOCTH U XapaK-
TEPUCTHKHN COTIACOBAHMS aHTEHH OOBIYHO OCYIIECTBIISIETCS IIEPEXOI OT
KOHCTPYKTHUBHBIX ITapaMEeTPOB MeTaMaTepuaioB K 3((hEKTUBHBIM 3Ha-
YEHHUSIM OTHOCUTEJILHOM IMDJIEKTPUYECKOM € = €. +€. U OTHOCUTENbHOM
MATrHUTHOM W =W, + ! MpoHUIaeMocTeil. JJaHHBIA IEpexo] BO3MOXEH,
€CJIM pa3Mep BKITIOUCHMI, BXOISINNX B COCTaB KOMITO3MTAa, MaJl IO CPaB-
HEHMIO C JUTMHOM BOMHEL. [IprBenéM Hanbojee N3BECTHBIC COOTHOIICHMS
IIJIST JAHHBIX TIEPECIETOB.

Hna marepuanoB tumna ENG, KOHCTPYKIIMS KOTOPBIX TOKa3aHa Ha
puc. 4.9,a, BeIm4InmHa OTHOCHUTEJIBHON INA3JICKTPUICCKON ITPOHUIIAEMOCTHI
ompeJessieTcsl COOTHoIeHueM [4.1]:

P

f) =1-—2; (4.1)
(O]

2n

In(a) — In(2xr) ; (4.2

]'*)Ie 0 =—
¢ = 3108 M/c — CKOpPOCTh CBeTa B BaKyyMe; a — WUHTEPBaAJI MEXAY IIPOBO-
THUKAMU; F — paauyc MPOBOAHUKA.
YacroTHas 3aBUCUMOCTS () AT MaTepranoB Tuna MNG onpenensi-
ercs (hopMyJIoil, aHATOTUYHOU COOTHOILIEHUIO (4.1):
2

®

pm

wo)=1-—0—, (4.3)
[O)]

rie o, — TUIa3MEHHas 4acToTa JUis MNG.

J7s Kpyriioro UMJIMHAPA, TOKa3aHHOTO Ha puc. 4.3,a, B BAKyyMe C ce-
YeHHEM B BUIE JIBOMHOTO pa3pe3HOro KOJblia B IPeHEOPEKEHUM TOJIIM -
HbI CTEHOK CIIpaBEIJIMBO ClIeaylollee BoipaxeHueM [4.4, 45.6]:

2 .
3d i20

nr
R .2 A 4.4
Moo a T ro' e Wwo 44
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Ie a — JJIAHA STYEHKU; 6 — DJIEKTPUYECKass IPOBOAUMOCTh CTEHOK LIM-
JIMHIPOB; d — 3a30p MEXIY pa3pe3HbIMU KOJIbIIAMU B TIOTIEPEYHOM ceue-
HUU; ¥ — BHYTPEHHUI PaguyCc MEHBIIETO U3 KOJIELI.

PesonaHcHast 4acTora IaHHOTO SJIEMEHT, MPU KOTOPOM W . — oo,
ompenensieMasi U3 yCJIOBMSI PaBEHCTBA HYJIIO 3HAMEHATENS] BBIPAXKEHUS
(4.4) u B orcytcTBMM noTepsb (6 = 0), paBHa [4.4, 4.6]:

cyJ3d/r
®,,, =——. (4.5a)
nr

BenununHa m1a3MeHHO 4acTOTHI, TTOJydeHHas U3 (4.4) TIpU YCIIOBUU
c=0mn H,gp — 05 OTPEICIISCTCS dbopmynoii [4.4, 4.6]:

o - c\/3d/(r(l—nr2/a2)) ‘

(4.56)
Tr
VuuteiBasg cootHoueHus (4.4) u (4.5a), MOXHO 3aIlMCaTh:
Moy <OmPH O, <O <0 . 4.6)

B ciyyae Mcrmonb30BaHUSI PYJETHOIO 3JIEMEHTAa, ITOKA3aHHOTO Ha
puc. 4.10,a, acddexTBHAsT MarHuTHasT MPOHUIIAEMOCTb OYIET OIpene-
JISThCS COOTHOIIeHUEeM [4.4]:

2

L dc? N i2p
Moo a’ 2 P(N-Do*  wao(N-1))

A.7)

rae d — TOJNIIMHA U30JIATOpa MEXIy BUTKAMM B CTPYKType; N — UMCIO
BUTKOB; p — COMPOTUBJIEHUE KATYIIKW HA €AUHUILY JJWHbBL, ¥ — BHEITHUHN
paguyc pyaerta; i — MHUMAsT eMUHMIIA.

CremyeT OTMETUTD, YTO COOTHOICHMS (4.1) u (4.3) ABISIOTCS 4YacT-
HBIMU cydasimu Mopeneit Hpyne (Drude) n Jlopentna (Lorentz) [4.4]:

2 . .
g(0) =1-0}, /(o 0-iyo,)); 4.8)
=1 2 2 . 2 (4 9)
l,l((D) - (Dmp _(DO ® m_lvmo‘)mp _O‘)O > .
rae o, = 2mf, — UMKIMYECKasd 4acToTa Pe30HaHca MOKpbITHUA [pan/cl;
®,, ®, — [UIA3MEHHbIC YaCTOTBI COOTBETCTBEHHO DIEKTPUIECKOI 1 Mar-

HWUTHOW Tasmbl [pan/cl; v, y, — YacTOThI, ONMMCBIBAIOLIME 3aTyXaHUe
B 2JICKTPUYECKOM M MarHUTHOM rurazme [Ii1].
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nst ananmuza 3aBucumocteii (4.8) u (4.9) ucnonbzyem npumep u3 [4.37]
IUIS  CIIEAYIOIINX WCXOAHBIX TaHHBIX: 0)0/27I =21 TTiz; o, /2n =28 I'Tix;
o)mp/2n =24,5TTu; y,=0TITu; y, =4TTu. Pesyabratel MomeaMpoBaHus
mpuBeneHBl Ha puc. 4.11. [Ipu 3ToM JIeBoe moJie WIITIOCTPUPYET OUCTIEP-
CHOHHBIC 3aBUCUMOCTH OTHOCHUTEJIBHON AMAJIEKTPUIECKON IIPOHUIIAeMO-
CTH, a TIpaBOE T0JIe — OTHOCUTEILHOM MAarHUTHOM ITPOHUIIAEMOCTH.

£ fr il'g H
. o
6 L 6
1
2 ' : N 2
-2 n .-'I----Il- '2
-8 -6
-10 -10

10 14 18 24 26 £ MTu10 14 18 24 26fITy

Puc. 4.11. YacToTHast 3aBUCUMOCTb OTHOCUTEJIbHBIX TIPOHULIAEMOCTE
MeTaMaTepuasoB 1o Moaenu Jpyne u moaenu JlopeHTua:
JieBOe ToJie — Mofie b JIpy/e: CriloniHast JUHUS — €5 INTPUXOBAsK TUHUS — €
npaBoe MoJie PUCYHKA — MOJIesb JIOpeHTIA: CILUTOIIHASI IUHUS — [}
HITPUXOBast TMHUSA W.; TyHKTUPHAs — €. IPU 3aMeHe TapaMeTpoB MarHUTHOM
Cpelbl Ha SJIEKTPUYECKYIO

",
ro

AHaJIu3 NMpUBEIEHHBIX 3aBUCUMOCTEM ITOKa3bIBaeT, YTo Mojaesb dpyne
MOXET OBITh MCIIOJIb30BaHa JUISI MOICIMPOBAHMS OTPULIATEIPHBIX 3HAYE-
HUI KaK OTHOCHMTEJIbHOM AUBJICKTPUYECCKOM IMPOHMUIIAEMOCTH, TaK U OT-
HOCWUTEIbHOM MarHUTHOM MPOHULIAEMOCTH Ipu f> f. Ilins Momenposa-
HUST pabOThI TOKPHITHS ¢ U3MEHEHUEM 3HaKa BEJTMYMHBI IIPOHUIIAEMOCTH
HeoOX0AMMO MCMOJIb30BaTh Mojeb JlopeHTa. B 3TOM cilyyae Ha yacTto-
Tax f < f; 3HaK NPOHMLIAEMOCTH OYZIET MMOJTOXKUTEbHBIMA, a pu > f; — oT-
pULIATEIbHBIN.

4.4.2. Ing pacuera napaMeTpoB stueiiku Hi-Z CTpyKTypbl, TOKa3aH-
Ho¥ Ha puc. 4.12, MOTYT ObITh UCIIOJIL30BaHbI COOTHOLIEHUS U3 [4.3, 4.4],
3aBUCSIIME OT MOJISIPU3ALIMN ITaJaloIeii BOJIHbI:

_ 2Dg;gIn (2D/(ng)) .
7[ b

(4.10a)

™
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2Dg,g,c0s” 6,In 2D/(n g))
- . ,
Ly, =Ly =iopt, (4.12)

(4.106)

TE

rme o = 2nf — LUKIMYeCKas J4acToTa M3Iydaressi, yHKIMOHUPYIOIIE-
ro Ha yacrote f, g, = (36m)-10~° [@®/m] — smeKkTpryecKas MOCTOSHHASA;

Y, = 4m-1077 [Ta/M] — MarHUTHas TOCTOAHHAS; €, = /0,5 (81 +82) — a-
(beKTUBHAs IIPOHULIAEMOCTD IBYX CpeJl, (HIXKE JIMHUM TUIACTUHOK U BbILLIE JIU-
HUU TUIACTMHOK); f, — YAQTEHNE HUKHEN TUIACTMHBI OT META/LUIMYECKOM MOJI-
JIOXKH; 6, — yroin najeHus BojHbl, TM, TE — nonspusaiys Najalomx BOJH.

T

D

Puc. 4.12. [eomertpus stueiiku Hi-Z CTpyKTYpbI

an/I BBLIITOJITHCHUM TTIOKPbLITUA B BUIC MHOTOCJIOMHOTO TOSBIISTIOTCS
CIIIC ABa ImapaMeTpa:

L=ppur; C=cgeSd", (4.13)

Ie ¢, — ynajeHue HUKHel TIaCTUHbBL OT METAIMYECKOi TOANIOXKH; S —
nepekpbiBaeMas MIaCTUHAMMU TUIOIAAk; d =, — t, — PaCCTOSIHUE TI0 Bep-
TUKAJIU MEXIY TUIaCTUHAMMU.

OCHOBHBIM MapaMETPOM, C TIOMOIIIbIO KOTOPOTO OMKUCHIBAIOTCS CBOW-
CTBa BBICOKOMMIIEAAHCHBIX CTPYKTYD, SIBISETCS KO(MDOULNEHT OTpaxke-
HUSI, KOTOPBIi MOXET ObITh HAWIEH C MCIIOJIb30BAHMEM COOTHOIIECHUS
[4.2—-4.6,4.16—4.19]:

o ot N, —Z, (1—(@)/(1)0 )2)
TOYRTRIR +ZO(1—(00/c00)2),

(4.14)
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rae o, =1/ JLC — pe3oHaHcHas vactota Hi-Z cTpykTypbl; Z, =+/L/C
[OM] — xapakTepucTryeckoe conpotusieHue LC-11enu; |, — OTHOCUTEIb-
HasI MaTHUTHAS IIPOHMUIIAEMOCTh MaTepHalia 3aITOTHEHUSI TTOKPBITHS.

J71s MeTaJUIMIeCKMX TTOBEpXHOCTel (BepXHSS YyacTb Hi-Z CTPYKTYpHI)
MOIyTb K03 GUIIMEeHTa OTpaKeHUs paBeH eIWHUIIC. B CBSA3M ¢ 3TMM OC-
HOBHBIM ITapaMeTPOM BBICOKOMMIICHIAHCHOM CTPYKTYpHI SBJIsAeTCS (has3a
K03 bULIMeHTa OTPAXEHUsT, U3MEHSIOLIasICs B MHTepBajie /2 [4.2—4.6,
4.16—4.19], a Tak:Ke CBsI3aHHAs C HUM BeJIMYKMHA paboyero nuarna3oHa Ja-
CTOT, ompenessieMasi COOTHOIIICHUEM:

Brel:ﬁl/ﬁ’ (415)

rie f — BEPXHss YacTOTa, PU KOTOPOii (hasa KoadduumreHTa oTpaxeHus
paBHa —m/2; f, — HUXHsS 4acTOTa, IPU KOTOPO# (pasa paBHa +m/2.

BenuunHa pabouero nuarma3oHa 4yacTOT CBsS3aHA C TTapamMeTpaMU Bbl-
COKOMMIIEIAHCHOTO 9KpaHa BbIpaxkeHueMm [4.2]:

= 2mpt
(Brel _1)/ Brel :%’ (416)

res
rae A, = 2mnc/o, — IJIMHA BOJHbI HA PE30HaHCHOM YacToTe Hi-Z CTPYKTYpHI.

Bo MHorux ciydyasx npu npoBeACHUM PacyeTOB CTPYKTYPbI JIEKTPO-
MAarHUTHOTIO TOJISl aHTEHHHI 11eJ1eCO00pa3HO MePerTH OT HEMOCPEACTBEH-
HO MmapaMeTpoB LC-KOHTYPOB sTueeK, 00pa3yroIrX BHICOKOMMITETAHCHYIO
CTPYKTYPY, K IIOHSITHUIO BEJIMYMHBI TOBEPXHOCTHOTO UMITEaHCa TOKPBITUS
B 1esioM [4.26, 4.31—4.34]. Takoii mepexo 00yCIOBJIEH TeEM, YTO MPU pac-
YyeTe XapaKTepHUCTHUK HaMpaBJIeHHOCTH aHTEHHBI MH(POPMALIUI O CTPYKTY-
pe 3JIEKTPOMArHUTHOIO TIOJISI BHYTPU BBICOKOMMITEAAHCHOTO IOKPBITHS
HE UCITOJIb3YeTCsI, IIOCKOJIbKY TpeOyeTCsl 3HaHWE pacipeiesieHUs MoJjisl Ha
BEpXHEM MOBEPXHOCTU MOKPBITUSA. IJIsI BEIUMCAECHUS] BEIUYMHBI TTOBEPX-
HOCTHOT'O MMIIeIaHCa UIsl pacCMaTPpUBAEMOi CTPYKTYPBI P TAKOM ITOJI-
X0JIe UCITOJIb3yeTCsl CooTHoIeHue [4.3]:

Z =ioL/(1-’LC). (4.17)

AHamm3 cooTHomeHus (4.17) moka3bpIBaeT, YTO OHO 00pa30BaHO IIPHU
ydeTe 3JIeKTpUUecKux ImapameTpoB LC-KoHTypa siueek. KpoMe Toro, He-
CJIOXHO 3aMETUTh, YTO B OOJIACTM YACTOT, MEHBIIMX PE30HAHCHOM 4Ya-
CTOTBHl ), -JLC , CTPYKTypa 00JIaJaeT MOBEPXHOCTHBIM HMITEAAaHCOM
WHAYKTUBHOTO XapakTepa, a B 0o0Jiee BBICOKOYACTOTHOU oOiacTu —
UMIIEJAaHCOM €MKOCTHOro Tuma. JlaHHoe SBJIeHUE W/UIIOCTPUPYETCS
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Ha puc. 4.13, Ha KOTOPOM MPUBE/IEHA JIOTapUPMUIECKast 3aBUCUMOCTD Be-
JIMYMHBI MOJIYJIsl HOPMUPOBAHHOTO MOBEPXHOCTHOTO nMnenanca Z =Z | W,
(rme W, = 120m OM — BOJIHOBOE CONPOTHBJIEHWE CBOOOIHOTO MPOCTPAH-
CTBa) BOJMM3U TOYKU PE30HAHCA OT HOPMUPOBAHHOTO 3HAYEHUS YaCTOTHI
® = ®/®, B BbIEIEHHOM OKHE MOKA3aHO M3MEHEHUE 3HAaKa MOBEPXHOCT-
HOTO MMIIeIaHCa MPU MePeCceYeHU N YACTOTHOM IPaHUIIbl pe30HaHca @ = 1.

Z(®) ' ' _J
1000 H
100
10
1
0.1 1 I I

@ 098 1 102

Puc. 4.13. YacToTHast 3aBUCUMOCTh HOPMUPOBAHHOI BEIMYMHBI TOBEPXHOCTHOTO
WMITeIaHca BOJU3U pe30HAHCHOM 4acTOThl Hi-Z CTPYKTYphI

HuxHsIsT 1 BepxHsIsl TpaHUIIBI YaCTOTHOW 00J1lacTh, B KOTOPOM Ipe-
KpalllaeTcsl paclpoCcTpaHeHUE TTOBEPXHOCTHBIX BOMH (00JaCTH OTCEUYKH),
MOTYT OBITb OIpeAeIeHbI IByMs criocodamu. Bo-miepBbIX, aHATUTUYECKOMN
3aBUCUMOCTbIO [4.2—4.4]:

@, =170,5A0, (4.17)

e Ao = \/L/_C / W, — oTHOCUTeNbHAsL paboyasi 10J0Cca YacTOT 30HBI OT-
CEUYKM; BEpXHUI 3HAK COOTBETCTBYCT HIKHEHW TpaHWIIe, a HIDKHUUA —
BepxHel rpaHuie. Bo-BTOphIX, HA OCHOBAaHUM M3MEHEHUS (pa3bl KO3(D-
(unmeHTa oTpaxkeHUs B 4YacTOTHOM amartazoHe. Paza kKoadduimeHra
oTpaxxeHUs (MU IIPocTo ha3a OTpakeHUs 10 TepMuHOIOoruHn [4.3]) B 00-
IeM cliydae OIpemesaeTcsl 3KCIepUMEHTAIBHO. IS 9acTHOTO ciIydast
KBampaTHOUW (pOPMBI TIACTUHBI JAaHHBIN IMapaMeTp MOXET OBITh HaWIcH
1o pacuyeTHOU popmyie [4.2—4.4]:

0(f)=1m(~(af* +ibf -W,) [(af* ~ibf -W,)). (4.18)

rae a = 4nw*W LC; b= 2nl — KOHCTPYKTHUBHBIE MapaMeTpbl MOKPBI-
tusi; Im(-) — mpouenypa BblAeACHUSI MHUMOM 4acTH KOMILIEKCHOTO
yucna. Ipapuk 3aBucuMocTy (Pas3bl OTpaxKkeHUs ST JAHHOTO ciaydas
npuBeleH Ha puc. 4.14.
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0 2
-90 i
[——
180 e 1 - 1 —
0.8 @ 1 ©

Puc. 4.14. 3aBucuMocTh (a3bl OTpaXkeHUs OT YaCTOTHI:
1 — Hepabouue 00aCTU CTPYKTYPHI;
2 — paboyast 00J1aCTb CTPYKTYpbI (00J1aCTh OTCEYKH)

[Ipu aHanM3e JAHHOTO PUCYHKA HECIOXHO 3aMETUTh, YTO IPU YACTO-
TaX HAMHOTO MEHBLINX PE30HAHCHOM CTPYKTypa COOTBETCTBYET OOBIYHBIM
TUIOCKUM METa/UIMYeCKUM TTOBEPXHOCTSIM, IJIsI KOTOPBIX ha3a Koapdu-
LIMEHTa OTpaXKeHUs1 paBHa . Ha yacToTax HAMHOTO ITPEBBIILIAIOIIMX PE30-
HAHCHYIO CTPYKTypa MomoOHa EMKOCTHOMY 3KpaHy (a3a oTpaxkeHUs CO-
CTaBJIIET BeJIMUMHY —7). 3HayeHue (asbl 0° COOTBETCTBYET pe30HAHCHOI
4acToTe, a 00JIACTh OTCEYKU IMOBEPXHOCTHBIX BOJIH COBIIANAET C YACTOTHBIM
JIMaTIa30HOM, B KOTOpOM (a3a n3aMeHsieTcsl B uHTepBaje ot +90° mo —90°.

4.5. BeiOOp mapaMeTpOB MeTamMaTepuaaa

4.5.1. OCHOBHOII OCOOEHHOCTBIO (PU3MYECKUX MPUHIIUIIOB, Ha KOTO-
pPHIX (DYHKIIMOHUPYIOT METaMaTepuabl, SIBJSIETCS MCIOJIb30BaHUE Iu-
PaKLIMOHHBIX 3¢h(heKTOB BTOpOro rnopsiaka. K HUM oTHOCSTCS BO30YXIeHME
MMOBEPXHOCTHBIX W/WM 3aryxawommx BoaH [4.2—4.21]. HecMoTps Ha ToO,
YTO aMIUIMTYAA AaHHBIX BOJIH HAMHOTO MEHbILIE aMIUIMTYAbl Ianalolieit
3JICKTPOMArHUTHOM BOJIHBI, MPaBUIbHOE MX BO30YXAEHUE 0OeCIeUrBacT,
KaK IOKa3bIBalOT Pe3YJIbIaThl TEOPETUUYECKUX M 3KCIEPUMEHTATbHBIX MC-
cJemoBaHM, MPUBEICHHBIC, HAIIpUMep, B padotax [4.1—4.21, 4.25—4.49],
aHOMaJIbHblE CBOMCTBa MeTamarepuajoB. K HUM, B YaCTHOCTH, OTHOCSIT-
¢ BbIpaBHMBAHUE BOJIHOBOIO (DPOHTA BOJIHBI MOCJIE MPOXOXKICHUS Yepe3
MeTaMmarepuall; U3MEHEHHUE yIila IIPOXOXACHUS Ha IMTPOTUBONOIOXHBINA ISt
MM tuna DNG; obecrieueHre pexXuMa OTCEYKM TTOBEPXHOCTHOTO 3JICKTPU-
YeCKOro TOKa Ha METAJUIMYECKUX MTOBEPXHOCTSIX U JIP.

CrenyeT OTMETUTD, YTO OCHOBHOI CJIOXKHOCTBIO MCITOIb30BaHMsI MM
B TEOPUM U TEXHUKE aHTCHH SIBJISICTCS HAXOXICHUE 4acTOT, Ha KOTOPHIX
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BO30YX/IalOTCSI TIOBEPXHOCTHBIE (M/MJIW 3aTyXalollue) BOJHBI, a TaKXe
obecrieueHre TpeOyeMOil BETMUMHBI MX aMIUTUTY/. PelreHne naHHOTO BO-
Mpoca OCYIIECTBIISIETCS] HA OCHOBE TIOJTHOBOJTHOBOTO aHAJIN3a B CTPYKTYpe
MeTaMaTtepuaia, YTo TpeOyeT ITPOBeNeHUS TEOPETUUECKUX UCCIIeIOBAHNUI,
a TaKXXe CYIIECTBEHHBIX BEIYMCIMTENBHBIX 3aTpaT [4.26, 4.31—4.49].

Hau6onee mpocThiM BapuaHTOM peayiM3allii MeTaMaTepuaaoB ¢ TOU-
KU 3peHUs] OTpeesieHsT YCIOBUN BO30YKIEHUST WJIM, HA00OPOT, OTCed-
KU TIOBEPXHOCTHBIX BOJIH SIBJISTIOTCSI BBICOKOMMITEAHCHBIE TIOBEPXHOCTH.
B cootBerctBUM C [4.2—4.21, 4.25] mornepedyHO-MarHUTHBIE BOJHBI BO3-
OyXIaroTcsl Ha WHIYKTUBHOU TOBEPXHOCTU (T.6. HA 4aCTOTaX, MEHBIINX
PE30HAHCHOI), Ha KOTOPOW ITOBEPXHOCTHBIN WMIIENAHC OIpeneseTCs
BBIpAXKEHUEM:

ip
Ly = >
0EE

(4.19)
a ToMNepeYHO-3JIEKTPUIYECKHE BOJHBI MOTYT MHAYLIMPOBAThCS Ha 4acTo-
Tax, BbILIE Pe30HAHCHON, T.€. B Clydyasx, KOrjua MOBEPXHOCTb OymeT €M-
KOCTHOIA:

—iopl
Zy = TO (4.20)

rae  — MmorepevyHoe BOJHOBOE YUCIIO.
JIJ1st ToSTy4eHns TUCTIEPCUOHHON TarpaMMBl UCTIOB3YETCS B TOTION-
HeHMe K cooTHoeHusM (4.19), (4.20) ypaBHeHuUe cBsi3u [4.2—4.21]:

v=koen—p’, 4.21)

rae k, = 0\/& L, — BOJIHOBOE YK CJIO CBOOOIHOIO MPOCTPAHCTBA.
B pesynbrate mpeoOpa3oBaHUil OTydaeTcsl pa3pbiBHAS (DYHKIINS:

y=kN1-22, (4.22)

JUISL KOTOPOIi BEPXHUII 3HAK COOTBETCTBYET IIPOIOJHLHOMY BOJHOBOMY
YUCy IMOBEPXHOCTHOM BOJHBI T'M-THMa, paclpOCTpaHSIOLIEHCS Ha 4a-
CTOTax ® < 1, a HUKHUI 3HAK — IIPOIOJIbHOMY BOJHOBOMY YHMCIIY IOBEPX-
HOCTHOM BOJIHBI TE-TWMa, pacrpoCTpaHsIONIeiics B AMAala30HE YacTOT
® >1. IlpomosbHOE BOJIHOBOE YMCIIO [UISI 30HBI OTCEUKU OIpPEHeIIseTcs
dopmymnoii [4.2—4.21]:

vk 1777, (4.23)
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Hnst Hi-Z cTpyKTyp AUCTIEPCUOHHAS TUarpaMma Bo30YyKIEHUS TOBEPX-
HOCTHBIX BOJIH B TTOKPEITUY MMeET B, TTOKa3aHHBIN Ha puc. 4.15 u3 [4.25].

3HavyeHre ® = | Ha JAHHOM PUCYHKE COOTBETCTBYET PE30HAHCHOM Ya-
crote Hi-Z cTpyKTypbl. AHaIM3 TaHHOTO PUCYHKA MTOKAa3bIBAET, YTO IJIaB-
HBIM OTJIWYUWEM SIBJISIETCS 30HA OTCeYKU. B maHHOW obmactu, T.e. JieBee
JIMTHUY BOJTHOBOTO YHMCJIa CBOOOJHOTO TPOCTPAHCTBA, MOTEPEYHO-3JIEK-
TPUYECKNE BOJHBI CYIIECTBYIOT KaK BBITEKAIOIIME BOJHBI, KOTOPHIE IMOJa-
BJISTIOTCSI TIOJIEM U3JTyYEeHUSI.

[ToBepxXHOCTHBIIT UMITEJAaHC B JTAHHOU 00JIACTHU SIBISIETCS aKTUBHBIM,
YTO JaeT BO3MOXHOCTh Ha SKBUBAJIEHTHOU CXeME€ MOJENINPOBAThH €TO pe-
3uctopoM. ConpoTuBIIeHNE CBOOOTHOTO TTPOCTPAHCTBA MOJIEIMPYETCS 3a-
MUPAOIINM PE3UCTOPOM, TIPUYEM ero BennuuHa 1yisi TE-BOJH, Kak clie-
ayet u3 popmyIibl (4.106), 3aBUCHUT OT yIjla naaeHus BOJIHbI 0, [4.2]:

Z, =W, /cos®,. (4.24)

.5 1 L 1 | 1

0 40 80  Awmt

Puc. 4.15. IucnepcuoHHas nuarpaMmma Bo30YXIeHUS
MMOBEPXHOCTHBIX BOJIH B Hi-Z CTpyKTYype:
1 — yacTOTHAasT 3aBUCUMOCTh BOJITHOBOTO YKCJIa B CBOOOIHOM IMPOCTPAHCTRBE;
2 — 9acTOTHas 3aBUCUMOCTb ITOBEPXHOCTHBIX 7' M-BOJIH;
3 — yacTOTHas 3aBUCUMOCTb ITOBEPXHOCTHBIX TE-BOJIH;
4 — obnacTh OTCEYKUN

BOM3M TWMHWM BOJHOBOTO YKCIa CBOOOMHOTO TPOCTPAHCTBA (JIU-
HMU CBETa), yroa najgeHus 0, = 0°, pe3CTUBHOE CONMPOTUBJIEHUE MUHU-
MaJIbHO, a BEeJIMYMHA TTOBEPXHOCTHOTO MMITeAaHCca SIBJSIETCS] OECKOHEUHO
GOJIBIION, COOTBETCTBYIONICH TapajUIeIbHOMY pe3OHaHcCy. B pesymbrate
JVCTIEPCUOHHASI KpUBasl CTSITUBAeTCS B TOUKY K JIMHUM BOJIHOBOTO YHCIa
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CBOOOMHOTO TMpocTpaHcTBa. Kpome Toro, aHanu3 OWCIEPCUOHHOW aua-
rpaMMBbl MOKA3bIBAET, YTO MOBEPXHOCTHBIE BOJHBI TM-TUMNa MOTYT MOA-
JEPXKUBAThCS BIUIOTh IO PE30HAHCHOM 4YacToThl. Ha HU3KUX yYacToTax
COOTBETCTBYIOIIIME KM IIPONOJIbHBIE BOJHOBBIE YMCJIa PACIIONATAIOTCS
BOJM3U BOJTHOBOTO YHMCJIa B CBOOOAHOM IPOCTPAHCTBE, T.€. MOJIE pac-
MPOCTPAHSETCSd B pagvaJibHOM HaMpaBIeHUM Ha OOJIbIIUE PACCTOSIHUS
OT MOBEPXHOCTU CTPYKTYPHI, KaK U B CIy4ae OTPAXKEHUS TIOCKOW BOJTHBI
OT METAIMYECKOTO 3KpaHa. BOIM3U pe30HaHCHON YacTOTHI HAOMIOAAeT-
cd 3aMeJIEHUE POCTa NUCIEPCUOHHOW KPUBOM, OOYCIOBIEHHOE HU3KOMN
TPYIIOBO CKOPOCTBIO BOJIH, B PE3yJIbTaTe YEro MOBEPXHOCTHASI BOJ-
Ha TUIOTHO TIpUJIeraeT K MOBEPXHOCTU 3KpaHa. {ucnepcroHHas KpuBasi
CTPEMUTCS K PE30HAHCHOW YacTOT€ aCUMMTOTUYECKU, MOCKOJbKY Tpe-
JIeJIbHOE 3HAYE€HWE MOBEPXHOCTHOTO MMIIEAAHCAa HE SBJSETCS TpaHULEH
30HbI BpWIT0sHa, 19 KOTOPO# IIyOWHAa KaHABKM JOJKHA OBITh paBHA
0,5X,. ITpyn yacToTax BbIIE PE30HAHCHON HAYMHAIOT MOIEPKUBATHCH MO~
BEpXHOCTHBIE BOJHBI 1TE-tuna. [Ipu 3TOM Havyano AUCEPCUOHHOU Kpu-
BOI COBMAAAeT C JIMHUEN BOJHOBOIO YKCJIa CBOOOMHOTO MPOCTPAHCTBA,
YTO CBUJETEJIBCTBYET O TOM, UYTO MOBEPXHOCTHBIE BOJHBI TE-TUma pac-
MPOCTPAHSIOTCS B PaAUaIbHOM HAIpaBIEHUU Ha OOJIBIINE PACCTOSIHUS
oT moBepxHOCTU. C pOCTOM YaCTOTHI JUCTIEPCUOHHAS KpUBasi HAYMHAET
PE3KO yIasAThCs OT JUHUU BOJIHOBOTO YMCa CBOOOIHOIO MPOCTPAHCTBA,
YTO TOBOPUT O 3aMEMJIEHUHU BOJIHEI, T.€. O IPe00IaflaHuX TTOBEPXHOCTHO-
ro xapakrtepa. HakjloH AuCrepCUMOHHON KPUBOM CBUIETEIBCTBYET O TOM,
YTO MOKA3aTeNIb MPEJIOMIEHUSI CTPYKTYPBI OOJIbIlIE €AUHULIBI, TOCKOJIbKY
B 9TOM CJTy4yae HaOII0AAeTCS 3HAUUTENbHBINA BKJIa] SJIEKTPUYECKOTO MOJIS,
CKOHIIEHTPMPOBAHHOTO B 00pa3ylolluxcs B CTPyKType €MmkocTsax. [lpu
WCITOJIb30BAaHUM EMKOCTHBIX CTPYKTYP JUISI OMMUCAHUS 3JI€KTPOMATHUTHOM
CTPYKTYpPBI C OTCEYKOM Ha MAHHBIX YaCTOTaX YBEJIWUYUBAETCS NEUCTBYIO-
11asi IU3eKTpUYecKasi MPOHUIIAEMOCTb MaTepraa.

4.5.2. Tlpu ucnonb30BaHUY METaMaTepUaJIOB CMEIIIAHHOTO TUTIA B Ka-
YeCcTBe 00513aTeIbHOTO TPeOOBaHMsI, KaK YK€ OTMEUasioch B II. 4.2, BBICTY-
naeT 00ecreyeHre COMPSKEHUSI COCEIHUX CII0EB O JIEKTPUYECKUM Ta-
paMmeTrpaM (OOUH CJIOH MMEET OTPULIATEIbHOE 3HAY€HWE OTHOCUTEIbHOM
JNASJIEKTPUYECKON MPOHUIIAEMOCTH U MOJOXUTENbHOE 3HAYEHUE MAarHUT-
HOIi TIPOHUIIAEMOCTH, a BTOpPOoil — Hao00opoT) [4.10—4.14]. JlanHoe compsi-
XXKEHUE CJIOEB, Pa3MENIAEMbIX Ha METAJUTMYECKOM 3KpaHe, KaK CIEAyeT U3
TEOPUHU, IPUBEJECHHON B YKa3aHHBIX pab0TaxX, TOCTUTAETCS MIPU BBITMOJIHE -
HUU IBYX yciosuit [4.27—4.30]:
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— YCJIOBMA pE€30HAHCA SJICKTPOMATrHUTHOTO ITI0JISA B CIIOAX:

Wy =W, =W,
2k1d1 = 2k2d2,
d e m[ g (4.25)
d, |51| |H|| ,
|8i| = 8<< 1’ |“’1| >>17
W, =W, =W,
d=d,,
1 . ’ (4.26)

|81|=|82|= d<< 1,
|H|| =|“2| =u>>1.

— BBIIIOJIHEHUST KPUTEPUS MaKCUMM3allMKd KoadduimeHTa orpaxe-
HMA S| IPY MUHUMU3ALUKU KOG GULMEHTa epeaadu S, TOKPBITHUSL:

i S =41 arg(s,,)=0; (4.27)
Jim 8, =0 arg(s,,) =-0.5m; (4.28)

_w-w 1—exp(=i2k,(d, +d,))

_ ; 4.29
rae 1 W0+W1_ Mzex (=i2k,(d, +d,)) -
W, +w P e
aw.w exp(—ik,(d, +d,))
21 T . 2 2 — : ’ (430)
(VVO+W) 1- M exp(—i2k,(d, +d,))
W, +w P b

me k, u W (n=0, 1, 2) — BOIHOBOE YUCIO U XapaKTEPUCTUYECKOE CO-
NPOTUBJIEHUE N-TO CJIOSI COOTBETCTBEHHO; d, — TOJILIMHA CIIOSA; €, M [, —
OTHOCHUTEJIbHBIE TUIJIEKTpUUYECKass W MarHUTHAas IIPOHUIIAeMOCTh A-TO
cnost. Uamekc «0» COOTBETCTBYET CBOOOTHOMY IIPOCTPAHCTBY, CJIeIOBa-
TENbHO, £, = [, = 1, d, = .

AHa3 TIPUBEICHHBIX BBIIIIE COOTHOIIIECHUIA TOKA3bIBAET, YTO

— KpUTEpUiIl MaKCUMMU3AINU KO3(DGUIINEHTa OTPaXKEHUST TIPU MUHU-
MU3al K03 @UIIMeHTa Tepeaayn IMMOKPHITUS COOTBETCTBYET YCIOBUSIM
peanu3aly MAeaIbHOTO MAarHUTHOTO 3KpaHa M3 BBEICOKOMMIIETAHCHOTO
Marepuaa;
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— PE30HaHC B MOKPBITUSIX U3 CMEIIAHHBIX MeTaMaTepuaaoB obecre-
YKMBAET MPaBWJIBHBIM BBIOOPOM TPEX MapaMeTpPOB MaTepuasia CIOEB: OT-
HOCHUTEIbHOM JAM3IEKTPUYECKOW € W MArHUTHOW | TPOHUIAEMOCTEH,
a TaKXe TOJIIUHBL d, CJIOA.

B pa6orax [4.27—4.30] mpuBOAATCS pe3yIbTaThl NCCIIEIOBAHMIA TIapaMe-
TPOB CJIOEB, YIOBJICTBOPSIOLIMX YCIOBUSIM BO30YXKIEHUST pe3oHaHca (4.26).
Ha puc. 4.16, 4.17 npuBeneHbl pe3ybTaThl UCCICAOBAHUI 3aBUCIMOCTH KO-
2 duLMEHTOB OTpaxeHU S|, 1 KO3(dULIMEHTa NEPeNayn S, OT BETMYMHBI
OTHOCHUTEJIbHBIX JU3IEKTPUIECKON U MATHUTHOI MTPOHUIIAEMOCTEM.

Isl 1| arg(,su) s
0.9 | | | T Zp a0
0.8
rrr

0.7

0.6

0.5

-60 -40 -20 K

Puc. 4.16. 3aBucumMocTh Ko huimeHTa OTpax(eHm{ S, or
l—d =d,=0,050;2—d =d,=0,1k;
CTUTONIHbIE TUHIH — 3aBHCUMOCTH moayns S, ;
LITPUXOBBIC TUHUU — 3aBUCUMOCTH (pa3bl S

| Sy
0.8

Puc. 4.17. 3aBucumocTb K03(h(QULIMEHTA IEPenaun S, OT L
1—d =d,=0,050;2—d =d,= 0,1k
CIUTOITHbIE TMHUH — 3aBUCHMOCTI MOZ[YHH S
LITPUXOBBIE IMHUU — 3aBUCUMOCTH (Da3bl S
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HpI/I IIPpOBCACHUN WCCIIENOBAHUIA nojarajoCb, 4TO BCJIMYMHA OT-
HOCUTEJIbHOMN I[I/IBJ'ICKTpI/I‘ICCKOI\/'I IIPOHUIACMOCTU U3MCHATACh B IIPEAC-

-2 —4 " o
nax |s|e[10 ;1077], a OTHOCHMTEIBLHOM MArHUTHOM IPOHMIIAEMOCTH —

lu|€[1; 60]. TommumHa clOEB MOKPBLITUS COCTABISUIA d, =d,= 0,05},
(kpusblie 1) u d, = d, = 0,1}, (KpuBbI€ 2).

AHaM3 TOyYeHHBIX PE3YJIbTaTOB TMOKa3ajl, YTO BeJWYMHA XapaKTe-
PUCTUYECKOTO COTIPOTUBIIEHUSI BEPXHETO CJIOST TIOKPBITUSI, HOPMUPOBaH-
Hasl K CONPOTHMBJIEHUIO CBOOOIHOIO MpocTpancTBa W/W,, HOCUT MHIyK-
TUBHBI XapakTep M M3MeHseTcs B mpenenax i31,62 < W/W, <i774,59.
MakcumanbHas BelMYMHA MOAYJIs Ko3(duuueHta oTpaxeHus S, co-
craBuna 0,999, a ero dasa pasna 2°. Jlna koadpduumenrta nepenaun S,
MUHUMAaJIbHOE 3HauYeHue monyis coctasiseT (0,032, a ero dasza omnpene-
JisteTcst BemnuuHoi —87,97°. JlaHHble 3HaYeHUS TTOJTy4eHbl Tipu &€ = —10~*
u = 60 misa omHoro ciost, € = 10~ u u = —60 11 BTOPOTO CIIOSI.

TakvM 006pa3oM, TIpW BBITIOTHEHUM TTOKPHITUSI U3 MeTaMaTepuaioB
CMEIIIaHHOTO TUTIA YCIIOBUE Pe30HaHCa TOCTUTAETCS TIPU MUCIIOTh30BaHUY
MaTepuayioB C OTHOCUTEILHON TUAJIEKTPUIECKON TTPOHUIIAEMOCTBIO CIIO-
€B |8|min — 0 1 OTHOCHUTENIBHON MAarHUTHOM MPOHUIAEMOCTHIO |“|max -®,
[MpenenbHBIMU 3HAYEHUSIMU TSI BETUYMHBI OTHOCUTENbHOW MarHUTHOM

TPOHUIIAEMOCTU SIBJISIETCS 3HAYEHUE |u|= 60. JlanpHeiilee yBeInueHUe
MOJyJIS Helleslecoo0pa3Ho, TMOCKOJIbKY HE TPUBOAMT K CYIIECTBEHHOMY
U3MEHEeHU1I0 MOnyJIsl 1 (pa3bl KoadduimeHTa oTpaxkeHus.

4.6. ITpuMepHbI NCIIOAB30BaHNS MeTaMaTepHal0B
B aHTEHHON TeXHUKe

4.6.1. O6nacTy NMPpUMEHEHUS METaMaTepUaioB B aHTEHHON TEXHUKE
pa3HoOOpa3Hbl. [Ijis mprMepa pacCMOTPUM HECKOJIBKO YaCTHBIX CIyda-
eB, HauboJIiee YacTO MCIIOJb3YEMbIX IIPYU KOHCTPYMPOBAHUU AHTEHH: [UIS
yhopaBiieHus: (OPMOIi auMarpaMMbl HAIMpaBACHHOCTU, HJIs IIOCTPOSHMUSI
HU3KONPOMUIbHBIX AHTEHH, JJIS U3BMEHEHHUsI TPaeKTOPUU PACIIPOCTPaHe-
HUSI 3JIEKTPOMATHUTHOM BOJIHBI B MHOTOCJIOMHOM ITOKPBITUH.

AHau3 BapUaHTOB MCIIOJIb30BaHMS MeTaMaTepUaJoB B aHTEHHOM
TeXHUKe HAaYHEM co ciydast mpuMeHeHuss MM tuna DZR nnst uaMeHeHus
(opMBbI nUarpaMMbl HaIpaBI€HHOCTU aHTeHHBbI. IlycTh MeTaMaTepuaibl
HCIIOIB3YIOTCS /IS BBIIIOJIHEHMST TBYXCIOMHOIO ITOKPBHITHSI Ha HeCYyIei
KOHCTPYKLIMM B BUJI€ KPYrOBOIO METa/UIMYECKOro LIMIMHApA pamuyca d.
B nokphITM OOUMH M3 CIOEB M3rOTOBJEH M3 MaTepuaja C IoKa3aTejleM
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MPEJIOMJIEHUS, MEHBIIIM €IVMHULIBL. BBIOOP IBYX CJIOEB MOKPHITUST O0YCIOB-
JIEH TeM, 4TO, KaK IoKa3aHo B [4.8], umcio cimoeB misd Taknx MM 11emecoo-
OpasHoO BBIOMpATh YeTHBIM. TOMIIMHA CTI0EB TIOKPBITUS COCTABISET £ (i= 1, 2),
a OTCYET CJIOEB OCYUIECTBISIETCS CHU3Y (OT MOBEPXHOCTU METAUIMYECKOTO
LWIMHAPA) BBepX. U3imyyartenb (MpOaOAbHBIN 3IeKTPUYECKHUIA, TIPOIOIbHBINA
MAarHUTHBIA WY paIvajibHbIA MArHUTHBIA QUIONb) pa3MellaeTcs Ha yaa-
JIEHUW A OT TIOBEPXHOCTU BEPXHETO CJIOSI TMOKPBITUS. Pe3ynbraTtel Moaeau-
pOBaHUSI TUarpaMMbl HAIIPaBJIEHHOCTH, BBIIIOJIHEHHBIE C UCIOJIb30BaHUEM
W3BECTHBIX COOTHOIIIEHUH, PUBEACHHBIX, HaTpuMmep, B [4.50], st nepeunc-
JICHHBIX BBIIIIC TUTIOB M3JTydaTesieit moKa3aHbl Ha puc. 4.18—4.20 u3 [4.39].

Puc. 4.18. 3aBucumocts JIH 1pomoabHOTo aJ1IeKTpUUeCKOTo TUTIONS
OT ITapaMeTPOB TIOKPBITHS:
a — ¢ =2, uBappupyercst: 1; 0,8; 0,6 u 0,01 (kpuBbie 1—4);
6 — n =2, ¢ Bappupyercs: 1; 0,8 u 0,01 (kpubie 1-3)

Puc. 4.19. 3aBucumocTts JIH npomonbHOro MarHUTHOTO AUTIONS
OT MapaMeTPOB MOKPHITHSI:
a — ¢ =72, uBapbupyercs: 1; 0,8; 0,6 1 0,01 (kpuBbie 1—4);
6 — u =2, ¢ Bapsupyercs: 1; 0,8 m 0,01 (kpuBbie 1—3)

Ilonaranock, YTO KpyroBoi HUIMHAP UMEN PaIuyC a = A, U3aydaTeslb
pasmennancs Ha paccTossHUU A = 0,25\ OT NMOBEPXHOCTU MOKPBITUSI, TOJ-
LIMHA CJI0EB MOKPBITUSA cocTabisia ¢, = 0,1 (i = 1, 2). IIpu nmposeneHun
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HUCCeA0BaHUM pacCMaTpPUBAIMCh ABa Ciaydas: Mpu (PUKCUPOBAHHBIX 3HA-
YEeHUSIX OTHOCUTEJIbHOU TUAJEKTPUUECKON MPOHULIAEMOCTU U3MEHSIJIOCH
3HAaY€HUE OTHOCUTEJIbHOM MarHUTHOW MPOHUIIAEMOCTU, U HAOOOPOT.
B nmepBoM cityyae mosaraaoch, 4to € =g, =2, a | U3MEHAIOCH U TIPU-
HUMAaJIO COOTBETCTBEeHHO 3HaueHus 1; 0,8; 0,6 u 0,01. DTuM 3HAYEHUSIM
COOTBETCTBYIOT PUCYHKHU € UHIEeKcaMU «a». [Ipu 3ToM JieBoe IoJjie WIIo-
CTPUPYET Pe3yJbTaThl, MOJyYeHHbIE MPU UBMEHEHUN MarHUTHBIX CBOMCTB
BEPXHETO CJ10s1, a MPaBOe IM0JIe — HUXKHETO CJIOS.

Puc. 4.20. 3aBucumocts JIH panuanbHOro MarHUTHOTO TATIONS
OT MapaMeTPOB MOKPBITHUS:
a — ¢ =2, puBappupyercs: 1;0,8; 0,6 1 0,01 (kpusble 1—4);
6 — u =2, ¢ Bappupyetcs: 1; 0,8 u 0,01 (kpuBbie 1—3)

Bo BTOpOM Ciiydae (pMKCHUPOBAJIOCH 3HAUYEHUE L = 2, a BEJIMYMHA OT-
HOCUTEJIbHOM IUBJIEKTPUYECKOM IPOHUIIAEMOCTH M3MEHSIach, IpH-
Humasg 3HayeHud 1; 0,8 u 0,01. Ha pucyHkax ¢ uHgekcamu «0» JaHHBIM
BapMaHTaM COOTBETCTBYIOT KpuBkle 1—3. Ha jeBoM Imosie MmokasaHbI pe-
3YJIBTATHI, ITOJTY9eHHbIE TIPU N3MEHEHUY TU3JICKTPUIECKUX CBOMCTB BEPX-
HETO CJIOS, a Ha MPaBOM IT0JIe — HUKHETO CJIOSI.

AHaJIi3 TPUBEICHHBIX PE3YJIBTATOB IMTOKA3bIBAET, YTO HanbOJIee CHITb-
HO Ha M3MEHEHME HaIlpaBJICHHBIX CBOMCTB M3JIydaTesjeil OKa3bIBaeT IO-
KPBITHE, § KOTOPOTO MarHWUTHBIE CBOMCTBAa OTIMYAIOTCS OT EIWHUIIBI.
ITpu 3TOM Yy IPOAOJIBHOTO 3JIEKTPUYECKOTO TUITOJIST U3MEHSETCS ITUPUHA
[JIABHOTO JIeTIeCTKa JuarpaMMbl (JIEIIECTOK CY:KaeTcsl), 0COOEHHO CHUIBLHO
9TO HaOII0AAaeTCs, €CJIM MarHUTHBIE CBOMCTBA MaTepuaja BEPXHEro CJIOs
MOKPBITUSI CTPeMSTCS K Hyo. [lodylmprHa IIaBHOTO JIeTeCcTKa M3Me-
HSIeTCS IPUMEPHO B BOCEMb pa3, UYTO MPUBOAMUT TaKKe K CMEIIEHUIO M0~
JIOKEHMST B MIPOCTPAHCTBE TJIABHOTO JICTIECTKA JUarpaMMbl HaIllpaBJIeHHO-
cth. MI3MeHeHne TU3IeKTPUIECKUX CBOMCTB MaTepyaia IOKPBITHI TaKKe
MPUBOIAT K CY:KEHUIO TJIABHOTO JIETIECTKA JUarpaMMBbl HalpaBJIeHHOCTH,
OJTHAKO JAaHHBINA 3(GHEKT MPOSIBISETCS HE TaK CHIIHHO.
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Jns1 usityyateneil MarHUTHOTO TUIa 3(PdeKThl, BBISIBICHHbIE TIPU U3-
MEHEHUU NapaMeTpPOB MOKPBITUS, MPOSIBISIOTCS HauboJee HATrISIHO IS
MPOAOJBHO OPUEHTUPOBAHHOTO AUTOJS. B 3TOM cilydyae u3MeHeHue Mar-
HUTHBIX CBOMCTB MaTepuasa CJIOEB MOKPHITUSI MPUBOIUT HE CTOIBKO K U3-
MEHEHUIO Y AuarpaMMbl HallpaBJAE€HHOCTU IIMPUHBI TJIABHOTO JIETIECTKA,
CKOJIbKO K U3MEHEHUIO €€ (POpMbl. DTO MPOSIBISIETCS CHAayajda B 3aMeHe
HaIpaBJ€eHUI OPUEHTALIMU TJIABHOTO U MEPBOrO DOKOBOTO JIETIECTKOB M-
arpaMMbl HalIPaBJIEHHOCTH, a 3aTeM B (DOPMUPOBAHUU OJHOJIEIECTKOBOM
JIarpaMMbl HAITPABJIEHHOCTH MPU YCTPEMIIEHUU MarHUTHBIX CBOMCTB Ma-
Tepurajia NOKPHITUS K Hyt0. [Ipy U3BMEHEHUN AURIEKTPUIECKUX CBONCTB
MaTepuasia MOKPBITAS HaOM0AaeTcsl HEeOOJbIIOE CMEIIEHUE TJIaBHOTO
JIETIeCTKa, a TakXe U3MEHEHUE YPOBHS OOKOBOTO U3JIydeHUs (TIpU U3Me-
HEHWU JUAJIEKTPUYECKUX CBOMCTB HUXKHETO CJIOS MOKPBITUS). s panu-
QJTbHO OPUEHTUPOBAHHOTO MATHUTHOIO IUITOJS U3MEHEHUE MAaTrHUTHBIX
CBOWCTB MOKPBITUSI MPUBOJUT K CMEIIEHUIO HAMPaBJIEHUS TJIIaBHOTO Jie-
MecTKa JuarpaMMbl HampaBIe€HHOCTH, Haubojee CUJIBHOro (IpUMEpPHO
Ha 50 rpagycoB) MpU YMEHBUIEHUW MAarHUTHBIX CBOMCTB BEPXHETO CJIOS.
OddexTl, HabMOAaEMBIE TPU YMEHBIIEHUU ITU3JEKTPUYECKUX CBOMCTB
MaTepuayia MOKPBITUS, T€ XK€, YTO U I MPOJOJIbHO OPUEHTUPOBAHHOIO
MarHUTHOTO JUTIOJS.

4.6.2. OLleHUM BJIMSIHUE TIOKPBITUSI M3 METaTepualioB CMEIIaHHOTO
TUMA HAa XapaKTepUCTUKU COMIACOBAHUSI CO CBOOOJHBIM MPOCTPAHCTBOM
pacnojioXXeHHOU BOIM3M aHTeHHBI. PaccMOTpuM cityvaii pa3MeleHus ro-
PU30HTAJIBHOTO MOJIyBOJIHOBOTO 3JIEKTPUYECKOrO BUOpaTopa BOJIU3U MO-
KpbITUs U3 MM cMellaHHOTO TUIa, OOECIEeYUBAIOIIET0 MUHUMAIIBHYIO
basy kosdduumenrta orpaxenus min(arg(S),)), T.e. MAKCUMaJIbHOE 3HA-
YeHUe XapaKTepUCTMYECKOTO COTPOTHBIIEHMST TOKphiTus. Ha puc. 4.21
u3 [4.28, 4.29] nmpuBoIsATCS pPe3yabTaThl UCCICOOBAHUS 3aBUCHUMOCTD aK-
TUBHOW (CIUIOIIHAS JIMHUSI) U PEAKTUBHOU (IITPUXOBas JIMHUSI) COCTaB-
JISTIOIINX BXOAHOTO COTIPOTHBIIEHMSI BUOpaTOopa OT ero ymajaeHus A/ oT
TOBEPXHOCTHU MOKPHITUS.

AHaJIN3 TOJIyYEHHBIX Pe3YyJIbTaTOB MOKA3bIBAET, YTO IPUMEHEHUE MO~
KpbITuiA 13 MM cMelmaHHOTrO TUMa JAaeT BO3MOXHOCTh pa3MellaTh W3-
Jydateau Ha ypaieHuu mopsiaka h/A = 0,1 (1o cpaBHEHUWIO C Tpaauilv-
OHHBIM A/A = 0,25 BOMM3U METAUIMYECKOTO KpPaHA) OT IMOBEPXHOCTHU
3KpaHa, obecrieuuBas MPU 3TOM MaKCUMaJbHOE 3HAYEHUE AKTUBHOU
COCTABJISIIOIIEN BXOJAHOTO COMPOTUBICHUS U OJU3KOE K HYIIO 3HAYECHUE
peakTUBHOM cocTapistomeli. Kak u3BecTHO U3 psaa paboT, Hampumep,
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[4.51], mpy MHAYKTUBHOM XapaKTepPUCTUUECKOM COTIPOTUBIIEHUM TTOKPHI-
THUSI YU OTIUCAHHOM BBIIIIE COOTHOLIEHUN MEXAY aKTUBHOU U PEAKTUBHOM
COCTaBJIIOIIUMHU BXOJHOTO COIPOTUBIICHUS] aHTEHHBI MOXHO TOBOPHUTH
0 CO3JaHUU B 3KBUBAJIEHTHOM CXeMe 3aMeIlleHUs TTOCIeI0BaTeIbHOTO pe-
30HaHca. [Ipu TakoMm pe3oHaHce aMIUIMTYAa TOKa B aHTEHHE BO3pPACTaeT
MPpUOIU3UTENIHEHO Ha JABA MOPSIKA M0 CPaBHEHUIO C aMIUTUTYI0M TOKa 0e3
5KpaHa C BBICOKOMMITEJAHCHBIM IMOKPBITUEM.

Z(h),
O

50

0

- =

-50
0 005 0,5 hA

Puc. 4.21. 3aBUCMMOCTb BXOJHOTO COMPOTUBJIEHUSI TOPU30HTAJILHOTO
MOJIyBOJTHOBOTO 3JIEKTPUUECKOTO BUOpATOpa OT yAaJeHUS U3JTydaTest
OT TTOBEPXHOCTH MOKPBITHSI:

CIUIOLIIHAS JIMHUSI — aKTUBHAsI COCTaBJISIIONIA;
LITPUXOBast TUHUSI — PEaKTUBHASI COCTaBJISIIOLLIAS

4.6.3. Emi€é omHMM M3 MHTEPECHBIX BOIIPOCOB, BO3HMKAIOUIMX TPH KC-
MOJIb30BaHUU MeTaMaTepuayioB, SIBJISIETCS MX CIOCOOHOCTh M3MEHSITh Tpa-
E€KTOPUIO PACIIPOCTPAHEHUS IUIOCKOM 3JEKTPOMArHUTHOM BOJIHBI B CJIOSIX
MOKPHITUS (CBOICTBA JIMH3bI). 7151 (pr3rvecKoii TpaKTOBKM TTOTy4aeMbIX pe-
3y/IBTaTOB 1IeJIecO00pa3HO UCITONb30BaTh IyueBYIo Teopuio [4.2]. Ha puc. 4.22
MoKa3aHa TeoOMeTpHsI 3a1auu 1151 TpexcaoitHoi cpennl (i =0, 1, 2).

Hnsa 3amaHus mpeneabHbIX 3HAYCHUI YIJIOB MaJeHusl, IpU KOTOPBIX
ellle BO3MOXHO ITPOXOXIEHHE BOJHBI B CJIOU, MPUMEHSIETCS BEJIMYMHA
KpuTHyeckoro yrjaa 07 i-ro ciost, cBsI3aHHas C IOKa3aTesieM IpeIoMIe-
HUSI CPEnbl n, = \/a cooTHoleHueM [4.52]:

0" = arcsin(n, /n, ). (4.27)

ITockonbky 100 ofHA, MO0 00 BEIMYMHBI OTHOCUTENbHBIX TPO-
HUIIAEMOCTEI Cpelbl U3 MeTaMaTepraJoB MOTYT OBITh OTPUIATEIbHBIMH,
TO BBIYMCJIEHUE CBSI3aHHBIX C HUMU XapaKTePUCTUK CPeabl — IMoKa3aTes
NPEJIOMJIEHUA 1, BOJHOBOTO YMCJIa CPENbI K, BOJHOBOTO COMPOTUBIIEHUS
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cpensl W, — BbI3biBaeT cioxHoctu. B pabore [4.11] nokasaHo, 4To npu
MOJEIUPOBAHUN MapaMeTPOB CPelbl JJISI CMEIIAHHOTO TUIlAa MeTamaTe-

N N D A o AP o

MaTepHayIoB, 00JANAIOIINX O0OOMMHU OTPHULIATCIBHBIMU 3HAYCHUSIMU TIPO-

HuLaeMocteit k; = —ko\/m |H,-| un =—«/|8,-||u,-|. Hapsiny ¢ npuBeneHHbI-
MU BBIIIIE COOTHOIIEHUSIMU TPU OMNpPENeIEHUHA 3HaKa BOJHOBOTO YHUCa,
OIMKCHIBAIOIIETO HAMpaBJIE€HUE PACTPOCTPAHEHUS 3JIEKTPOMArHUTHOMN
BOJIHBI B CJIOE, CJIeAyeT YIYUTHIBATh MoJsipu3anuto BojaHsl [4.11]. Tak, mis
cMelraHHoro tTuna MM npu TM-nonsgpuszaunu nagamouieir BOJIHbI U3Me-
HEeHMe HampaBJIeHUs PacrpOCTPaHEHUs BBI3BIBAIOT CJIOU, Y KOTOPBIX OT-
HOCUTEIbHAA OU3JIEKTpUYecKasd TpoHuiaeMocTsb g < 0. B ciydae, ecnn
32 TaKMM CJIOEM DPACIOJOXeH ¢JIoi ¢ W, <0, TO BOIHA OMATH M3MEHMT
HarnpasjeHue. [Ipu naneHun BoiHbI TE-monsipu3aliv CMEHY yIjia Tpe-
JIOMJIEHUSA BBI3bIBAIOT ¢jtou ¢ W, < 0 u g, < 0. B Tabm. 4.1 11 yeThIpex Ba-
PUAHTOB MOCTPOEHUS TOKPHITUS, TOKa3aHHOTO Ha puc. 4.22, MpUBEIEHbI
3HAYEHUS KPUTUYECKOTO YIjia 1 yIiia TPOXOXIAEHWS BOJHBI B CIETYIOIINIA
CJI0i, a Ha puc. 4.23 npuBeACHBI JTyYeBbIE CXEMbl PACTIPOCTPAHEHMS TUI0-
CKOIf 3JIEKTPOMarHUTHOU BOJIHEI.

/
/
EN, ,Ei
£os Ho |/ 0
| /’
. 0 /
!
/
E, U 'gi?’{
17 ™4 E, E
4 J'r 52
7
3

Puc. 4.22. TeomeTpus 3ama4u Npu UCIIOJIb30BAHUU JTYYEBOTO MOAX0A
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Tabauya 4.1
3aBUCUMOCTb ITAPAMETPOB TPAEKTOPUU BOJTHBI B CJIOSIX TTOKPHITUS 13 MM
TMapameTphi cioes o " YroJ1 poxoXAEeHUST BOJHBI B CJIOM
i | TM-nonspusus TE-nonsipusus
g,=2,u,=2 90—i75,5 | 2 20,7 20,7
g,=2,u,=2 90 2 20,7 20,7
g, =—2,1,=2 i82,7 2 -20,7 20,7
g,=2,1,=-2 90 2 20,7 —20,7
g,=2,u,=-2 i82,7 2 20,7 —20,7
g, =—2,1,=2 90 2 -20,7 20,7
g,=2,1,=2 90—i75,5 | 2 20,7 20,7
g, =—2,u,=-2 90 -2 -20,7 -20,7

z_r

Puc. 4.23. 3aBucuMoCTb TPaeKTOPUHU PACIIPOCTPAHEHUS BOJHEI OT TTAPAMETPOB
CJIOEB MOKPBITHS U TTOJISIPU3AIIAN BOJTHBI:

T

a — BapuaHT NOKPHITUS 1 13 Tab. 4.1 1151 06erX MOISIpU3aIInii;
0 — BapyaHT MOKPbITUA 4 11 00X MOJISIPU3aLIUiA;
6 — BapUaHT MOKPHITHS 2, TM-TioNsapu3aiust; ¢ — BApUaHT MOKPHITHS 2,
TE-nonsipuzaliust; 0 — BapuaHT NOKpbITUs 3, TM-nionspusanys;
e — BapuaHT NMoKpbItus 3, TE-Tionsspusanus
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CrutonrHble JIMHAKA Ha JAHHOM PHCYHKE WLTIOCTPUPYIOT TPAGKTOPHIO T1a-
JTAOIIECH W MIPOILEANIEN BOJIH, a TyHKTUPHBIE — OTPAXXEHHOU OT IPAHULL BOJTH.
BosHbI, oTpakeHHbIe BO BHYTPEHHUE OOJACTU OT BepxHEil IPaHUIIbI CJIOEB
3]IeCh He TOKa3aHbl, YTOObI He 3arpoMozKaaTh pucyHoK. ITpu atom puc. 4.23,a,6
WUTIOCTPUPYIOT Pe3yJIbTaThl, KOrAa IapaMeTphl CJIOEB MMEIOT OTWHAKOBHIC
3HaKM — 00a TOJIOXKUTENbHbIE U 00a OTpUlIaTeNTbHbIE (COOTBETCTBEHHO Ba-
puaHT 1 u 4). puc. 4.23,6,e COOTBETCTBYIOT BTOPOMY BAapUaHTy BBITIOJTHEHUS
MOKPBITHSI, HO OTIMYAIOTCS TOJISIpM3allieil Majaronieil BoiHBL. B mepBom
clly4yae BojiHA umena T M-monsipusaiuio, a BO BTOpoM — T E-NOsIpU3aluio.
puc. 4.23,0,e WIITIOCTPUPYIOT COOTBETCTBEHHO TPETHII BapUAHT BBITOJTHEHUS
TOKPBITUS 17181 ciydas naaeHust TM- n TE-noasipu3aliyiv BOJTHBI.

AHaIN3 TIOJYYeHHBIX PE3yJIbTaTOB J1aeT BO3MOXHOCTD CIEIaTh CJIEIy-
FOIII1E BEIBOIBI:

— B cpenax DPS HampaBiieHHE Jlyda He NU3MEHSET CBOIO «IIPaBU3HY»;

— B cpenax DNG HarpaBieHue Jiydya Py BXOAE U3 CPeabl C «IIpaBU3-
HOIi» M3MEHSIETCSI Ha TPOTUBOITOJIOKHOE, T.€. CTAHOBUTCS <«JIEBBIM», UTO
COOTBETCTBYET TOJIOXeHUsIM Teopun Becemaro [4.1];

— g cpen SNG u3MeHeHUe «IIpaBU3HBI» Ha «IEBU3HY» 3aBUCUT OT
COoYeTaHUs IMOJSIpU3allMK Tafalolleil BOJIHB U IlapaMeTpaMM MaTtepurajia
ciost. Tak, pu mameHWUH BOJHBI T M-TIoJsipU3aliid M3MEeHEHUEe HallpaB-
JICHUsI HaOJIIOMaroTCsI, HaUYMHasI co cyioeB ENG, pu TTageHUM BOJTHEI TO-
PU30HTAILHOM TTOJISIpU3aLiK, HAa000pOT, HaUMHas co clioéB MNG.

4.6.4. IlepeunciieHHbIE BBIIIE OOJACTM TMPUMEHEHUS MeTaMarepua-
JIOB HE MCUYEPITBIBAIOT OOJIACTA IIPUMEHEHUs TTOBEPXHOCTHBIX BOJH IIJIST
VIpaB/IeHUsT 3JeKTPOMATHUTHOTO ITOJNS aHTeHHEBI. Tak, B paboTrax aBTO-
poB [4.43—4.45] npuBoAsATCS pe3yiabTaThl UCCIACTOBAHUI BAMSHUST TaHHBIX
BOJIH Ha IVIyOMHY (DOPMHUPYEMOTO <«HYJIsl» IUarpaMMbl HalpaBJIeHHOCTH
aJarTMBHOM aHTEHHOM pelleTKy, a B padoTax [4.26, 4.31, 4.32, 4.36—4.38]
paccMaTpUBAIOTCS TEOPETHUECKME BOIIPOCH HAXOXICHMS YCIOBUI BO3-
OyXIeHUs MMOBEPXHOCTHBIX BOJIH, B paborax [4.26, 4.31—4.35, 4.37, 4.46,
4.47] npemnaraeTcs MOIXOMA HaXOXIEHUST BEJTUYMHBI TTOBEPXHOCTHOTO MM-
neaaHca JUIS CJIOUCTBIX MOKPHITUI M3 MarHUTOAMAJIEKTPUKOB. B paborax
[4.23, 4.24] paccMaTpuBalOTCs OTpaHUYCHMS, HAaKJIagbIBacMble Ha COOTHO-
IECHWSI MEXIY NEWCTBUTEILHONM M MHUMOM COCTaBJISIOIIECH KOMIUIEKCHBIX
MPOHMIIAEMOCTEM Cpelbl C OTPUIATEIbHBIM ITOKa3aTeIeM MPEIOMIICHMUS.

Kpowme Toro, cyiiecTByeT €€ psii HalpaBlIeHUI, CBA3aHHBIX C TIPUMe-
HEHMEM MeTaMaTepHaJioB B KauecTBe JIMH3. B cuimy orpanmyeHmit oobEma
MOHOTpaduM IPEACTaBUTh BCE PE3YJIBTaThl UCCICIOBAHUI HE IPEICTaB-
JISIETCSI BO3MOXKHBIM.
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4.7. BeiBOABI

4.7.1. IlpumMeHeHue aHOMAaJIbHBIX CBOMCTB MeTaMaTepuajaoB Ipu
KOHCTPYMPOBAaHUU AHTEHH Aa€T BO3MOXHOCTb YBEJIMYMTh KOJIUYECTBO
CTEeIeHEe| YIpaBIeHUs CTPYKTYPOM M3Jy4aeMOro aHTEHHOM 3JieKTpoMar-
HUTHOTO TOJIsI, U TEM CaMbIM 00€CIIeYnTh Pa3paboTKy pagrMOTeXHUYECKUX
CHCTEM C YJIyYIIEHHBIMU XapaKTePUCTUKAMMU.

4.7.2. AHOMaNbHbIE CBOMCTBA MeTaMaTepraioB OOYCIOBIICHBI:

— NIEPUOINYHOCTBIO BHYTPEHHE! CTPYKTYPhI 3aIIOJTHEHMS AU3JICKTPUKA;

— OpraHM3allieii Pe30HAHCHBIX SIBJICHUM B slUYEUMKaX CTPYKTYPHI, IT0O-
3BOJISIIONIMX YIPABISITh aMIUIMTyIaMU TTOBEPXHOCTHBIX W/WIW 3aTyXalo-
IIUX (3BAHCLIEHTHBIX) BOJIH;

— MPaBWIBHBIM MOA0OPOM ITapaMeTPOB CJIOEB MOKPHITUS (TOIIIMHBI
CI0€B, 2JIEKTPUYECKUX TIapaMeTPOB MAaTepUaoOB CJIOEB, KOJIMYECTBOM
CJIOEB U MOCEI0BATEIbHOCTBIO UX PACTIONOXKEHMUST).

4.7.3. OCHOBHOI CJIOXHOCTbIO, CACPXKMBaIOIIeil MpUMEHEHUEe MeTa-
MaTepuayioB B aHTEHHOI TEXHUKE, SIBJISIETCS HEOOXOIMMOCTD ITPOBEACHUS
AHAJIMTUYCCKUX MCCIICAOBAHUI TP HAXOXIECHUU YCIOBUI BO3OYXIECHUS
TOBEPXHOCTHBIX BOJIH U UX aMIUIATY], a TAKXKE CYLIECTBEHHbIE BLIYUCIIU-
TeJIbHBIC 3aTpaThl TP MOJCIMPOBAHUMN CBOMCTB MHOTOCJIOMHBIX TTOKPHI-
THI U3 MeTaMaTepHajoB.

4.7.4. IlpuMeHeHUEe MMIIEAAaHCHOTO IOAXOJa IpU IMPOEKTUPOBAHUU
aHTEHH C MCII0JIb30BaHWEM MeTaMaTepUajioB

— o0OecreyrBaeT COKpPAIEHUE BBIYMCIUTEIbHBIX 3aTpaT MpH OTCYT-
CTBUM HEOOXOOMMOCTHM 3HaHMS MH(OpPMALMU O CTPYKTYpe 3JIeKTpoMar-
HUTHOTO TOJISI BHYTPHU ITOKPBITUS 13 MM;

— pacIImpsieT KOJIMYECTBO UCCIEAYEMbIX BADMAHTOB ITOKPHITHIA.

4.7.5. AHanu3 pe3ysbTaTOB ITIPOBENEHHBIX MCCAESOOBAHUN BIUSIHUS
MOKPBITUI U3 METaMaTEePUaJIOB Ha XapaKTePUCTUKU aHTEHHBI ITOKa3aJl:

— NPUMEHEHNE B MOKPHITUM MaTepUaIOB C ITOKa3aTeJIeM MpeIoMIIe-
HUSI MEHBIIIMM ¢IMHUIIBI TTO3BOJISIET B YACTOTHOM ITHMAara30oHe YIIPaBJIsATh
(opMoii mrarpaMMbl HaIllpaBJICHHOCTU 3JIEMEHTAPHOI'O M3JIydaTelisl, W3-
MEHSIS IIMPUHY TJIaBHOTO JIEITeCTKa, er0 OPUEHTALIMIO, a KOJUYECTBO JIe-
MEeCTKOB IUarpaMMbl HaIpaBJIeHHOCTH;

— MPUMEHEHNE TIOKPBITUI M3 MeTaMaTepualoB CMEIIIAHHOTO TUIIA, BbI-
MOJIHEHHBIX U3 COIPSDKEHHBIX CIOEB, MAa€T BO3MOXKHOCTb pa3pabaThiBaTh
HM3KOMPOGhUIbHbIE KOHCTPYKIIMM aHTEHH, YMEHBIIas MpeaebHOe yaajie-
HUe usnyyareieit or akpaHoB ¢ A/A = 0,25 no A/A = 0,1 Tipu coxpaHeHUU
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MaKCUMAJIBHOTO 3HAYEHUSI aKTWUBHOU COCTaBJISIONIEN BXOMHOTO COMpPO-
TUBJICHUS U OJIM3KOTO K HYJIIO 3HAYEHUS PEaKTUBHOU COCTABIISIONICH.

4.7.6. BBITIOJTHEHHBIE WCCIEIOBAHUS BIUSIHUSA 3JICKTPUUYSCKUX Tia-
paMETPOB MeTaMaTepuajaoB Ha TPAEKTOPUIO PACIPOCTpaHEHUS TLIOCKOM
3JIEKTPOMATHUTHOM BOJIHBI B MHOTOCJIOMHBIX TOKPBITUSIX TOKA3AJIU:

— B cyosix 13 MM DPS HaripaBnieHye Jiyda He U3MEHSIET CBOIO «ITPaBU3HY»;

— B cosix u3 DNG HampaBjieHUe Jiyda TIpY BXOJE W3 CPEdbl C «IIpa-
BU3HOI» U3MEHSIETCS Ha MPOTUBOIMOJIOXHOE, T.€. CTAHOBUTCS «JIEBBIM»,
YTO COOTBETCTBYET IOJOXEHUSIM Teopun Becenaro;

— 151 cnoéB SNG n3MeHeHNne «IIpaBU3HBI» Ha «JICBU3HY» 3aBUCUT OT
COYETAHUS TMOJSIPU3ALMA MAJalolleil BOJTHBI U TTapaMeTpaMUu MaTtepuana
cios. Tak, mpu mageHuu BoJHBI T M-Tionsipu3aliui U3MEHEHUE HarpaB-
JIeHWsT HaOIoJaIoTCsI, HaunHast co cioeB ENG, pu maleHUU BOJIHBI TO-
PU30HTAJIBHON MOISIpU3allii, HAa000pOT, HAUMHasI co CIoéB MNG.
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5. BbIbOP ITAPAMETPOB KOHCTPYKII N
OIITUYECKUX 'OAOTPA®UYECKUX
IMPEOBPA3OBATEAEN ONITUYECKNX CUCTEM
OBPABOTKIN MH®OPMALINN

Ilpoieynos A.I, Ilpvieynoe A.A., Illoxosa I0.A.

AnHorammsa — WcciienoBaHO BIMSIHME B3aMMHOTO TTPOCTPAHCTBEHHO-
IO PacIoJIOXKEHMSI KOHCTPYKTUBHBIX 3JIEMEHTOB B cXeMaX ToJiorpaduuecKux
npeobpa3oBaresieii Ha TapaMeTpbl GopMUpyeMOil MHTepdheporpaMMBbl, TMO-
Ka3aHbl OrpaHWYCHUS Ha TPOCTPAHCTBEHHOE pa3MeIeHUE ITUX 3JIEMEHTOB.
BbiBeeHbl COOTHOIIIEHUSI TSI HACTPOMKU M KaauOpPOBKU rosorpacduiyeckux
npeobpazoBareneii. [lokazaHo, 4To roiorpadgpudeckre Ipeodpa3oBaTe 0oe-
CIIEYMBAIOT BHICOKYIO UyBCTBUTEIBLHOCTD K CJIa0bIM M3MEHEHUsIM HaOera a3bl
BOCCTaHABJIMBAIOIIIETO MCTOYHMKA CBETa, a TapaMeTpbl MHTepdeporpaMMbl
c1ab0 3aBUCAT OT MUKPOCMEILEHUN 3TaJOHHOW TOJOTpaMMbl, BbI3BaHHBIX
BHEITHUMU BO3IENUCTBUSIMU. BBISIBIEHBI 3aKOHOMEPHOCTH TTPOCTPAHCTBEHHOTO
CIEKTpa 4acTOT MHTepdeporpaMmMbl, OpMUPYEMOi ToorpadpIecKuM UHTEP-
dbepomerpom. IMokazaHbl OCOOEHHOCTU MOCTPOEHUSI ONTUYECKUX CXEM TOJIo-
rpadnyecKrX KOHCTPYKTUBHBIX 2JIEMEHTOB ONTUUECKHX TTpeodpa3oBaTeieit.

Kniouesbie ciioBa — rosnorpacduyeckuii nmpeodpasonareib, rojorpapuye-
cKasi MHTepGhepOMeTpHsi, MPOCTPAHCTBEHHO-CIIEKTPaIbHBIA MeTom, (Gypbe-
rojiorpaMMa, MaKCUMyM WMHTEHCHUBHOCTH OINTHYECKOTO TIOJSA, MapaMeTphl
nHTEpGEPOrpaMMbl, IMPUHA MHTEPMEPEHLUMOHHBIX IIOJOC, YCTOMYMBOCTD
K BUOpauuu.

5. DESIGN PARAMETER SELECTION FOR OPTICAL
HOLOGRAPHIC CONVERTERS IN OPTICAL DATA
PROCESSING SYSTEMS

Prygunov A.G., Prygunov A.A., Shokova Yu.A.

Abstract — The influence of mutual spatial arrangement of structural ele-
ments on the parameters of formed interference pattern is examined for holo-
graphic converter circuits. The parameter analysis is given. The constraints on
spatial arrangement of the elements are shown. The correlations are deduced
to simplify the process of holographic converters tuning and calibration. It is
shown that holographic transformers provide high sensitivity to small phase
shift changes of the reconstructing light source. The interference pattern pa-
rameters show small dependence on micro movements of the reference holo-
gram caused by external influences. The regularities of the spatial frequency
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spectrum of the interference pattern formed by the holographic interferometer
are revealed. The construction peculiarities of optical circuits in holographic
structural elements of optical converters are shown.

Keywords — holographic converter, holographic interferometry, spatial
spectral method, Fourier hologram, intensity maximum of the optical field, in-
terference pattern parameters, interference bandwidth, vibration resistance.

5.1. O0aacTy IPaKTUIECKOTO MCIIOAb30OBaHMSI CHCTEM
ONITUYIECKON 00pabOTKM MHPOpMaLIANI

5.1.1. Emg onHuMM U3 HallpaBJIeHUI, 00eCcreunBaOIIM pa3BUTHE UH-
HOBAIITMOHHOM MOJIEIM 9KOHOMMKHM U TIEPEeXO Ha IIeCTOM YpOBEHb TEXHO-
JIOTMYECKOTO YKJIaaa, SIBJIIeTCs, KaK IOKa3aHO B pasnene 1, mpuMeHeHMe
OIITO3JIEKTPOHUKM B KAayeCTBE HOBOTO «sApa» MH(POPMALMOHHBIX TEXHO-
soruii. ITpu 3ToM pacimpeHre BO3MOXHOCTEH paguoOTEXHUYECKUX CUCTEM
MOXKET OBITh 00ECIIeYeHO MyTEM MCIIOJIb30BAHUS B HUX ONTUYECKUX CUCTEM
00paboTKM MHGMOPMALIUM, SIBJISIOIIMXCSI COCTABHOM YacCThlI0 KOMILIEKCHOM
OIITO3JIEKTPOHHOI CHCTeMBbI 00Pa0OTKM MHMOPMALIMK WIX BHICOKOIIPOM3-
BOIUTEIBHOIO YCTPOMCTBA, BKIIOUAIOIIMX KaK 3JIEKTPOHHBIC, TaK M ONTH-
Yyeckre KOMITOHEeHTHI [5.1, 5.2]. O6macTsaMM MpaKTUYECKOIro MCIIOJb30Ba-
HUSI CUCTEM OINTUYECKOM 00paboTKM MHGpOpMALIMU SIBISIOTCS [5.3]:

— YCTPOMCTBA BBIAEJICHUs CIA0BIX CHUTHAJIOB Ha (OHE MACCUBHBIX
U aKTUBHBIX TIOMEX;

— PaIvOJOKALIMOHHbBIE CTAHLIMU C CUHTE3UPOBAHHON allepTypoOi;

— MOOWJIBHBIE CUCTEMBI pacIio3HaBaHUS U 00paOOTKU M300PaXKEHU;

— OOPTOBBIE CUCTEMBI OPMEHTALIMM U HABEACHMSI B BOGHHOM TEXHUKE;

— BBICOKOIIPOU3BOIUTEIbLHBIC BHIYMCIUTEIbHBIC MAIIIMHBI,

— METPOJIOTHUS;

— poOOTOTEXHUKA;

— HepaspyLIaoLINii KOHTPOIIb.

B HacTosIee BpeMs pacIIMpsIIOTCsS 00JacT MPUMEHEHUSI OITH-
KO2JIEKTPOHHBIX METOAOB U CPeACTB ((DOTOHUKM) B aHTEHHOM TEXHUKE
JIJISI CBEPXIIMPOKOIIOJOCHON 1 CBEPXIIMPOKOUMITYJILCHOM paanoIoKa-
uu [5.4]. [IpuuéM ucnonab3oBaHrue GOTOHUKM paguKaabHBIM 00pa3oM
U3MEHSIET He TOJIbKO apXUTEKTYpy pagapoB, HO M MPUHIIMIIBI ITOCTPOEC-
HUS MX OCHOBHBIX (DYHKIIMOHAJIBHBIX YCTPOMCTB U 9JIEMEHTOB.

ONTo3JIeKTPOHHBIE METOIAbI M CPEACTBA B aHTEHHON TEXHUKE IpPU-
MEHSIOTCS I (OPMUPOBAHUS OUarpaMMbl HaIpaBJICHHOCTH U €€ a3u-
MYTaJIbHO-YIJIOMECTHOIO CKaHMPOBAHMS B peXKUME peaJbHOro MaciiTada
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BpeMeHU [5.4]. @opMupoBaHUe W yIIpaBJIeHUE TUAarpaMMOl HarpaBlieH-
HOCTU MPU 3TOM OCYILIECTBISETCS C TOMOIIBIO OBICTPONEUCTBYIOIIUX (PO-
TORJIEKTPOHHBIX KOHTPOJIIEPOB. B KauecTBe X JOCTOMHCTB HEOOXOIUMO
OTMETUTh YHUDUKAINIO (DYHKIIMOHAIBHBIX y3JI0OB U BO3MOXHOCTb MPHU-
MEHEHUS WHTETPATIbHO-ONTUYECKUX TEXHOJIOTUIA I U3TOTOBJIICHUS Ma-
TPUI TTOJTYITPOBOJAHUKOBBIX JIA3€POB, JIEKTPOONTUUECKUX MOIYISTOPOB,
boTtonpuéMHUKOB, (hazoBpalaTesneil, a TakXe WHTETPaJbHBIX COOPOK
IIUPOKOIIOJIOCHBIX MUKPOBOJIHOBBIX ycunuteneil. B padore [5.4] Taxcke
OTMEYAeTCs, YTO CHeUMaTbHbIE (DOTORIEKTPOHHBIE KOHTPOJUIEPHI MO-
3BOJISIIOT CUHTE3UPOBATh B PEAIbHOM MacluTade BpeMEHU HEOoOXOqUMBbIe
BOJIHOBBIE (DOPMBI U3JTy4aeMbIX UMITYJIbCHBIX CUTHAJIOB, KOTOPBIE COTia-
COBaHbI C TPUEMHON U Mepenamlleil aHTEeHHAMU. DTO UCKIII0YAeT MPOsiB-
JIECHUE aHTEHHOW TUCTOPCUU, T.€. TUCTIEPCUOHHOTO PACIITUPEHUS UMITYJIb-
ca. KpoMme TOro, UCnoib30BaHME UHTETPATBHO-ONTUYECKUX TEXHOJOTUN
MpU MPOU3BOACTBE OCHOBHBIX (DYHKIIMOHATIBHBIX Y3JI0B 00ECIIeYMBACTCS
HaIEXHOCTh pabOTHI BCeli CUCTEMBI B LieJoM. DbdheKT hOTOMHIYIUPO-
BAaHHOTO MMKPOBOJHOBOTO W3JIyYEHUS, CO3MaBa€MOro CHelIUATbHBIMU
JIETUPOBAHHBIMHU TUIEHKAMU MTPU UX 00JTyYEHU U MOIIHBIMU ONTUYECKUMU
VMITYJIbCAMU, MOXET OBbITh MCMOJIb30BAaH MPU MOCTPOSHUU Majioradapur-
HOTO 00JTyJaTesis 3epKaJbHbIX AaHTEHH.

Cpeny OCHOBHBIX TOCTOMHCTB CHUCTEM ONTUYECKON OOpabOTKU WH-
(bopmanru BBIAEISIOT OOJBIILYI0 UH(POPMALMOHHYIO EMKOCTh, MHOTOKa-
HaJIbHOCTb, BBICOKOE OBICTPOIEICTBHE, MHOTO(YHKIIMOHATBHOCTb.

5.1.2. O6mas cTpyKTypHas cXxeMa ONTUYECKUX CUCTEM 00pabOTKU UH-
dopmanuu nmpuBeneHa Ha puc. 5.1 u3 [5.3]. B 3aBucumMocTtu ot TMNA UcC-
TOYHUKA CBETA ONTUYECKUE CUCTEMbI 00pabOTKU MH(pOPMALIMU MOIpa3-
JENISIIOTCST HAa CUCTEMBI C TIPUMEHEHUEM HEKOT€PEHTHBIX (CBETOMWOIBI,
JIaMITbl HAKAJIMBAHUS, ra30pa3psiiHble ICTOYHUKW) U KOTePEHTHBIX (J1a3e-
PbI) UICTOYHUKOB CBETA.

CrnemyeT OTMETUTb, YTO B MOCJEAHEE BPEeMsSI KOTePEHTHBIE ONTUYE-
CKH€ METOJbI MPUOOPENU IIMPOKOE PACITPOCTPAHEHUE. DTO OOYCIOBIIE-
HO HECKOJIbKUMU MPUYMHAMU. Bo-TIepBbIX, TOJOTPAMMBI, UCITOTIb3YEMbIE
B KaQUeCTBE UCTOYHUKA UH(POPMALINKU B JAHHBIX CUCTEMAaX, 00JaaloT UH-
(opMallMOHHOU €MKOCTBIO, U3OBITOYHOCTHIO U TTOMEXOYCTOMYMBOCTHIO.
Bo-BTOpBIX, TONOrpadus MO3BOJISIET CO30aBaTh HOBBIE TUIBI ONTUYECKUAX
3JIEMEHTOB U CUCTEM, UMEIOIINX Takue (PYHKIMOHAIbHBIE XapaKTepu-
CTUKHW, KOTOpbIE TPYAHO, a B PsIIE CIy4aeB U HEBO3MOXHO, peaanu30BaTh
C TOMOIIBIO TpaAIULIMOHHOM onTukU. K HUM oTHOCcsTCA [5.3]: ronorpadu-
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yeckue MUMpPaKIMOHHBIE PEIIeTKU, OTIWYAIOIINECST OT OOBIYHBIX OoJee
HU3KUM YPOBHEM CBETOpACCEsTHMS, TOJIOTPaMMHbBIE JIMH3bI, 00Iafatonime
“300paXaoIMMU CBOMCTBAMU OECKOHEYHO TOHKUX JIMH30BBIX KOMIIO-
HEHTOB, CHEKTPAJIbHO-CEJIEKTUBHBIE BJEMEHTBHI IS TPOEIUPOBAHUS
nHbOpMaIIUK B TI0JIe 3peHUs orepaTopa, (hopMUPOBATETN TOYHBIX BOJI-
HOBBIX (DPOHTOB, 3epKajia TEJIEeCKOMOB, HECYIIUe Ha CBOEH MOBEPXHOCTHU
TOJIOTPAaMMHYIO CTPYKTYpY M O0JIafaoliue 3a cYeT 3TOro nByms 3ddex-
TUBHBIMU LIEHTPAMU KPUBU3HBI U T.II.

. /
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SR E R
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e
™
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Puc. 5.1. O61iast cTpykTypHasi cxemMa ONTUYECKHUX CUCTEM
00paboTKM MH(MOPMALINN:
1 — MUCTOYHUK CBeTa; 2 — UCTOUYHUK MHMOpMaLIUK;
3 — ycTpoiicTBO BBOJAA MH(POPMAIIUN; 4 — ONITUYECKUI TTPOIIECCOP;
5 — YCTpOMCTBO MaMsATH; 6 — YCTPOMCTBO BBIBOA MH(MOPMALINN;
7 — KOMIIBIOTEP; 8 — YCTPOICTBO OTOOpaKeHUS MH(MOPMALIU

5.1.3. B kayecTBe 37€MEHTOB ONTUYECKUX WH(POPMALMOHHBIX CH-
CTEM MOTYT IPUMEHSTBLCSI CTaTMYECKUE MPOITyCKaloIIue PEIETKY, Ipe-
obpasylolye usjydeHue B pexxume audpaxkiauu bparra [5.3, 5.4]. Takue
IUGbPaKIIMOHHBIE PElIETKM M3rOoTaBIMBAIOTCS METOoIaMu Trojorpaduu
B Pa3IMYHBIX PETUCTPUPYIOIIUX cpelax (rajougocepedpsiHbie (HoTod-
MyJabcuU, GoTonoanumepsl, ¢GoTopedpakTUBHBIE KPUCTALIbI, (DOTOXPOM-
Hble MaTepuaibl U 1p.) [5.5—5.15]. TonorpamMmMHbie OUIBTPHI U MPEOO-
pa3oBaTeM CJIOXHBIX CBETOBBIX BOJH M3TOTaBJIMBAIOTCS Ha OCHOBE Kak
IUIOCKMX, TaK M OOBEMHBIX MPOITYCKAIOIMUX AMMDPAKIIMOHHBIX PEIIETOK
(boxkycupytolye rojorpaMMHbIE ONITUYECKUE 3JIEMEHTHhI, CIIEKTpabHbIE
U TIOJIIPM3aLIMOHHBIC CBETONCIMTEIIN, MYJIBTUILICKCOPHI 1 1p.). I1pu muH-
TepdepeHIIMU PaCIIPOCTPAHSIONIMXCS HAaBCTPeUy IPYT OPYTy KOTepeHT-
HBIX CBETOBBIX BOJIH OAMHAKOBOI 4aCTOTHI B 00JIACTU HAJIOXEHUS ITyYKOB
obpasyercsi 00bEMHasT MHTephEpPEeHLUMOHHAs KapTUHA, KOTOpasi MOXET
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OBITh 3apPETUCTPUPOBAHA, HATIPUMEP, B PE3YJbTATE IKCIIO3ULIUU OOBEM-
HoM oToamyabcuu. [Tpu xummuyeckoit 06paboTke U OTOEIMBAHUU TAKOTO
(oTtomaTepuana usroraBnuBaeTcs (Pa3oBbI ONTUYECKUI TpPaHCIAPAHT-
rojiorpamMma, MpUMEHSIEeMbIA U1 3aJaHHOTO MTPeodpa30BaHusl CTPYKTYPhI
(dbopMbI BOJTHOBOTO (DpOHTA) CBETOBOU BOJIHBI.

JIS OCYILIECTBIEHUS] ONTUYECKOW MPOCTPAHCTBEHHOU (DriibTpauuu mo-
CTYIMAEMbIX CUTHAIOB MOXET ObITh MCMOJNB30BaHa MPOCTPAHCTBEHHAS (DUTb-
Tpaums. [lpy 3TOoM OHa 6azuMpyeTcs Ha WCIOJB30BAHUM PA3IAYHBIX aM-
TUTUTYIHBIX, (DAa30BbIX WIM aMIUIUTYIHO-(A30BbIX ONTUYECKUX (DUIIBTPOB
(cBeTopUITBTPOB, (PA30BBIX MTACTUHOK, AuadparM, roJorpaMM U 1Ip.), pa3me-
1IaeMbIX B 00JIACTH JIOKATA3ALIMU (Pyphe-CIIEeKTpa MepeaBaeMoro Yepes3 OnTh-
YECKYIO CUCTeMY M300pakeHUs. B pesynbrate IByMepHbIi (pypbe-CreKTp me-
peIaBaeMbIX CUTHAIOB U3MEHSIETCS 3aIaHHBIM 00pa3oM, YTO U 00yCIaBIMBaET
TpedyeMoe u3MeHeHUe (DOPMbI CUTHAIOB Ha BBIXOJIE ONITUYECKON CUCTEMBI.

" REY L@
P B P A P

18

f //\H x=£

f f f f

I | ¥a=1

AT EEETTEREES

Toan

Puc. 5.2. Cxema onTuuecKoii MpOCTPaHCTBEHHOU (DUIBTPAINN

IIpocreitmuii MpocTpaHCTBEHHBINM (UILTP MAJIs1 00pabOTKM N300paxke-
HUM COAEPXUT ABE JIMH3BI C COBMEIIEHHON 3aaHei (U151 TIepBOii JIMH3BI)
U TiepeaHel (IJ1 BTOpoii TMH3bI) (POKaJbHBIMU ILIOCKOCTSIMU, U (DUIBTP-
TPAHCIAPaHT, PACIIOJOXEHHBINA B INIOCKOCTU COBMEINEHUA P,, KaK ToKa-
3aHO Ha puc. 5.2 u3 [5.3]. OcobeHHOCThIO (PYHKILMOHUPOBAHUS JaHHOI
CHUCTEMBI SIBJISIETCSI BOIIPOC MPOCTPAHCTBEHHOIO PACIIOIOXEHUS TJI0CKO-
CTU (OTOUYYBCTBUTEJIbHBIX 3JIEMEHTOB OTHOCHUTEIbHO ONTUYECKUX Oceit
MHTepDEepUPYIOIINX KOT€PEHTHBIX CBETOBBIX ITOTOKOB, HAllpaBIEHUS KO-
TOPBIX MOTYT UBMEHMThHCS B ITpoLiecce (PYHKIIMOHUPOBAHUS WM HACTPOIi-
KM nipeobpasonarend [5.8—5.15].
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HeobxoquMbIMu YCJIOBUSIMU TTPAKTUYECKOTO UCITOIB30BAHUS METOIA
rojorpadpuueckoil MHTephEepOMETPUN I PEUIEHUsl 3amayn obecrieve-
HUS BBICOKHX XapaKTEPUCTUK SIBJISIETCS UCCIENOBAHUE BIWSHUSI B3aUM-
HOTO MPOCTPAHCTBEHHOTO PACIOJIOXEHUS OTAEIbHBIX KOHCTPYKTMBHBIX
5JIEMEHTOB B ONTUYECKUX CXeMax MpeoOpa3zoBaresyiell Ha mapaMeTphbl UH-
Tepdeporpammsl, popmupyeMoii rojgorpaduyeckum UHTEPHEPOMETPOM,
U JeTAJbHBIA aHAJIU3 3TUX TapaMeTPOB.

5.2. O11eHKa BAMSHNSA KOHCTPYKIIMN TOA0TpadpmIecKOro
npeoOpasoBaTeast Ha XxapakTep ¢GoOpMUpyeMOI
uHTepdeporpaMMbl

5.2.1. Kak otMeuanoch B 1. 5.1, Mpu TOCTpOEHUM HHTepPepeHIIN-
OHHO-ToJIorpapuyeckux Ipeobdpa3oBaTe/iell ONTHUYECKOTO H3JIyYeHUS
CYLLIECTBEHHBIM SIBJISIETCS BOIIPOC IMPOCTPAHCTBEHHOI'O PACIIOJIOXKEHUS
IJIOCKOCTU (hOTOYYBCTBUTEIbHBIX 3JIEMEHTOB OTHOCUTEJBHO ONTHUYECKUX
oceil MHTep(EepUPYIOIINX KOTePEHTHBIX CBETOBBIX ITOTOKOB, HallpaBiie-
HUSI KOTOPBIX MOTYT U3MEHUTHCS B Ipoliecce (PYyHKIMOHUPOBAHUST WU
HACTPOIKM Mpeodpa3oBaTeisi. DTO HaKJIAAbIBAET OIpeaeI€HHbIC OrpaHu-
YeHUsI Ha MPOCTPAaHCTBEHHOE pa3MeEIleHNE U FeOMETPUYECKUEe pa3Mephbl
cucTeMbl (POTONMPUEMHUKOB, PETMCTPUPYIOIIMX B IUHAMUKE XapakTep
3TUX U3MEHEHUMN.

Ipouecc popMupoBaHUs MAKCUMYyMa MHTEHCUBHOCTHU PE3YJIBTUPYIO-
ILIETO ONTUYECKOTO 1015 B TPOM3BOJIbHOM TOUKe M (X, V), Z,) NEKAPTOBOMA
cucreme KoopauHar Oxyz AByMsi KOTCPEHTHBIMM Pa3sHOHAIPABICHHBIMU
CBETOBBIMM TIOTOKAMHM, XapaKTepPU3YeMbIMU BOTHOBBIMM BEKTOPaMU ki
k2, wmocTpupyercst Ha puc. 5.3. 3aech MCIOJIB30BaHbI CIeaylole 060-
3HaueHus: o — paamyc-BeKTOp TOYKM M; ¢,, ¢, — YIJIbI MEXIy paamyc-

BEKTOPOM 70 U BOJTHOBBIMU BEKTOPAMU kiw ks COOTBETCTBEHHO; o, B, 7,
(n=0, 1, 2) — yrJIbl COOTBETCTBYIOIIMX HAMPABIISIONINX KOCUHYCOB paau-
yC-BEKTOpPA Y BOJTHOBBIX BEKTOPOB C OCSIMM CUCTEMBI KOOPIMHAT.

3agaya opmyaupyerca cneayommm obpasom. Ilycts B Touke M,
pa3MeIIeHHOM B IIOCKOCTH M300pakKeHUs, MHTep(MEepupyoT OBa KOre-
PEHTHBIX CBETOBBIX ITOTOKA C JUTMHOM BOJIHBI A, KaK ITOKa3aHo B [5.14]:

E (t)=E, (t)cos[wyt —(k,x+my+nz); .1
E,(t) = E,(¢t)cos[o,t — (k,x+m,y +n,z)]; 5.2)
kK +m!+n’ =k +m; +n, =k, =Q2n/L) (5.3)
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Puc. 5.3. [eomerpust 3anauu popMUPOBAHUST MAKCUMYMa aMIUTATYIbI
ONTUYECKOTO MOJIS B IIIOCKOCTU MHTepdepeHIINI

BonHoBbIe 4MClIa IJIOCKMX BOJH M KOODAMHATBHI paanyC-BEKTOPOB
MPY 3TOM TIpeacTaBisiores B Buae [5.14, 5.16]:

k, =kycosa; m =k,cosP,; n =k,cosvy; 5.4)
ky, =kycosay m, =k,cosPy n, =k,cosy,; (5.5)
|7’0 COS Ot |Z|cos By z= |a|cos Yo (5.6)

—l_ [.2 2 2
|r0|— Xy +Yy +2zq-

TpebyeTcs oIpenenTh MONIOXKEHNE NCTOYHUKOB CBETOBBIX ITOTOKOB,
opMUpyIOMMX MAaKCUMAIIBHYI0O MHTEHCUBHOCTD PE3yILTHPYIONIETO OIS
B [IPOM3BOJIbHOM TOYKe M|, T.e. (PaKTUUECKU KOHCTPYKIIMIO Tosorpaduye-
CKOTO TIpeo0pa3oBaTeIs.

5.2.2. Iy TIOJydeHMST pellleHus TIPeACTaBUM Pe3yJIBTUPYIOIIee II0JIe
B TOUKE M0 B BUJE:

E(t)=E @)+ E,(t)=E,) (t)cos[ot —y,] + E,(t)cos[ot— y,] =

5.7
=Re(E,expl (ot —y,)]+ Ey, expli(o,t —y,)]), (5.7

B KOTOPOM

v, =kyr, cosd,; W, =k, coso,, (5.8)
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a YIJibl ¢, U ¢, HAXOIATCSA U3 COOTHOILEHUS:
cos¢, =cosa, cosa, +cosf,cos B, +cosy,cosy,, n=1,2,0<¢ <m. (5.9)

Hcnonb3ys TeopeMy KOCHUHYCOB, MpeoOpaszyeM cooTHolueHue (5.7)
IIJIST HAXOXKIEHUS MHTEHCUBHOCTH PE3YJIETUPYIOIIETO TOJIS:

I =E} +E}, —2E, E,, cos(y, — ). (5.10)

BBeném B maHHOE coOTHOIIEeHUE (Pa30BBINM CABUT B BUAE YIJa MOBO-
poTa o, IJIs KOTOPOTO CIPaBEeIIMBbI BEIPAXKEHUS:

coscz(Emcoswl+Eozcosw2)/E; (5.11a)

sincs:(Emsin\yl+Eozsin\yz)/E. (5.110)
B pesynsrare BoipackeHue (5.7) Uit pe3yTbTUPYIOIIETO TIOJIS IIPUMET BUJL:

E@)=E, @) (cosc COS W ,f +sin 6 sin ® Ot) = Ecos(cosw,t—06), (5.12)

re E =T =\|E2 + E% —2E, E,, cos(y, -,). (5.13)

Yron ¢a3oBoro caBura ¢ BO BpeMEHM pPe3YJIBTUPYIONIETro KoJeOaHus
ABJIAETCA (PYHKLMEN psifia mapaMeTpoB 6 = o(k, 1y, o, By, Y o5 By ¥)» Oy
B,, v,). PaccMoTpuMm ycnoBus, pu KOTOPHIX ¥, = ¥, = v, = 90°, 4T0 coOT-
BETCTBYET HAOMIOAEHUIO B TJTocKoCcTU x0y.

ITpeo6pasys BeipaxeHue (5.9) K Buay

cos¢, = cos(a, — ),
MoJIy4yaeM, 4To
¢, =a, —a, (5.14)

OmnpenenuMm yCIOBUSI, COOTBETCTBYIOIIME MaKCUMYyMy MHTEHCUB-
HOCTH PE3YNBTUPYIOLIETO MOJSA B TOYKe M, KOTOphI Hab/omaercs,
ecnu [5.14, 5.18, 5.19]:

v, —y, =—2k,r(cos(o, —a,) —cos(a, —0,)) =2mm, m=0,x1,£2,... (5.15)

IIpeobpasys BeipaxkeHme (5.15) B IpeAIIOIOKeHAN O MaJIBIX 3HAUCHMSIX
YIJIOB @, 0, HECJIOKHO TIOJIYYUTD BbIPaKEHUE TSI HAIIPaBICHUS MaKCUMY-
Ma MHTEHCUBHOCTH OIITHYECKOTO TIOJISI «HYJIEBOTO» TIOPSIIKA B TOYKE M,

(o, o), + 0, —20,) =M. (5.16)

Ty
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Ananu3 cootHoleHus (5.16) mokasbIBaeT, 4To

— IpU 33JaHHBIX YCJIOBUSIX HaMpaBJIeHUE MaKCUMyMa WHTEHCUBHO-
CTH ONTHUYECKOTO TMOJISI «HYJIEBOTO» MOpPsiAKa B TOYKe M TMHEHHO OTHO-
CHTEJILHO YIJIOB 0, U 0,, & TAPAMETP Am/r, IPUHUMAET MAJIble 3HAYEHMSI;

— B CJly4yae BBIMTOJHEHHS YCIOBHUA o, = a,; o, = 0,5(a;, +a,) (m=0)
Tpu yriie o, _, OyneT HaGIoaaThes MaKCUMYM HYJIEBOTO TTOPSIKA.

IMonyyeHHBIN pe3yJabTaT CYIIECTBEHHO YIPOIIAET MPOLECC HACTPONKHU
ONTHUYECKOTo Tosiorpaduyeckoro mnpeodpasoBaress Mo (HOpMUPOBAHUIO
MaKCUMyMa WHTEHCUBHOCTHU «HYJIEBOTO» TTOPSIIKA PE3YJIBTUPYIOIIETO OIl-
THYECKOTO TIOJIS B TpeOyeMoi Touke M, MI0CKOCTH (hOTONPUEMHHMKA.

5.2.3. YTouHUM 0061aCTh IPUMEHEHUS MOJTyYEeHHBIX pe3ynbratoB. [Tpu
3TOM MPEANOI0XMM, YTO BEKTOpA k11 k2, a TaKKe pacueTHas Touka M, ne-
Xar B crienmanbHoii miockoctu x,0 y, (v = 0), Kak 1mokasaHo Ha puc. 5.4.

4

20

Puc. 5.4. TeomeTpust 3amaunt yTOUHEHUS TTOJIOXKEHMSI MAKCUMYMOB
KoopnuHaThel fTaHHBIX BEKTOPOB OyayT OMPeNeasaThCs MPOEKIIUSIMMU:
ki = {k, cos 0,0, k,sina, J; k2 = {k, cos 0,0, —k,sin o, };
ro = {r, cos 0,07, sina, )
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Hcnonb3ys cootHomeHue (5.9), Beipaxenue (5.14) MOXeT OBITh Tpe-
00pa30BaHO K BUIY:

¢, =a,—a; ¢,=a, Ta. (5.17)
IMoacTaBnsis moaydeHHbIE BhIpaxkeHUs! B COOTHOLIEHUS (5.8), momydyaem:
v, =k, 1 cos(o, —0,); W, =k, cos(a, +a,). (5.18)

ITpu 3ToM pesyabTupylomee moje u3 (5.13) mpeodpasyercs K BULY:

E =1 = \[EL + E}, + 2E, E,, cos (2kyr; sina,sin a.). (5.19)

BrITIoTHeHHBINM aHAIN3 MTOJYYSHHBIX COOTHOIICHW MOKa3ajl, 9To Ha
KapTUHY MHTepPepeHIINN IIPH PaCCMOTPEHUHN €€ B CICHMAIBHON CHCTE-
M€ KOOPIMHAT BIMSIOT Cleayloiue napamerpel: £ /K, k., o, o,. [Ipu
5TOM MaKCHMaJIbHbIC 3HAYCHUSI MHTCHCUBHOCTU PE3YILTHPYIOLIETO OIS
JIOJKHEI YIOBJIETBOPSTH YCIOBUSIM:

o, =0,
a, =0, (5.20)
kyr, =0.

B maHHOM COOTHOIIEHUM IIepBOE YCIOBME COOTBETCTBYET HaIpaB-
JIEHUIO Ha TOYKY M M COBMamaeT ¢ GMCCEKTPUCOi yriia, 00pa3s0BaHHOIO

I

BEeKTOpaMu k, 1 k, . Pe3ynbTupyioliee rmojie MaKCMMaIbHO, €N
Y, — vy, = 2mm.
C y4€TOM 3TOro BbIPaXXEHMSI MOXHO 3aIH1CaTh:
sina, =mk,/(rsina) =1, (5.21)

rae n, =mn, (m, A/r,, o) — 6e3pa3MepHbIi MapameTp.

Ananu3z cootHoureHus (5.21) nmokasai, uyro npu 0 <n <1 Makcumy-
MBI UHTEHCUBHOCTU ONTUYECKOTO T0JIsSI HAOJIOAAI0TCS B IJIOCKOCTH MH-
TepdepeHILIN IO/ YIIaMu

a,(m,\, /1, o) =arcsinm, (m, A,/ r,,q,). (5.22)

YauteiBast BeipaxkeHus (5.21) u (5.22), MOXHO cKa3aTb, YTO, €CIHU
n,, > 1, To He cylIecTBYeT NEACTBUTENBHBIX YIJIOB @), O KOTOPBIMU OYIyT
(opMMpOBaTLCSI MAKCUMYMBI MHTepGeporpaMMbl. Takum obpa3oM, 3Ha-
YEHME MapamMeTpa 1), ONPENENIAETCS PABEHCTBOM 1| = 1, YTO COOTBETCTBY-
er yry o, = 90°. Heo6xomnmo oTMeTuTh, 4To B ciydae 0 <n <1 yrisl o,
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1o KOTOPBIMU B TUTOCKOCTU MHTepdepeHInn OyayT HabIoaaThcss MaK-
CUMYMBI, ABJIAIOTC OCTPbIMU. Ipu n << 1 yroni o, HaXoAMTCA B UHTEP-
Bajie 0 < a, <90°, a yroy o, sBJISAETCA MAJIBIM OCTPHIM YIJTIOM:

o, & mh, /(r, sina,). (5.23)

Bripaxxenue (5.23) mo3BosIsieT HAXOAUTh 3aKOH YePeJOBaHUS MAaKCUMY-
MOB PE3YJIBTUPYIOLIETO TIOJIs IS KOHKPETHBIX 3HAYEHMI yra 20, MEXIY
BeKTOpamMu k1 1 k2. Ipu Manbix yrax o, BolpaxeHue (5.23) IpUHUMAET BUL

(5.24)
750
W3 anpamm3za cootHomeHu (5.23) u (5.24) ciaemyert, 4TO MEXKAY yIIaMu
0, ¥ 0, CYIECTBYET HEJIMHENHAS 3aBUCUMOCTb.

5.3. BamsaHue mapaMeTpos MHTep¢epOorpaMMbl
Ha PeKOHCTPYKIIMIO TOA0Tpa(dprdecKOro n300pakeHnst

5.3.1. PaccmoTpuM mpoliecc 3KCIMOHMPOBAHMS 3TAJIOHHON ToJIorpam-
MBI IIPY MCIIOJb30BAaHMHU B IIPOCTPAHCTBEHHO-CIIEKTPAaIbHOM METOMIE Io-
Jorpacuyeckoir uHTepdepomerpun [5.19—5.23] omopHOro M CUTHaJIb-
HOTO IOTOKOB C IUIOCKMMU BOJHOBBIMU (PPOHTAMU MPU UX BCTPEYHOM
HaIlpaBJIeHUU PacIpOCTPaHEHHUs, a TaKXe IPOILIECChl PEKOHCTPYKIIMU
n300paxeHus1 U (popMupoBaHUsl MHTepdeporpaMmbl. s peKOHCTPYK-
LIMU ToJIorpachrIecKoro M300paXkeHUsl UCIOJb3yeM OIIOPHBIM CBETOBOM
MOTOK C BOJIHOBBIM (PPOHTOM TOTO K€ THUIIA, UTO MCIIOJIb30BAJICS IIPU IKC-
MOHWPOBAHUM TOJIOTPAMMBI, TaK KaK IPU 3TOM OOECIIeUMBAJICS MaKCH-
MaJIbHO BBICOKOE KayeCTBO BOCCTAHOBJIIEHHOTO n300paxeHus [5.12, 5.13].

ITycTh cymiecTByeT yaaa€HHBIII MOHOXPOMATUYECKUI TOUYEUHBINA MC-
TOYHMK S|, BOJHOBOI (H)POHT KOTOporo B 30He PpayHrodepa MOXHO
cYUTaTh IT0cKUM. KOoMILIeKCHasT aMIUTUTYA OIS IUTOCKOM BOJHBI, (hop-
MHUPYeMOI TaHHBIM MCTOUHMKOM B JeKapTOBO# cucTeMe KoopauHat Oxyz
B IIPOM3BOJIBHOI TOUKe IpocTpaHcTBa M(x, y, 7), UMEET BUI:

E, = E,, exp[ik(xcos o, + ycosB, +z cosy)], (5.25)

rne k= 2n/AL — BOJHOBOE YHMCJIO CBOOOMHOIO MPOCTPAHCTBA; A — JJIMHA

BOJIHBI cBeTa. OcTallbHbIe 0003HAUYEHUS TOKa3aHbl HA puc. 5.5.
Pacnonoxus oTpaxaresb F OTHOCUTEJILHO HampaBIeHUsST paclpocTpa-

HEHMS TUIOCKOM BOJIHBI TaK, KaK MOKa3aHO Ha puc. 5.5, cpopmupyeM Tem
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CaMbIM IIIOCKYIO BOJIHY OT MHUMMOIO YILaJ'IéHHOFO HMCTOYHUKA SZ' Takas
OIITU4YCCKad cCxXxema 6YI[CT obecrneynBaTh BCTPCUYHLIC HaIlpaBJICHUA pac-
IPOCTPaHCHUA ABYX IIJTOCKMX BOJTHOBBIX (I)pOHTOB.
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Puc. 5.5. Cxema 5KCIOHUPOBAHUS 3TAJIOHHOM IOJI0rpaMMbl
BO BCTPEYHBIX CBETOBBIX MTyYKax

HanpsokeHHOCTh  37IEKTPUYECKOTO TTOJSI, CO3[1aBAEMOrO0 B TOYKE
M(x, y, z7) TPOCTPAHCTBA UCTOYHUKOM S, OTIPENETIAETCS BHIPAKEHUEM:

E, = E,, exp|ik(xcosa, + ycosB , +zcosy,) | (5.26)
[penmnooxuB, 4To IJIOCKUE BOJHBI SBJSIIOTCS MOHOXPOMATUYECKMMM

M KOTePEHTHBIMU, a TOJISIPU3ALIMS SIBJISICTCSL COHAMPaBICHHOM, MOXHO CUM-
TaTh, YTO HA IMOBEPXHOCTH roJIOrpa)MyecKoii IUIACTUHBI B O0JIACTU Iiepe-
CCUCHUST CBETOBBIX ITIOTOKOB OyIeT HaOMIOmaThesl IBICHUE MHTepdhepeHIINN
[5.12, 5.13]. PacripeneneHrie MHTEHCUBHOCTH PE3YIBTHUPYIOIIETO ONTHYECKO-
IO I0JIs B IUIOCKOCTU MHTepdepeHLIMK G OyIeT OIpene/isiThCsl BhIpAXKEHUEM:

* * * *
[ = EE, +E,E, +E,E, + E,E, . (5.27)
B cootBeTcTBUM C JaHHBIM BbIpa>XCHMUEM pacpeaciCcHNC MHTCHCUB-

HOCTH CBETOBOTO ITOTOKA B IMPOU3BOJILHOM TouKe M(x, y, 7), IpUHAIIeXKAa-
el mIockocT G, ornpenensieTcs: GOpMyIoii:

I =E} +Ej, +2EE,, cos[k(x(cosa, — cos a,) +

(5.28)
+y(cos B, — cos B,) +z(cosy, —cosv,))].
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BsanMocBsa3b MeXIy HampaBIsSOMIMMU yIIamMu o, B, v, ¥ a,, B,, v,
1ocjie TeOMETPUUYECKUX Tpeodpa3oBaHUil OyleT OMpenessiThCsl COOTHO-
IICHUSIMHA:

a, =0,5(m —40 - 2y)),
B, =B, (5.29)
Y, =20-7,.

Pacnonoxus B rtockoctu G rojiorpaduueckyio (poTOIIacTUHKY, UC-
MOJIB3yeMYIO0 B KauecTBe (DoTopearnupyomieii Cpenpl, OIpeneanM, KaK 1mo-
Ka3aHo B pabotax [5.12, 5.13], koaddumument nponyckanus T ¢popMupy-
€MOI TOJIOTPaMMBI IIPH €€ 9KCIIOHNMPOBAHNH B JIMHEHHOM PEXUME IBYMSI
BCTPEYHBIMU CBETOBBIMU IIOTOKAMU OT UCTOYHMKOB S| U S,. Ilis rojo-
rpaMMBl, SKCIIOHUPOBAHHOM TaKMM 00pa30M, CIIPABEIJINBO 3aITUCATh:

T ~1=E, +E, +2E,E, cos(kAr,), (5.30)
roe  As, = x(cosa, —cosa,) +y(cos B, —cos B, )+z(cos y, — cos y,).

5.3.2. HaiinéM MaTeMaTMyecKoe BBIpAXKEHUE [JIs II0JsI, PEKOH-
CTPYMPOBAHHOTO ToJIorpaMMOii (5, SKCIIOHMPOBAHHOM B COOTBETCTBUU
¢ puc. 5.5. IIpu 3ToM B KayecTBE OMOPHOTO MCITOJb3yeM CBETOBOM IMOTOK
E,, 3anaBaeMblii COOTHOILIEHUEM:

E, = E,, exp[ik(xcosa, +ycos B, +zcosy,).] (5.31)

PexoHcTpyupylonmii CBETOBOI MOTOK MOXET (POPMUPOBATHCST UCTOY-
HUKOM CBeTa S, pa3MELIEHHBIM B ITPOCTpaHCcTBe. BBuay Toro, 4ro onru-
YyecKasi cXema Ha pHc. 5.5 mocTpoeHa TakiuM 00pa3oM, YTO TUIOCKME BOJTHBI
E n E, 0GecnieunBaioT 5KCIIOHMPOBAHKE IOJIOTPAMMbI BO BCTPEYHBIX CBE-
TOBBIX ITOTOKAX, TO 3TAJJOHHAsl TOJIOTpaMMa, 3aliMcaHHasl TaKUM o0pa3oM
B JIMHEHOM pexXume, OyneT orpaHUYEHHO TOJICTOCIOMHON [5.12—5.14].
BripaxkeHue [Utsl T0J151, peKOHCTPYMPOBAHHOTO TaKOM TroJIorpaMMoi, Oy-
JIET OTPENESATHCS COOTHOLIIEHUEM:

E=E.T (5.32)
Wcnonwaya popMyny Ditnepa, mpeodbpasyem BoeipakeHue (5.30) K akc-
MOHEHILIUAJIbHOMY BHUIY:

T ~ a, + Aa [exp(ikAr, ) + exp(—ikAr,) |, (5.33)
Iae a, = E02l + E(fz — KO3 OUIIMEHT TIPOXOXKACHNS (3aTyXaHUsI) TIPSIMOiT BOJI-

Hbl; Aa, = E E, — K03 dULIMEHT MporycKaHus A1(parupoBaHHON BOJIHBI.
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IMoncrapnss Beipaxkenust (5.31) u (5.33) B (5.32), HECTTOXKHO MOJTYYUTh
BOCCTaHOBJIEHHOE TI0JIE:

E = a,E,, exp[ik(xcosa, + ycosp, +z cosy,) |+
+AaE, expik(xcosa, + ycosB , +zcosy  + Ary) |+ (5.34)
+AaE, explik(x coso  + ycosB y +zcosy, —Ary) |-

TakuM 06pa3oM, TIpy MaJE€HUH IIOCKO# BOIHBI E; Ha 3TAIOHHYIO TO-
JiorpamMMmy ¢ koadduimeHToM TnporyckaHus (5.33) 3a rojorpaMMoil Bo3-
HUKAIOT TPU TUIOCKHUE BOJIHBI:

— IMepBas BOJHA C aMILUTUTYIOM a F, ., omuchiBaeMas TIEPBLIM cliarae-
MbIM (5.34), TipeacTaBisieT BOJHY, paclpOCTPaHSIIONIYIOCS TT0 HalpabJie-
HUIO OTIOPHOM BOJIHBI, HO MMEIOIIasi MEHBIIYI0 aMIUTUTYY;

— BTOpas BOJHA C aMIUIMTYNO# AaE, MpencTaBjieHa BTOPBIM clara-
eMbIM BbIpaXeHHus (5.34), 4TO COOTBETCTBYET MUHYC IEPBOMY IOPSIIKY
Iudpakimu;

— TPEThbA BOJIHA C aMILIUTYA0H AakE , ONIMCHIBAETCA TPETHUM Clla-
raeMbIM BbIpaxkeHUs (5.34) U COOTBETCTBYET IJIIOC MEPBOMY IOPSIKY
IUGPaKIIU.

ITpu mudpakumu bparra, Kak cieayer u3 reopun [5.12—5.14], no 95 %
SHEPIUM NMafalollero Ha rojlorpaMMy CBETOBOIO ITOTOKA Mepepacipeness-
€TCST MEXJIy HYJIEBBIM M MUHYC TIEPBBIM MOpsAKaMU IUpaKnu, a SHep-
TUsl BOJIHBI IUTIOC MEPBOTO MOPSAKA CTAaHOBUTCS IMPEHEOPEXKUMO Majoi
U e€ B pacu€rax, Kak MpaBWIO, HE YUYUTHIBAIOT. B CBSI3U ¢ T€M, 4TO 3KCMO-
HUPOBaHHas rojiorpamMma SBJIIeTCsl MOJIyoTpaxaTeJIbHONH B COOTBETCTBUU
¢ [5.12—5.14], B mJIOCKOCTH IJTaBHOTO M300pakeHus O0yneT (hopMUPOBATh-
¢ uHTepdeporpamMma, oOyCIOBJIeHHasT MHTepdepeHLUe ABYX 4YacTeil
CBETOBOTO MOTOKA IJIOCKOM BOJIHBI £

— MOpolleauei yepe3 rojorpaMmy 6e3 U3MEHEHUs HallpaBJeHUs pac-
MPOCTPAaHEHUS U OTPakKE€HHOI oTpaxaTeyieM F, pa3MelEHHBIM 3a TOJ0-
rpaMMOii MO MaJIbIM YIJIOM 6 K TJIOCKOCTH TOJOrpaMMbl M IOBTOPHO
MpolIeAliel yepe3 roaorpaMmmy;

— nudparupoBaHHON OT TOJIOrpaMMBbI M 00pa3yIoIieil MAaKCUMyM MU-
HYC TIEpBOTO MopsaKa Tu(paKivu.

CyMMapHoe T10JIe B IUIOCKOCTU MHTepdepeHLIMr OyIeT ONpeneasThes
CYMMOI 3TUX JIBYX CBETOBBIX MOTOKOB [5.19—5.21]:

E,=E,+E,, (5.35)
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rae EO’ ELl — COOTBETCTBCHHO HaHpH)KéHHOCTI/I OIITUYECKOIo I10J4
BOJIHbBI HYJICBOI'O 1 MUHYC IICPBOI'0 MOPAAKOB I[I/I(I)paKHI/II/I, onpencjadac-
MBIC BBIPpAXXKCHUAMM:

E, =a,E, exp [ik(x cosa , + ycosf, +zcosy 4)];
E | =AaE, exp [ik(x cosa ; + ycos B, + z cos y3)];

a, =0,5(mr —40 - 2y,),
B, =B, (5.36)
Yy =20-7,

MHTEeHCUBHOCTh CYMMapHOTO CBETOBOTO IIOTOKAa B ILIOCKOCTH

IJIaBHOTO M300pakeHUsI (IIJIOCKOCTH MHTepGhEepeHIINN) OIpeaesieTCs
COOTHOIIICHUEM:

I, = E,E. (5.37)

YuutbiBas BeipaxeHus (5.36), cootHoiueHue (5.37) It CyMMapHOTO
TTOJTSI B TIDIOCKOCTY MHTepdepeHIINT MOXET OBITh MMPeo6pa3oBaHO K BUY:

I, =((a,Ey) +(Aa,Ey)’ ) +2a,AaEy, cos(kry); (5.38)

r; = x(cosa, —cosa,) + y(cosP, —cosfB,) +z(cosy, —cosy;) —Ar,. (5.39)

Boipaxxenue (5.38) MOXHO yCJIOBHO pa30MTh Ha ABa YjcHa:

— MEPBBIA COCTOUT U3 JABYX CJaraéMbIX M OIMCBIBAE€T IMOCTOSIHHBIM
CBETOBOM (DOH B IJIOCKOCTH INIABHOTO U300pakeHUs;

— BTOPOi SIBJISIETCSI MHTeP(MEPEHIIMOHHBIM M OMNpEAC/seT IIUPUHY
UHTep(hEePEHLIMOHHBIX MOJ0C C(hOPMUPOBAHHON MHTEPGHEPOrpaMMBbI.

WUnrepdepeHIMOHHAaA KapTUHA B JAaHHOM MJIOCKOCTU OyaeT momgo0-
Ha, Kak TokKa3zaHo B pabOotax [5.21—5.23], uHTepdeporpamme B ILJIO-
CKOCTHM TOJIOTPaMMBI, HO B JPYyroM macuitabe padmepoB. MaKcHMyMbl
¥ MUHMMYMbl MHTEHCUBHOCTU I10JIs1 Ha MHTepdeporpaMme OYayT COOT-
BETCTBOBATb YCJIOBUSIM:

kry, = +Am; (5.40)

kr, = +M(m+0,5), (5.41)

r7ie m — MOPSIOK UHTep(epeHITuN.
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Ha ocnoBe Boipaxenuii (5.39)—(5.41) HeCIOXHO MOTYIUTH KOOPIM-
HAThl MAKCUMYMOB ¥ MUHUMYMOB OTITUYECKOTO TIOJIST:

X m
L= A —y(cosP, —cosP, —cosP, +cosP,)—
(m+0,5) »( B4 B3 Bl Bz)

(5.42)
—z(cosy , —COS Y, —COS Y, + €08 Y, ) |X

x(COS 0, — COS 0, —COS @y +COS @, ) .
C y4€TOM JaHHBIX BBIpaXKEHU I IIUPUHA UHTEPDEPEHLIMOHHON TTOJI0CH

B IINTOCKOCTH I'ITaBHOI'O 1/1306pa>1<e1-1m1 6YI[CT OIIpeACaATHCA COOTHOIICHUEM:

AX =|x, (5.43)

max

min|’

_| X
a TIPOCTPaHCTBEHHO YacToTa Ha mHTepdeporpamme (popMyInoii:
1
20X

5.3.3. [l BBISIBIEHUS 3aBUCHMMOCTM XapakTepa pachpeneeHUs] WH-
TEHCUBHOCTH OITUYECKOTO IO/l B TUIOCKOCTHM TJIABHOTO M300pakeHUS
(T10CKOCTH MHTEP(MEPEHIIMN) OT MapaMeTPOB ONTUYECKMX CXeM WHTep-
(bepeHIIMOHHO-TOIOrpaPUIECKUX MOIYJISATOPOB M JIEMOIYJISITOPOB OII-
TUYECKOro M3ay4eHMs B [5.22, 5.23] Obul BBINTOJIHEH BBIYMCIUTEIbHBIN
skcriepuMeHT. [Ipu 3TOM TMojarajxoch, 4TO JUIMHA BOJHBI MCTOYHWKA
MOHOXPOMaTHYECKOTO U3yYeH!s COCTaBlsIa A, = 628 HM, YTO COOTBET-
CTBYEeT U3JyYeHUIO reiauii-HeoHoBoro nasepa [5.3]. PaccrossHue ot uc-
TOYHMKA CBETA 10 ATAJIOHHON rojiorpaMMbl R BeIOMpasioch paBHbIM 0,1 M.
JIvHeitHbIe pa3Mephbl 3TaJIOHHOW TOJIOTPaMMBbI OMpeAeSUIMCh pa3MepaMu
0,35%0,35 M. ¥Yros Mexay IJI0CKOCThIO TOJIOrpaMMbI U OTpakartesieM 6 co-
craBysn 3°. Yooel o, B, v, ¥ a,, B,, v, MEXIY HaMpaBIeHUEM PacIpocTpa-
HeHus BonH E| v E, 3anaBanuck B mipeenax 0°...45°.

B xauecTBe onTMueckoii cxembl MHTEpPdEPEHIIMOHHO-rojIoTpacduye-
CKUX MOIYJISITOPOB U IEMOMIYJISITOPOB BBIOMpaIach CXeMa ¢ rojiorpaMMoit
MOJTyOTpaxkaTeJIbHOTO TUITa, 9KCIIOHUPOBAHHOMW BO BCTPEYHBIX CBETOBBIX
Myykax co cepuyecKMMU BOJTHOBHIMU (DpOHTaAMHU, KakK IIpeliaraioch
B paborax [5.22, 5.23], mOCKOJBKY JaHHas1 cxeMa obecIieunBaeT

— MaKCHUMaJIbHble KOHTPACTHOCTh U YETKOCTh MHTeP(epOrpaMMBbl;

— MaKCUMAaJIBHYIO I MHTep(hepOMEeTPOB IMPUHY MHTEepdepeHII-
OHHOI MTOJIOCHI, T.€. Han0oJee HU3KKE IMTPOCTPAHCTBEHHBIE YaCTOTHI.

(5.44)
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BoluucnuTenpHbI 3KCIMEPUMEHT MpeaycMaTpuBal MOJAEIUPOBAHUE
3aBUCUMOCTEN MPOCTPAHCTBEHHOU 4acTOThI A OT YAaCTOTHI ONTUYECKOTO
u3nydeHust f, uameHsiomieiics B uatepsaie ot 300 mo 3000 TTir (mmHa
BosHBI 1077 <A < 107°), 4TO COOTBETCTBYET BEPXHEW YACTH CIIEKTpa WH-
(pakpacHOro U HUXKHEN YaCTU CIIEKTpa BUIUMOTO U3TYYEHUS, U OT U~
HBI BOJIHBI A BOCCTAHaBJIMBAIOILETO MCTOYHMKA (BOJHBI E,). Pesynbrarel
MOJEIUPOBAHUS, BBIIOJIHEHHOTO HA OCHOBE KCITOJIb30BAHUS MPOCTPaH-
CTBEHHO-CIIEKTPAJILHOTO METOJA aHaau3a BOJHOBBIX (PPOHTOB ONTUYE-
CKOTO I10JIs1, OIMCaHHOrO B [5.18], mpuBeneHs! Ha puc. 5.6.

A.l']? . T T T T T T T

1.2 | .
0.8 - .

0.4 - .

0 200 400 600 A, HM

Puc. 5.6. 3aBucumocTb MPOCTPAHCTBEHHOM YaCTOTHI OT JUIMHBI BOJTHBI CBETA
BOCCTaHaBJ/IMBAIOUICTO NCTOYHUKA

AHaIM3 TOJYYEHHBIX pPE3YyJBTaTOB IOKa3bIBa€T, YTO 3aBUCHMOCTH
MPOCTPAHCTBEHHOM YacTOTHI OT JJIMHBI CBETa BOCCTaHABIMBAIOILEIO MC-
TOYHUMKA UMEET JIMHEMHBIX XapaKTep, OTKJIOHEHMS TP 3TOM He IPEBBI-
wator 10~° Iix Bo Bcem cnekTpe KojiebaHuii. [Ipy n3mMeHeHUU TOYKH Po-
Kyca BOCCTaHaBIMBaIOLIEro crnekrpa B npeaeaax oT 90 go 110 MKM yxoabl
MPOCTPaHCTBEHHOM 4YacTOThl He TpeBbiaoT 107'6 [i1 st uHTepdepeH-
LIMOHHBIX TI0JIOC HYJIEBOTO U TIEPBOTO MOpsaAKa MHTePGhEPSHIIUM.

Takum obpa3oM, MOXHO CKa3aTb, YTO METOH rojorpapuyeckoil MH-
TepdepoMeTpun He TOJbKO OOECIeurBacT B peaJlbHOM BPEMEHU aHaIN3
BOJIHOBBIX (DPOHTOB ONTUYECKOTO IT0JIsI, HO W 00JIafiaeT BHICOKOW YYBCTBH-
TEJIbHOCThIO K MaJIbIM U3MEHEHUSIM IPOCTPAHCTBEHHOTO TIOJIOKEHUST BOC-
CTaHaBJIMBAIOILIETO UCTOYHMKA, &, CJIE0BATEIbHO, U U3BMEHEHMUIO ero (a3bl.

5.3.4. UccnenyeM xapakTep W3MEHEHUSI BHELIHEro Buaa WHTepde-
porpaMMBbI B pe3yJibrate U3MeHeHH sl ¢ha3bl BOCCTAHABIMBAIOLIETO MCTOY-
Huka oT 0° go 180°, 4TO COOTBETCTBYET MOJYBOJHOBOMY HaIpSIKEHUIO

122



Pasder 5

Ha 3JIEKTpOoJaX dJEKTPOONTHYECKOro Moayisitopa. Ha puc. 5.7,a-e npen-
CTaBjIeHbl M300PaKE€HMS IMOJYYEHHBIX HMHGOPMALUOHHBIX UHTEPGhEPO-
rpamMM It ¢a3oBhIX 3amepxkek 0°, 45°, 90°, 135°, 150° u 180° cootBeT-
CTBEHHO. AHAJIM3 pe3yJbTaToOB, NPUBEAEHHLIX Ha pHUC. 5.7, MO3BOJISIET
clieJlaTh BBIBOJ, O TOM, 4TO (pa30BbIe 3aJEPKKHU CYLIECTBEHHO BJIMSIOT Ha
dopmy uHTepbeporpammel. B yacTHOCTH, M3MeHsIeTCS (hopMa LIEHTPalb-
HOM 00J1aCTH, a TAKXK€ LIMPUHA LIEHTPaJIbHOTro KoJibla. [1pu aToM HabII0-
JAeTCs IMpOoLEeCC cOeraHust K LIEHTPY M300pakeHUs WU pa30eraHusl OT
Hero (opMUpyeMbIX HHTEPGHEPEHLMOHHBIX I10JI0C.

Ir pit €

Puc. 5.7. U3o06paxeHust ”HPOPpMaIIMOHHBIX MHTEpdeporpaMm
MPY Pa3TUYHBIX BeJIMUMHAX (Ga30BOH 3aePXKKU:
a — ¢azoBas 3anepxka 0°; 6 — da3oBas 3amepkKka 45°;
6 — (azoBas 3anepxka 90°; e — pazopas 3aaepxka 135°;
0 — (azoBas 3anepxka 150°; e — dazoBast 3agepxka 180°

5.3.5. OgHUM U3 BaXHBIX BOIPOCOB IMPU MOCTPOCHUM OMTUYECKUX
npeoOpas3oBatesyieil sIBJAsSETCS MCCIeJOBaHUE 3aBUCUMOCTM TapaMeTpoB
uHTepeporpaMMbl B TUIOCKOCTA (POTONMPUEMHUKOB OT HE3HAYUTEb-
HBIX CMEILIEHUI 3TaJJOHHON rOJIOrpaMMbl, KOTOPbIE MOTYT OBbITh BbI3BAHbI
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BUOpaLMSIMU, TETJIOBBIM PACIIMPEHUEM MaTepuaaoB U APYTMMU MpUYU-
Hamu [5.22, 5.23]. Ha puc. 5.8,a,6 npuBeaeHbl pe3yJibTaTbl UCCAEA0BaHUMI
BJIMSIHUS TIOTIEPEUHBIX (puc. 5.8,a) M TIPOIoNbHBIX (puc. 5.8,6) cmerie-
HUI 3TaJIOHHON rojorpaMmsbl. Ilpy 3TOM IpM MOMNEPEYHOM CMEILIEHUU
paccMaTpMBaJIMCh CIy4al CMEIIEeHUSI OTHOCUTENbHO ocu 0x B mpenaesax
0,02 MM, a B MpOIOJBbHOI MJIOCKOCTU — OTHOCUTEIBbHO ocu 0z B mpeaesax
0,04 mM. CIUIONIHOM IMHHUEH MUTIOCTPUPYIOTCS Pe3YIbTaThl, ITOJIydeHHEBIS
JJ11 UHTepMEePEeHILIMOHHBIX TTOJIOC HYJIEBOTO MOpPsAKa, a INTPUXOBOM — ISt
UHTep(hEePEHLIMOHHBIX TTOJOC TEPBOro MOPSAKa.

AHanmu3 rpadukoB Ha puUC. 5.8 TMO3BOJISIET TOBOPUTH O ciaboit
3aBUCUMOCTH HMHTEPGEPEHLIMOHHOIO M300paXeHUsT B MCIIOIb3Y-
€MOI ONTUYECKOW CXeMe€ OT MHUKPOCMEUIEHUU STaJOHHOW TOJO-
rpaMMbl, BbI3BaHHBIX BHEIIHUMHU Bo3aeicTBUsiMuU. ClegoBaTesibHO,
pa3pabaTbiBaeMble OMNTUYECKHE CXEMbl OyayT oOecrneuyuBaThb MOHU-
KEHHYI0 YYBCTBUTEJIbHOCTh K YAAapHBIM Meperpy3kaM U MOTYT OBbIThb
peajm30BaHbl C MCIIOJIb30BaHMEM IIUPOKOro CHeKTpa (poTompueém-

HBIX YCTPOMCTB, BBIIYCKAEMBIX COBPEMEHHON IPOMBIILIEHHOCTBIO
[5.4, 5.24, 5.25].

AX ] AXTS
’-" \‘~~
e 0.06 Theelll
005 =" s
0.05
0.04 0.04
0.010  0.018 Xew,uM 0.09 0.098 Zepgs MM
a 0

Puc. 5.8. 3aBucuMoCTb MIMPUHBI THTEPHEPEHIIMOHHBIX TTOJIOC OT CMEIICHUS
3TAJIOHHOW IrOJIOTPaMMBIL:
a — B TIOTIePEYHON TUIOCKOCTH; 6 — B IIPOIOJIbHOM TJIOCKOCTH;
CIUIONTHAS JIMHUST — IIMPUHA UHTep(hEepeHIIMOHHOM TTOJIOCH HYJIEBOTO TTOPSIIKA;
LITPUXOBAsI IMHUS — IUMPUHA UHTePhEPEHIMOHHOH MOJIOCHI TEPBOTO MOPSIIKA

TakuMm 00pa3oMm, MOJTyYeHHBIE Pe3YIbTaThl ITO3BOJISIIOT
— chOpMYJIMPOBATh OTPaHMYCHUST Ha TIPOCTPAHCTBEHHOE pa3MeEIlcHIe
¥ TEOMETPUIECKHE Pa3MepPhl ONTUIECKUX KOHCTPYKTUBHBIX 3JIEMEHTOB TIpU
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MMOCTPOEHNM WHTePGhEPEeHIIMOHHO-ToJorpacnIecKX mpeodpasoBareseit
OTNITUYECKOTO U3ITyUCHUS;

— ONpPEeNeTUTh KOHKPETHYIO CXeMY Pa3MeIleHUST ONITUYECKUX BIIeMEH -
TOB IIJIST X TIOCTPOEHUSI.

5.4. BeiBOABI

5.4.1. PacimmpeHne BO3MOXHOCTEN paguoTEXHUUECKUX CUCTEM B 00-
JIaCTSIX pa3pabOTKM YCTPOMCTB BEHINEJCHUS CIA0BIX CHTHAJIOB Ha (hOHE
ITACCUBHBIX W aKTUBHBIX ITOMEX, PAIMOJIOKAIIMOHHBIX CTAHIINI C CUHTE-
3MPOBAHHOU amIapaTypoil 1 Ap. MOXET OBITh 00CCIIEUYCHO IIPH MCIIOIb30-
BaHWM B HUX ONTHYECKMX CHUCTEM 00pabOTKM MHGMOPMAIINN, IIPEUMYIIIe-
CTBaMU KOTOPHIX IT0 CPAaBHCHMIO C TPATUIIMOHHBIMU SIBJISTIOTCSI OOJIBIIAsT
nHpOpPMAIIMOHHAST éMKOCTh, MHOTOKAHAJIBHOCTDb, BBICOKOE OBICTPOIEIi-
CTBUE, MHOTO(DYHKIINOHATEHOCTbD.

5.4.2. [IpuMeHEeHNE KOTEPEHTHBIX ONTHUYECKMX METONOB B OITHYC-
CKMX cUcTeMax 00paboTKu MH(oOpMaliu 00YCIOBIEHO:

— BBICOKOM MH(OPMAIIMOHHON EMKOCTBIO, M30BITOYHOCTBIO U TIOME-
XOYCTOMIMBOCTBIO TOJIOTPAMM;

— BO3MOXHOCTBIO pear3alliii HOBBIX THIIOB M CHCTEM C (DYHKIINO-
HaJIbHEIMA BO3MOXHOCTSIMH, PEaI30BaTh KOTOPBIC C ITOMOIIBIO TPamH-
IIMOHHBIX ONTUIECKNX CUCTEM HEBO3MOXKHO.

5.4.3. OcobeHHOCTH (QYHKIIMOHMPOBAHMS CXEMBI OITUYECKOM IIPO-
CTPaHCTBEHHOM (DUIBTPALIMU OTPEICISIIOT:

— HEOOXOOVMMOCTh HCCIICHOBAHUS IIPOCTPAHCTBEHHOTO PACIIOIOXKE-
HUS TUIOCKOCTH (hOTOUYBCTBUTEIBHBIX 3JIEMEHTOB OTHOCUTEIBHO OITTH-
YeCKUX Ooceil MHTep(hepUupyoInX KOTEPEHTHBIX CBETOBBIX ITOTOKOB, Ha-
IIpaBJICHUS] KOTOPBIX MOTYT H3MEHUTHCS B Iporecce QYHKIIMOHNPOBAHMS
WX HACTPOMKU IIpeoOpa30oBaTeIs;

— BBeAICHME OTPaHNMYCHU Ha IIPOCTPAHCTBEHHOE pa3MeIleHIEe U Te0-
METPUUYCCKHUE pPa3Mephl CHCTEMBI (DOTOIMPHEMHUKOB, PETUCTPUPYIOIINX
B IMHAMUKE XapaKTep 3TUX U3MEHEHMUIA.

5.4.4. BHITIOTHEHHBINA aHAJM3 COOTHOIICHWI, ONMUCHIBAIOIINX
CcyMMapHOe moJjie mHTepdeporpaMMbl IIPU UCITOJIb30BaHUU IIPOCTPaH-
CTBEHHO-CIICKTPAJILHOTO METOIa ToJioTpaduacckoir mHTEpdepome-
TPpUH ITOKAa3al:

— nHGOPMAIMOHHOE N300pakeHNE B MCCIETyeMOM ONTUYCCKOM CXe-
Me c1a00 3aBUCHT OT MHUKPOCMEIICHMI (IIPOMOJIBHBIX M ITOIEPCYHBIX)
STaJIOHHO TOJI0TPaMMBbI, BEI3BAHHBIX BHEITHUMM BO3ICHCTBUSIMU,
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— Merton Tosiorpaduieckoit MHTEphEpOMETpUU HE TOJIHKO obecrie-
YUBaeT B pEaJIbHOM BPEMEHU aHAJIU3 BOJHOBBIX (DPOHTOB ONMTHUYECKOTO
TOJIsT, HO M 00JIaaeT BHICOKOM YyBCTBUTEIBHOCTBIO K MaJIbIM M3MEHEHU-
SIM TIPOCTPAHCTBEHHOTO TTOJOXEHUSI BOCCTAHABIMBAIOIIETO MCTOYHUKA,
a, CJIeqoBaTeIbHO, Y U3MEHEHUIO eTO (ha3bl.

5.4.5. BeIMOTHEHHBII BEIMUCTATEHHBIN KCTIEPUMEHT TT0 MCCIIEOBAHUIO
BJIVISTHUSI TTapaMeTPOB KOHCTPYKIIMY Toyiorpadhuueckoro rpeodpa3oBaresist om-
THUYECKOTO M3TyJdeHUS Ha TapaMeTphbl MHTepdeporpaMmbl IoKasza, uTo:

— nuHTepdepeHIIMOHHO-Toorpaduueckre Mpeodpa3oBaTesid ONTUYE-
CKOTO M3JIy4eHUs] 00eCTIeUMBAIOT OOJIBIITYI0 YyBCTBUTEIBHOCTD K CIa0BIM
W3MEHEeHUsIM Habera ¢ha3bl BOCCTaHABIMBAIOIIETO MCTOYHMKA. OTpaxka-
€TCs JaHHOe BIMSIHUE Ha (DopMe LIEHTpaIbHOM 0biacT uHTepdeporpam-
MBI, IIUPUHE UHTeP(EPEHITMOHHBIX TTOJIOC U UX TIEPEMEIIIECHUSIX;

— 3aBUCHUMOCTb TIPOCTPAHCTBEHHOW YacTOTHI OT M3MEHEeHUs (a3bl
BOCCTaHABJIMBAIOIIETO UCTOYHUKA SIBJISIETCST TMHEWHOIA.

5.4.6. C mpakTU4eCKOW TOYKMU 3peHUsI pe3yIbTaThl UCCIIETOBAHUI
TMO3BOJISAIOT:

— chopMyTMpOBaTH OTPAHWYECHUSI HAa TMPOCTPAHCTBEHHOE pa3Mellle-
HHUE U TeOMETPUYECKNE pa3MepPhl ONITUUECKUX KOHCTPYKTUBHBIX JIEMEH-
TOB TIPU TIOCTPOEHUM WHTePGhEPeHIIMOHHO-TOJorpachuIecKux mpeodpa-
30BaTesiell ONTUYECKOTO U3TyUYEeHUST;

— OMpeneInuTh KOHKPETHYIO CXeMY pa3MelleHUsT ONTUIeCKUX JIeMEeH-
TOB TSI UX TIOCTPOEHUSI.
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6. IIPOB/EMA OOEHKIN TEXHTYECKOI'O
COCTOAHMA PAAMOTEXHUYECKVIX KOMIIZIEKCOB
B YCAOBIISIX ITAPAMETPUYECKOIN HEOITPEAEAEHHOCTN

Jlancapo A.I1.

Annomayusa — TlpennaraeTcsi OpUrMHaAIbHBINM METOI ONEPATUBHON OlIEH-
KA COCTOSIHUSI PaTMOTEXHMUECKUX KOMIUIEKCOB Ha 0a3e MapKOBCKUX MO-
Jesieil, MCIOJIb3YIONIMX TapaMeTPU30BaHHbIE SBOJIOIMOHHBIE YpaBHEHUS.
MeToa TO3BOJISIET alipMOPHO 3a7aBaTh TOYHOCTb OLIEHKM CTOXaCTMYECKUX
XapaKTePUCTUK, OTMUCHIBAIONINX COCTOSIHUE CJIOXHBIX TEXHUYECKUX OObEeK-
TOB U MOXET OBITh IMOJIOXKEH B OCHOBY CUHTE3a OBICTPOJCHCTBYIOIIUX CUCTEM
KOHTPOJISI ¥ IPOTHO3UPOBAHMSL.

Karouesvte ca06a — olieHKa TEXHUYECKOTO COCTOSTHUSI, IPOTHO3UPOBAHME,
CJIOXHBIC MAPKOBCKKE O0BEKTHI, 3BOJTIOLMOHHBIC YPABHEHMUSI, CTOXaCTUUECKHE
XapaKTEPUCTHUKMU.

6. THE PROBLEM OF TECHNICAL CONDITION
EVALUATION FOR RADIO ENGINEERING
COMPLEXES UNDER MODELING UNCERTAINTY

Lapsar* A.P.

Abstract — An original method for the rapid technical condition evalua-
tion for radio engineering complexes is proposed based on Markovian models,
which use parameterized evolutionary equations. The method allows presetting
the evaluation precision of stochastic data, which describe the state of complex
technical objects, antecedently, and thus it can be taken as a basis for the syn-
thesis of high-performance monitoring and forecasting systems.

Keywords — technical condition evaluation, forecasting, complex Marko-
vian objects, evolutionary equations, stochastic characteristics.

6.1. BBegenmne

Ilepexon K MHHOBAIIMOHHOM 3KOHOMUKE, 00€CIIeUMBaeMbIil 3a CUET
KCIIOJIb30BaHUSI HOBBIX TEXHOJIOTUIA, KaK TMOKa3aHO B pazaese 1, MOXeT
OBbITh JOCTUTHYT, B TOM YMCJIE€, U TIPU UCIMOJb30BAaHUU B 00JACTU TEXHO-
JIOTU#l T100aJIbHBIX MH(MOKOMMYHUMKAIIMOHHBIX ceTeil. Ilpu umcmosb3o-
BaHUMU WH(MOPMALIMOHHBIX TEXHOJOTUI B CJIOXHBIX PagUOTEXHUYECKUX
cuctemax u komriekcax (PTK) ogHUM M3 BaXXHBIX MOMEHTOB SIBJISIETCSI
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aBTOMATU3allMs OLIEHKU KayecTBa UX (pyHKIMoHMpoBaHUs. ClioXuBIlasi-
cd B HacTosllee BpeMsl TEHIEHIUS K MPOJIEHUIO CPOKOB IKCILTyaTalluu
CJIOXXHBIX TEXHUYECKUX 00BbeKTOB, B ToM yucie PTK, u yBenuuenus: ko-
JinyecTBa OOBEKTOB C JJIUTEJIBHBIMUA CPOKAMM DKCIUTyaTallUd TPEIbsB-
JISeT AOTMOJHUTEIbHBIE TPEOOBaHUS K OPraHU3alMd OLIEHKU COCTOSIHUS
TaKUX OOBEKTOB, TO €CTh BOZHUKAET MPOTUBOPEUME MEXIY TEKYLIeH UH-
dopmanueit o Texunyeckom coctosiHuu PTK, mosyyaemoii ¢ momoiisbio
CYILIECTBYIOLIMX CUCTEM KOHTPOJISI, U TOTPEOHOCTSIMU B allpUOPHON UH-
(opmanim 0 MOBEAEHUM OCHOBHBIX XapaKTEPUCTUK HCCIEAYEeMbIX KOM-
TUIEKCOB B Oy@ylllM€ MOMEHTHI BpeMeHUW. Hamuiio HeoOXoguMoOCThb CO-
BEPILIEHCTBOBAHUS CUCTEMBI OLIEHKM TexHu4yeckoro cocrosgHusi PTK Ha
oCcHOBe 3(D(EKTUBHBIX MOJENEH.

6.2. Oco6eHHOCTM PaAMIOTEXHNYIECKOrO KOMILAeKca
Kak 00O'beKTa AMarHOCTUPOBaHMSI

PannorexHuyeckre KOMIUIEKCHI SIBJISTIOTCSI CJIOXHBIMHM CHUCTEMaMMU,
MPEICTABIISIIOT CO0O COBOKYITHOCTh B3aMMOCBSI3aHHBIX Pa3HOOOpAa3HBIX
110 Ha3HAYCHMIO, IIPUHITUIIAM IeUCTBUSI, KOHCTPYKTUBHOMY MCITOTHEHHIO
¥ 3KCIUIyaTallMOHHBIM XapaKTepHCTUKAM YCTPOMCTB U ITOACUCTEM, TIpe-
Ha3HAYCHHBIX UISI PEIICHUs CIOXHBIX 3amad. CUMTaeTCsI, YTO TEXHUYEC-
CKas CHUCTeMa SIBJISIETCS CJIOKHOM, €ClIM OHAa COCTOUT M3 OOJIBIIOrO YMC-
JIa B3aMMOCBSI3aHHBIX M B3aMMOMICHCTBYIOIIMX MEXIYy COOOI 3JIEMEHTOB
(moacucTeM) U crocoO0Ha peanau30BbIBATh CJI0XHYIO GyHKLMIO [6.1—6.4].
CioxHasi cucTeMa IIpU OTKa3e OTAEIBbHBIX 3JIEMEHTOB (IIOACUCTEM) HeE
Bcerga TepsieT paboTocrnocoOHOCTh. B cioxHoi cucteme, obliamaronieit
(DYHKIIMOHAIPHON WM30BITOYHOCTHIO, CHIDKAIOTCS XapaKTEePUCTUKU 3¢-
(exTBHOCTHU ee (PpyHKUMOHUpoBaHMs. TakuM obpas3om, otka3 PTK cie-
IIyeT ONpPeIessATh KaK BBIXOI XapaKTepUCTHUK eTo 3(p(DeKTUBHOCTH 3a yCTa-
HOBJICHHBIC TIPEIEIbI.

C menpio obecredyeHUsI BBICOKOTO KadyecTBa IOJy4eHUs] MHGpOpMa-
uu o Texuuyeckom cocrosiHuu PTK HeoOxoauMo BbIOpaTh METOI U pas3-
paboTaTh aJeKBaTHYIO MCCIIeAyeMOMY OOBbEKTYy MOJeJb €€ oueHKu. s
noBelIeHUsT 3 dekTnBHOCT 3KcIyatraunu PTK m mpenorBpamieHus
BO3MOXXHBIX aBapWii B CJIydae HEINTAaTHON 3KCIUTyaTallMd, OLIEHKA CO-
crosinus PTK pomkHa ocylliecTBIsITbCS B MaciliTabe BpeMeHU, OJIM3KOM
K peaqpbHOMY. PammoTeXxHMYeCcKre KOMIUIEKCHI OTHOCSTCS K CJIOXKHBIM
CTOXaCTUYECKHM CUCTEMAM C allepUOJNYECKAM U3MEHEHUEM PETYJISIPHOMN
COCTABJIIONIE M MMEIOIIMM HEITOJTHOe O00CCIIeYeHNE KOJIMIEeCTBEHHOM
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nHbopManueit [6.5, 6.6]. PagnorexHuyeckue KOMIUIEKCHI UMEIOT CIIey-
JOIIIE OCOOEHHOCTH:

— BO3MOXHOCTbh OIIEHKM TEXHUYECKOTO COCTOSIHUSI PaJlUOTEXHUYE-
CKMX KOMIUIEKCOB OMPEesIeTCs UX KOHCTPYKTUBHBIMU XapaKTEePUCTUKA-
MM C HAJIMYMEM OTPEEIeHHON MapaMeTpUYeCKOl N30BITOYHOCTH;

— CITy4yaliHBII XapakTep MPOLIeCCOB, MPOUCXOISAIINX B PATUOTEXHUYE-
CKMX KOMITJIEKCaX, a TakKe OOJIBbIION HA0Op BHEIIHUX BO3AEHCTBUN, CBS-
3aHHBIX C OCOOEHHOCTSIMU UX (PYHKIIMOHUPOBAHUS,

— CUHTE3 €IMHOU YHUBEPCATBHON MOJIENIV pacXoia MapaMeTpUIeCKON U3-
osrrouHocT PTK 4upe3Bbl4aiiHO 3aTpyqHEH, OMHAKO MPU MOCTPOSHUM TaKUX
MOJIeJIE BOZMOXHO MCITOJIb30BaHKE OOILIEr0 MaTeMaTUIeCKOro amnmapara.

OCHOBHOI 3amayeil OLIEHKM COCTOSIHUSI PaIMOTEXHUYECKUX KOM-
IUIEKCOB B TTPOU3BOJIbHBIE MOMEHTBHI BPEMEHMU SIBJISIETCS. U3YUYEHUE 3aKO-
HOMEPHOCTEN M3MEHEHUSI UX CBOMCTB, MPUBOASIIMX K OTKa3aM. B cBs3u
C 9TUM UHTEpPeC MPEeICTaBIISIeT UCCIENOBAHNE MaTEMATUYECKUX MOJIEEH
YTpaThl 3JIEMEHTAMU PAIUOTEXHUYECKNX KOMIUJIEKCOB CBOMCTB, 3alaHHBIX
Mpu UX pa3paboTke W MPOU3BOACTBE. B HacTosulee BpeMs HaMeTUIIaCh
TEHICHUNS MPUMEHEHUS Mojeieli Ha ocHOBe AU(PDY3MOHHBIX MpoleC-
COB, B YaCTHOCTHU MNP GHY3MOHHBIX MApKOBCKHX ITporieccoB [6.5, 6.7—6.9].
B ocHOBe Takux Mopeseil JIeXUT croxacThudeckoe auddepeHunanibHOe
ypaBHeHue B popme Uto

dx = f(x,0)dt+ g (x,7)dw(?), 6.1)

rae g(x, 1) — koapduumrent nuddysuu; fx, 1) — KoabbUIIMEHT cCHOCA
MapKOBCKOTO ITpollecca; w — BUHEPOBCKUIA TTpo1iece.

PacnipoctpaHeHnue nud@y3rnoHHBIX MApPKOBCKMX MPOLIECCOB 00YCIOB-
JIEHO UX CBOICTBAaMU, OCHOBHOE M3 KOTOPBIX — 3TO OTCYTCTBHE ITOCIENEH -
CTBUS: MPU OIIEHKE MOBEIEHMs Tpoliecca B OyaylIre MOMEHTH BpeMEeHU
BaXKHO TOJILKO 3HAHME COCTOSIHMS ITpoliecca B HACTOSIIMIT MOMEHT Bpe-
MeHM 0e3 yueTa npeabicTopu. Moenb U3MEeHEeHUsT TEXHUYECKOTO COCTO-
STHUSI, WcToJib3ytonias nuddy3noHHbIe MapKOBCKHE Ipoliecchl Hambo-
Jlee ageKBaTHa UCCIIEAyeMOMY ITPOIecCy U YHUBEpCaJlbHA 110 CpaBHEHUIO
C IpYTMMU, MCIIOJIb3YeMBIMA B TEOPUU CTOXacTUYeCKUX QyHKIumid. Takast
MOJeJIb MOXET OBITh IpPUMEHEHA IS YHUKAJIbHBIX BBICOKOHAIEXKHBIX
00BEKTOB, KAaKOBBIMM SIBJISIIOTCSI PAJIMOTEXHUYECKNE KOMILIEKCHI, U MO-
XeT OBITh TTOCTPOEHA Jaxe 1Mo OmHO# peanmzanuu [6.10]. MonemupoBa-
HUE MOBEeACHUS 00beKTa KOHTPOJIA Ha 6a3e nuddy3nOHHBIX MapKOBCKUX
MPOIIECCOB TTO3BOJISIET OMEPATUBHO IMOJYyYaTh 3HAUYEHUST XapaKTepUCTUK
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HCCIIEIyeMOTO PaIMOTeXHUYECKOTO KOMITIeKca. AHaIM3 IT0Ka3bIBaeT
[6.5, 6.9—6.12], uTO MCITONIB30BaHKME MOJIENIe Ha OCHOBE TU(PGhY3MOHHBIX
MAapKOBCKUX IIPOLIECCOB SBJISCTCS HanOoJjIee MepCIeKTUBHBIM TSI CUHTE -
3a cucteMm KoHTposist PTK. OnHako, B HacTosiiee BpeMsl MX MPpUMEHEHUE
OTPaHMYECHO M3-3a HECOBEPIIECHCTBA MAaTeMAaTHMYECKOTO amlapaTa pele-
HUs 1 GY3MOHHBIX YPaBHECHMH, BBIYUCIUTEIBHBIX CIIOKHOCTEH U CyIIIe-
CTBEHHBIX BpEMEHHBIX 3aTpar.

6.3. MaTeMaTn4ueckast MOAeAab 3a4aYy OIIeHKIM COCTOSTHIISI
PaaMoTeXHNIeCKOTO KOMIIAeKca

I1lycThb MHOrOMEpPHBII BEKTOP TEXHMYECKOTO COCTOSIHUS X(f) € R uc-
CJIeAYeMOro paguOTEXHMYECKOr0 KOMILIEKCAa MOXHO OIMCaTh CTOXAaCTHU-
yecKuM auddepeHIaIbHbIM YpaBHEHUEM

dx(t) £ )+ g, (x, )y (2); x(t) = x,, (6.2)

e f,(x,t)eR"; g, (x,1)e R"xR" — HecroxacTiueckue (DyHKLMH, YIOB-
JeTBopsioLIKe yeaoBuo JIunmuua

o (xz,t)—fJ1 (xl,t)|+
n (t) € R"— HopMaJbHBI OeJblil (rayCCOBCKMIA) LIyM c CTaTUCTUYECKUMU

xapakrepuctukamu: Min,(1)] = 0; M[ n, (t, )ny (1, )} Ny S(t —4); N, —

g, (x,.1)-g, (x],t)| SL|x2 —x||, L>0;

CIIEKTpaJibHasd IJIOTHOCTD LIyMa.
Cuynrast 0TKa30M PaIMOTEXHUYECKOIO KOMILJIEKCA BbIXO XOTA OBl OJI-

HOTO TapaMeTpa e€ro GyHKIMOHUPOBAHUA X (1), i €l,r, 3a rpanuiy o6ma-
¢t fomyckoB G . < R, To 1oKasareneMm 6630TKa3HOI/I paboThl OyJeT Be-
positHOCTh U(x, s) He BbIXOJIa Mpoliecca U3 3Toi 001acTu:

U(x,s)z P{x(t)e Gy, Vte [s,T] |x(s)e GH}; G,c R, (6.3)

rae U(x, s) — BepOSITHOCTb HeBbIXoAa mpolecc x(f) 3a TpaHULbl JOMYCTH-
Moit objacTu GH = GE[,IXGELZX XGHJ Ha uHTepBaje [s, T| npu yclioBuu,
YTO B HayaJle MCCJelIOBaHUS OH HaxoAWJICAd B Mpenenax AOMYCTUMON
obnactu G;.
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Hns r= 1, (ckaispHblii caydait) BeposiTHOCTh U(x, §) sIBISIETCS apry-
MeHTOM IUdbEepeHIUATBHOTO YPABHEHUS B YACTHBIX TPOMU3BOAHBIX

aU(xs) ( )BU(xs) b( )8 U(xs)

npu HavaabHoM ycioBuu U(x, T)=1. Tlocine 3ameHBl TEpeMEHHBIX
t= T — s, ypaBHeHUe (6.4) IpUMeET BUJ

(6.4)

6U(x,t) oUu (x,t) 1 o'U (x,t) _
T: a(x,t)T+Eb(x,t)T, U(x, tO) =1. (65)

O4eBHIHO, 4YTO MpsIMOMy (BTopoMy) ypaBHeHuio Dokkepa-Ilianka-
KonmoropoBa ynoBieTBopsieT Tak:Ke IJIOTHOCTb BEPOSITHOCTH p(X, £):

517(" 0__ [a(x Np(x, t)}+——[b(x Hp(x.1)], plx, 1,) = p,(x). (6.6)

B peanbHBIX yCIOBUSIX 9KCIUTyaTalluM PaIUOTEXHUUECKOTO KOMILIEK-
ca TpebyeTcsl CUHTe3MPOBaTh pellieHrs ypaBHeHU (6.4)—(6.6) 1t ciryvast
(byHKIIMOHAJIBHOI 3aBUCUMOCTH UCCIIEMyeEMOTO Tpollecca OT TapaMeTpoB
e QcR” (HayaabHBIX ¥ TPAHUYHBLIX YCIOBHil, BHELIHEWH Cpenbl, pe-
aJTbHBIX YCJIOBUI (DYHKIIMOHUPOBAHUS PAAMOTEXHUUECKOTO KOMILIEKCa,
MTHOBEHHBIX BO3IEHCTBUI U T.11.). K unciy Takux mapamMeTpoB OTHOCST-
csl, HarpuMep, KOHCTaHThI, (PUTYPUPYIOIINE B HAYaJIbHBIX U TPAHUYHBIX
YCIOBUSIX, @ TakKXe KOHCTAHTBI, OT KOTOPBIX 3aBUCAT KOI(DPUIIMEHTHI
cHoca u nuddy3un uccienyeMbIX 9BOJIOIMOHHBIX YpaBHeHWIA. [paHUIIbI
3aal0TCsl TPEOOBAHUSIMU HOPMATUBHBIX M IKCIUTyaTallMOHHBIX TOKYMEH-
toB. Torna

U(x,o,5)= P{x(w,t)e Gy, Vie[s,T] |x(c0,s)e Gﬂ}. (6.7)
Ypasuenue (6.6) npeoOpa3yercs B CeaylOLIee:
ap();(n,t):_a(x’w’t)ép(x o, t) b(x N t)é p(x o, t)
P(x, ©, 1) = py(x, ®). (6.8)

MaremaTr4ecKast IOCTAHOBKA 3aJa4i OLEHKM TEXHUYECKOTO COCTOS -
HHS PaIMOTEXHUYECKUX KOMIUIEKCOB C UCITOJIb30BAHUEM 3BOTIOLIMOHHBIX
MoJieJieli OyeT BhIMISICTD CIEMYIONIUM 00pa3oM.
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Hccnenyem B HOPMHUPOBaHHOM MpPOCTpaHCTBE W, muddysnoHHoe
YpaBHEHUE B YACTHBIX MPOU3BOMHBIX IS F~-MEPHOTO MapKOBCKOTO MpO-
ecca x(7)

op(x,ot ,
%) 10 {p(x.o0)};
t
pix, 0,0 e W,xe Xc R, teT R, (6.9)

rae Lf;')[ — orepaTop ypaBHEHUS (alpPUOPHBINA WIM arnocTepuopHbIit). Bun
orieparopa L((,:,)t 3aBUCHUT OT BEILIECTBEHHOTO BEKTOPHOIO MapaMeTpa ®, 3Ha-
YeHUSsI KOTOPOTO HAXOISTCsI B OTpaHUYEHHOM BBITYyKJIO# obnmactu QQ < R™.

.
Pemenue p(x,o,7) ypapHenus (6.9) u1s BeceX @ € Q € R™ orpaHnym-
BAETCS JOTOTHUTEIBHBIM YCJIOBHSM

Fj(};(xaw»t))‘x,,)eg ¢,(S): i=LL, j=LL, (6.10)

rie I', — HenpepbIBHbII JIMHEHHBIA oneparop, AedcTyomuit B W S, —
MHOF006paSI/Ie B 0671acT X x T, [IpK 3TOM, YHCIIO €r0 U3MEPEHUIl MEHb-
ue r + 1; ¢(S)) — 3anaHHast pyHKLUMSI, MMEIOLLIAst ONPele/ICHIe Ha MHOTO-
oGpasuu S..

CoorHouieHue (6.10) onpenensieTcss Ha4albHbIMU U TPAHUYHBIMU YC-
JIOBUSIMU ypaBHeHuUs . [IpubmmkeHHoe pelieHue (6.9) 3amuiieM B CIeay-
IOILIEM BHE

pro)=Y @ (0. 1, (), (6.11)

rme {Y,- (x, t)}le — cucTema JIMHEWHbIX QyHKIMIi, KOoTopasi o0pa3yeT 6a3uc
B HODMUPOBaHHOM MOANPOCTPaHCTBE W W {Ci (0))}[:1 — KoadduireH-

Thl pelenust ypasHenus (6.11). [ina sbraucienns Ko3GOuumeHTos ¢ (o)
MPUMEHSIETCS. METO/I, KOTOPbIii MO3BOJISIET IMOJYYUTh OECKOHEYHYIO CH-
CTEMY JIMHEMHBIX aire0panyecKux ypaBHEHUIA:

A((o)c((o)z B((D), oeQ, (6.12)
e A(o)= [% (o), i,j= 1,2,...] — wMarpuna  (GecKOHeYHOMepHas);
B(w)=[b,(w), i=12,.]— Bextop-cronGer (Takxe GECKOHEUHOMEPHII);

c(w)= I:Ci (o), i= 1,2,...} — BEKTOP-CTOJIOEL] UICKOMBIX KO(PPHULIMEHTOB.
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TakuMm o6Gpa3omM, oTbickaHue perneHust (6.11) 3akmouaercss B pe-
IIeHUA OECKOHEYHON CUCTEMBI JIMHEUHBIX alrebpandyeckKux ypaBHEHUM
(6.12). IIpu aTOM TpebyeTcsT PeIIUTh BeChMa CIOXHYIO 3a1ady Mmpeodpa-
30BaHUsI OECKOHEYHOUN CHUCTEMBI TUHEWHBIX aIreOpanvyecKux ypaBHEHUN
B KOHEUHYI0O cucteMy. PemeHue 3Toii 3amadyu oOycIaBIMBAET TOYHOCTH
penrenus (6.9), a, cliemoBaTeIbHO, M TOYHOCTh OLICHKU TEXHUIECKOTO CO-
CTOSIHUS PAIUOTEXHUYECKOTO KOMITJIEKCA.

TakuMm obpa3om, mpoOsiemMa 3aKIYaeTcs B OTBHICKAHWUU DEIIeHUM
ypaBHeHUs (6.9) Mpy TONOJHUTEIEHOM yeaoBuH (6.10) mis nanbHei1ero
HCTIOJIb30BAHUS B 3a/1ayax OLIEHKU TEXHUYECKOTO COCTOSIHUS PaauoTeX-
HHMYECKOTO KOMITIeKca. PemeHus ypaBHeHHs (6.9) MO3BOJSIIOT OLIEHUTh
MapaMeTPUIECKyl0 HAAEXKHOCTb PAAUOTEXHUYECKUX B HA3HAYEHHBIX TOY-
Kax MHTepBaJla BpEMEHU, BPEMS JOCTUXKEHUS TPAHULL JOITYCTUMOU 00ia-
CTH, 3a7aTh IOMYCKa U OTPaHWYEHUS Ha TTapaMEeTPhI U TaK Jajee.

[MapameTpuyeckass HaleXHOCTb KOMILUIEKCA KaK €IWHOW CUCTEMBbI
BBIYMCIISIETCS] TIpY HadasibHOM ycnoBuu U(x, o, 7) = 1 1 moriomaronmx
rpaHuIIaX o6IacTH JOMYCTUMBIX 3HaueHuit. Eciu p (X, o, f) — IJIOTHOCTh
BEPOSITHOCTH BPEMEHM JOCTMKEHUSI TPAHUIIBI JTOITyCTUMON obnactu G,
TO OTHOMEPHBIE MOMEHTHI BPEMEHU MEePECeYEHUsT MPOLECCOM x(®, f) Tpa-
HUIIBI 3TOW 00JIACTHU:

T, (co):J‘t"pT (x,0,0)dt,n=1,2, ..
0

B ciiyuae ecnu onpenesnieHo 3HaUeHUE TTapaMETPUUYECKOM HaleXKHOCTH
U (%0, x), BpeMsl TIEPBOTO BBIXOJIa XapaKTEPUCTUK OOBEKTA HA IPAHUILY
00J1aCTH TOMTYCTUMBIX 3HAYEHU A ITapaMeTpa MOXHO OTBICKATh ITyTEM YHC-
JIECHHOTO peIleHUs] ypaBHEHUS

7(®)=[U (tox)dr

s onpeneneHus: NONMYyCKOB U OTPaHUYEHUI Ha mapamMeTphbl, Xa-
PaKTEPUIYIOIIUX TEXHUYECKOE COCTOSIHUE PaJUOTEXHUYECKOTO KOM-
IJIeKca, He0OXOAMMO TPU alpPUOPU 3aJlaHHOU BEPOSITHOCTU HOpMaJsib-
HOTO (PYHKUMOHMPOBaHUsA P, () KOMIUIEKCA OTBICKATh DEIIEHUE
CJIEAYIOIIETO YPaBHEHUS

Po(©) =p(x € G);  Puyl®) = plx < G,
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CylecTByIOIIMe B HACTOSIIEE BPEMST CUCTEMbI KOHTPOJIST HE 00ecTieun-
BalOT PeaTM3aINIO0 AJITOPUTMOB OIIEHKM TEXHUYECKOTO COCTOSTHUS U PEIIIeHUST
YKa3aHHBIX BbIlIe ypaBHEHUH. B cBsIi3M ¢ aTMM TpebyeTcs co3naHue TIpUHIIN-
TMAATEHO HOBBIX CUCTEM KOHTPOJISI, OCHOBAHHBIX Ha MU(D(MY3MOHHBIX MOIEIISIX.

BakHeimumii yacTHBIN TTOKa3aTeslb KauecTBa OLEHKM TEXHUYECKOTO
COCTOSTHUSI paIMOTEXHUYECKOTO KOMILJIEKCAa — TOYHOCTh, KOTOpasi Orpe-

*
JCJIACTCA CTCIICHBIO COBIIaACHMA PE3YyJIbTaTa OLCHKN x((o, tl‘l) W ICUCTBU-

TCJIbHLIX PE3YyJIbTaTOB I/ISMCPGHI/IVI )%((D,tn ), BbITIOJIHCHHBLIX B 3aJaHHbLIC
MOMCHTBI BpEMCHMU. ToyHOCTB OLIEHKU XapakKTepU3yeTcCAd OTHOCUTEJIbHOM

TOTPEITHOCTHIO Ax(m, t )[fc(co, ty )T, KOTOpasi B OCHOBHOM 3aBHCHUT OT
TOYHOCTH pereHust ypaBHeHUsT Pokkepa-Ilnanka-Kommoroposa. Ilpu
pa3IMYHBIX BapHaHTaX MOCTAHOBKM 3aladyld MOTYT MCIIOJIb30BAThCS NIPY-
rMe JacTHBIC TTOKAa3aTeIM KadyecTBa, HAIpUMep, ObICTpomeiicTBhe (Ore-
PaTUBHOCTH). BRICTpOomeiicTBIIE 11e1eco00pa3HO MPUMEHSITh KaK YaCTHBIN
TOKa3aTe)Ib KaYeCTBa OLIEHKN COCTOSITHUS PAIUOTEXHUIECKOTO KOMITIEKCa
B YCJIOBUSIX HEIITATHO# 3KCILTyaTaIlNu.

6.4. ONOPHO-IIPOEKIIVIOHHDIN MEeTO/ pPelleHNsI 9BOAIOIIMOHHBIX
YPaBHEHMII B 3a4a49aX OLIeHKM CTOXaCTUIeCKMX
XapakTepuUCTVK PajriOTeXHU4IeCKOTO KOMILAeKca

6.4.1. O11eHKa COCTOSTHUSI PaalOTeXHUYECKOTO KOMILIEKCa Ha OCHO-
BE€ 9BOJIIOLIMOHHBIX YPaBHEHMI B ITapaMeTPHUECKOIl (hopMe BBITIOJIHSIETCS
CIIEIYIONIUM 00pa3oM.

VYpaBHeHue (6.9) u kpaeBbie ycioBus (6.10) mpeacTaBUM B BUIE OTHO-
IO TOYHOT'O OITepaTOPHOTro ypaBHeHuUd [6.7, 6.11—6.13]:

p(xot)-AF (0)p(xot)=f(x,00), fAx,o,0H)eW, (6.13)

rne F(w) — TMHelHbIA HelmpepbIBHbIIA OMepaTop, N1eUCTBYIOIINI B HOPMMU-
POBaHHOM TIPOCTpaHCTBE W, 37eMEeHTBhI KOTOPOTO YIOBJIETBOPSIIOT YCIIO-
BusiM (6.10), A — HeKOTOpast MOCTOSIHHAS; f(x, ®, 1) — 3agaHHasd PYHKLM
n3 W. IlocTosiHHas A He SIBJISIETCST XapaKTePUCTUIECKMM 3HAUEHWEM OTle-
patopa F(®) 1711 Bcex € €,

PaccMOTpUM B IpoCTpaHCTBe W MOJTHOE MOAMPOCTPaHCTBO W, B KO-
TOPOM 3afaHO MpUOJIMXeHHOe (0 OTHOILIEeHMIO K (6.13)) omepaTopHoe
ypaBHEHUE

p(x,0,6)=A PF(0)p(x,o,t)=Pf (x,0,t), (6.14)
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rae P — HenpephIBHBINA JMHEUHbIA oreparop, npoeKTpr}omm/I po-
CTpaHCTBO W Ha TMOANpPOCTPaHCTBO W, Uil Kotoporo PW =W, P>= P.
CuuTaeM, YTO BBITIOJHSIIOTCS YCIOBUS: ~

1) mobomy p(x, , f) € W COOTBETCTBYET BJIEMEHT ﬁ(x,(o, t)e W ta-
KO, 4TO

|7 (@)p(v.0.0)=p(x.0.0] <,

2) B IOANPOCTPAHCTBe W MMeeTcst a1eMeHT [ (x,0,t)e W, st koToporo
"f (x, m,t)—f(x, o, t)" <m, "f (x, o, t)”,

TJIE 1, 3aBUCHT OT f(x, , 1).
Jlio6oii anemenT P (x,®, ) eIMHCTBEHHBIM 06PA30M ONPENIENEH B BUJIE

o)=Y e (@, (w0, 7,(x )< 7, (6.15)

r1e 3J€MEHTHI {y (X, 7)} 0Opasyior 6asuc B .
JOMOMTHUTENBHO, CYUTAEM 33aJAHHOM IOJHYIO CUCTEMY {Dj} JINHE -
HbIX (DYHKIMOHAJIOB, IJIs1 KOTOPOIi U3 PABEHCTB

D [p(xe 0)]=0,j=1,2, ..,

caenyer [)(x,oa, t)=0. CnenoBatesibHO, BMeCTO (6.14) MOXHO pacCMOTpPETh
CUCTEMY PaBEHCTB

D,[P(I-MF (0))p(x.0.t)]=D,[ Pf (x.o.t)], j=1,2,

roe I — emuHWYHBINM omepaTtop. OTBHICKMBAsI MCIIOJIb3yeMOE B 3amadax
OLICHKU TEXHUYECKOTO COCTOSHUSI PagUOTEXHMYECKMX KOMILIEKCOB pe-
weHue ypaBHeHus (6.14) B Bume (6.15), monydyuM mapamMeTpU30BaHHYIO
CHCTeMY JIMHEMHBIX aJredpandecKrx ypaBHeHU (MeTona [amepkuHa):

kZ::Ck (@)D, [Yk (X,t)} _Kgck (0)D, [PF (o), (x,t)} =D, [Pf (x o),t)],
J=12,.. (6.16)

Eciu cucrema {D j} OuopToroHajibHa 6asucy {Y « (s t)}, TO
¢, (@)=Y ¢, (@)D, [ PF (o)1, (x.1)]= D, [ Pf (x0.)p/ = 1, 2,
k=1
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B yactHOM ciyyae, ecniu W — ruibbepTOBO POCTPAHCTBO, a P — ome-
paTop OPTOrOHAIBHOTO MPOEKTHPOBAHUA, TO, CYMTas cucteMy {y (x, 1)}
OPTOTOHAJIBHOM:

¢, (w) —Kgck (oa)(F((o)yk (x.0)., (x,t)> = (f (xo,1),y (x,t)> J=1,2, .., (6.17)

rae (,) — CHMBOJI, O3HAYalOLIUil CKalsgpHOe Ipou3sBeaeHue. Cucremy
(6.17) npeacraBum B hopme

¢, (@)-2Da, (o) (0)=b,(w),j=1,2, ... (6.18)
k=1
ITo otHOwEeHUO K (6.18) cunTaem, 4ToO
Y as @) <o Xfp, @) < (6.19)
Jil=k Jj=1

a ee pelIeHne c((o) = {c1 ((x)),::2 (m),} TMOAYMHEHO YCIOBHIO

2

0 |
Yle, (o)) <o, 0 Q. (6.20)
k=1

TakuM oOpa3oM, 3amada CMHTE3a MapaMeTpU30BaHHOTO TTPUOIKEH-
HOTO peleHust ypaBHeHus (6.9) ¢ rpaHUIHBIMY yeaoBussMu (6.10) mipu-
BOIMT K 3a7aye OTHICKAHWs pelleHUs] OECKOHEYHOM CHCTeMBbl JIMHEHHBIX
anredbpanyecKux ypaBHeHuUii (6.18).

6.4.2. IlepeiineM K 000CHOBAHMIO METOJA PEAYKLMHM K 3ajade K 3a1a-
Ye OIEHKU COCTOSTHMSI PaIMOTEXHUYECKUX KOMILIEKCOB. JlaHHBIN MeTO.
SIBJISIETCSI CAMBIM M3BECTHBIM MeTomoM peieHus (6.18) [6.10, 6.13, 6.14],
KOTOPBIN 3aK/II0YaeTcsl B 3aMEIIeHN OECKOHEUYHOW CHCTEMBI JIMHEHHBIX
anre6panyecKux ypaBHeHUH (6.18) KoHeUHOM (yceUeHHO)

¢, (©)-1Ya, (@), (@)=b, (), j=In, (6.21)

peleHue KOTopoii ¢, ()= {C,z,- (), j= Ln} paccMaTpuBaeTCsl B KaueCcTBe

MPUOIMKEHHOTO peleHus cucteMbl (6.18). [Ipu 3ToM ToJKHA GBITH 06e-
ClieyeHa HeoOXOAuMas TOYHOCTU MPUOIVIKEHUS, KOTOopasi TapaHTUPYeT
TpedyeMoe KaueCTBO OLIEHKU CTOXaCTUYECKUX XapaKTEPUCTUK PATUOTEX-
HUYECKOT0 KOMILJIEKCA.
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[pencraBum GeckoHeuHylo cucteMy (6.18) ¢ yuetom (6.19) u (6.20)
KaK OJIHO OIlepaTOpHOe ypaBHEHNE B OAHAXOBOM IIPOCTPAHCTBE:

c(0)-2K (0)c(w)=b(o), (6.22)
e c(co):{c1 (0).¢, (©), ... }; b(co):{b1 (0).5, (©), ... }; K(w) — Hemnpe-

PBIBHBIN JTMHENHBIN KOMITAKTHBIN OMEpaTop B /2, KOTOPBI OIPEaeIIsIeTCs
JUIA BeeX o € Q Matpuueit A((D)Z {ajk ((0), Jk=12, .. } cucreMsl (6.18),

”c ((,3)"1Z { |Ck (@)| } Mo aHanoruu cucteMy (6.21) paccMOTPUM B KO-

HEYHOMEPHOM TpOCTpaHcTBe C, = /%
¢, (@)-AK, (0)c, (0)=b, (o),

rae ¢, (‘D):{ (@), j:n} u b, (m)Z{b(@) jZE} a mpubnu-
XKeHHbI onepatop K (o) OyIeT ONpenensaThes YCeYeHHOM ManI/I—

ueii 4, (0)={a, (), jk=Ln}, ¢, (@) _[z|ck (w)|}

Kpome H.' mpocrparcts C u C, BBeleM BCIIOMOTrarejbHOe TIpo-
CTPAaHCTBO C[n] c P, BKIOUapllee 3JIEMEHTHI, BCE KOOPIMHATBHI KO-
TOPBIX, HauMHasg ¢ (n+ 1)-i, paBHbl Hymo. OO6osHaunMm uepes H,
HETpepbIBHBIA JTMHEHHBIN OmepaTop, OTOOpaKaIOIINiA C[n] B3aUMHO OII-
HO3HayHO Ha C , TO €CTb CTaBSALIMI B COOTBETCTBUE KaXIOMY DJIEMEHTY

i (0)= {c] (0).¢; (®),....c, (©),0,0, }E Cl,] COOTBETCTBYIOIIMIA SMEMEHT

C, (O))z{cj (03)»] =1,n}€ C,. BriomHe ecTecTBEHHO, UYTO CYLIECTBYET 00-
patHblii oneparop . Hapsmy ¢ H cyiiecTByeT TakKe HETPEPBIBHbIN JIK-
HelHbIi omepatop Q, ABJIAIOIIMIACS TPOAOJIKEHMEM oreparopa H , To
ecTh otobpakarommit C Ha Cn U coBnajawmommii ¢ H Ha C[n]. Omnepatop

Q, CONOCTaBJISIET 3JIEMEHTY C(CO)= {01 (oo),c2 (0)), }6 C=10" snement
¢, (©)={¢; (), j=1nfeC, =1
6 (©)=0,¢(0)={a ()¢, (@), (@)} ;. (6.24)

OueBUAHO, YTO

(AR
&, (@)#,4, (03)— QnF(co)c[n] ((o)" = 0; (6.25)
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|& (@)e(@)-[& (@)

[ 5 S| -
| £ S @ Tt | <okl

(6.26)

j=n+1 k=

rae nox [K(w)c(w)], MOHMMAETCa Tak Ha3bIBAEMbBIA «yCEYEHHbI» e~
MEHT, KOTOPBIN MojydaeTcss u3 sneMeHTa K(w)c(w) € P myrem 3aMeHbI
BCEX KOOpAMHAT, HAaYMHas ¢ (n + 1)-1i, HyIsIMH,

5, —sup{ > Z| a, () } Q. (6.27)

Jj=n+1 k=1

[MockonbKy BhIMONHSAETCA yenosue (6.9), T0 6, — 0 npu n — oo,
Kpowme Toro,

fe)-Te@ || o o) | n ol

e p, —sup{ > |b (co)| /Z|b ((x))| } ,o € Q. TTpn 31oM P, — 0 1Ip 1 — 0.

j=n+1

TakuM 00pa3oM, M3 BBIIIECKA3aHHOTO MOXHO CIEJaTh BBIBOM, 4YTO
€CJIV A He SIBJISIETCS XapaKTepUCTUYECKUM 3HadeHueM (6.18), To mig mio-
0oro 3agaHHOrO ® € Q Mpu OONBIINX 3HAYECHUSIX 1 CI/ICTeMa (6.21) nme-

* * *
eT pellieHue OTHOCUTENbHO ¢, (®)= {Cm (©).¢,, (©),...rc,, (). TIpu 3TOM
NpUOIMIKEHHBIE  PEIeHUs Z‘[,,] (0)= {c; (), c:2 (®),....c,, (0)) 0,0, }

cxonsTest K TouHoMmy ¢ (o).
CKOpPOCTb CXOIMMOCTH XapaKTePU3YeTCsl CIETYIONIMM HEPABEHCTBOM

e(0)-H,' €, (0)] = (©) -y (@)

rie ¢(®) u ¢, (o) — pemenus cuctem (6.18) u (6.21) COOTBETCTBEHHO;
g,> 01 g,> 0 — MOCTOSIHHBIE, HE 3aBUCSLINE OT ® U 7.

<¢0,+qn,, ©eQ, (6.28)

* *
Takum o6pasom, uTo Kaxuas koopauHata ¢, () sektopa ¢(®) or-
* 5 —
JIMYAETCS OT KaXI0# KoopauHarthi ¢, (®) Bexropa ¢, () mrst Beex & =1,n
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*
U © € Q Ha Malyl0 BEJIMUMHY, a NpU k > 1 KOOpIUHATA C; (0)) IUISL BCEeX
o € Q cTtpemutcs K Hymo. Kpome Toro, mMeer MeCcTo CXOTUMOCTD

limc:k (m):gk (o), k=1,2,...

6.4.3. llepeitneM K aHaJIM3y pellleHUs 3aJa4l OLIEHKU COCTOSIHUS pa-
MMOTEXHUYECKOTo KoMmIuiekca. He cHMxas oOIIHOCTU pacCyXAeHUl, 10-
myctd ® € Q < R'. Tlycth B obsactu () 3amaH HAbOp «peTIepPHBIX» TOYEK

(y3710B) (G i=1,_N. Kaxnomy Habopy mapamMeTpoB ® , ® , TI0-

N)
* * *
CTaBUM B COOTBETCTBUE CEMEWCTBO Cn ((D(l)) »Cn (0)(2)) 5eeesCn ((D(N)) TOYHBIX

pemenuii (6.21), To ecTb C;j (('O(i))_ lg a; (m(i)) c;. (co(l.)) =b, (('0(1‘))’ j=1n,

iel,N. Peluenus ¢, (03(,-)) MOTYT OBITh ITOCTPOEHBI IO Hauyajla HEerocpe.-
CTBEHHOI1 OLIEHKU TEXHUYECKOTO COCTOSIHUS U ITIOMELLEHBI B TaMsITh DBM.
PaccMoTpuM anropuT™ OTBICKAHUS MPUOIMKEHHOTO TapaMeTpu30-

BaHHOTO petuenus ¢, (®)= {5,,1 (0).¢,, (®),....C,, (60)} cucreMsl (6.21) s
BcexX » € Q. Mcronb3yst JaHHOE pelLleHre, TOCTPOUM BEKTOP

&y (@)= {1 (©).6,,(0)....¢,, (0),0,0, .. }=H,'¢, (o),

KOTOPBII TPUMEM B Ka4eCTBE MPUOIMKEHHOTO MapaMeTPpU30BaHHOTO pelie-
Hus cucteMbl (6.18). [Tpu aToM 06ecrieurBaeTCs BHIMTOJHEHME HEPaBEHCTBA

¢ (0) &, ()] = sup|c (o)~ 1,2, ()

re 8, , — TIOJIOKHUTENbHAS MOCTOSIHHASI, KOTOPas 3alaeT TPaHULLY JOMy-
CTUMOI TTOTPELTHOCTH BEIYUCIIEHMIA 11T KOHKPETHOTO PagMOTEXHUYECKO-
r'0 KOMIIJIEKCA.

BriojiHe OYEBMIHO, YTO KOJMUYECTBO W PACIIOJIOXEHNE HAOOPOB Y3-
JIOB ® ), ® ), - ® ) OTPEAEIAETCS 06IACTBIO (2, & TAKKE HEOOXOLMMOIH
KOHEYHOM MOTPEITHOCTRIO TTOCTPOEHHUS TTAPAMETPU3OBAHHOTO PELIEHUS
cucremsr (6.18).

Jlsl 3a1aHHOTO j €1, n OCTABUM B COOTBETCTBHME y3/1aM ©

(1 (1)(2),

<8,y 0eQ, (6.29)

sup =sup
(o] [0}

> Py
* * *
., ®, Habop gmcen ¢, (m(l)),cw (co(z)),...,cnj (oa(N)), KOTOpBII COOTBET-

CTBYCT j—M KoopauHaTtaM MNpeABApUTCIbHO CHUMHTE3MPOBAHHDBIX pe]_HeHI/Iﬁ

C*,, (60(1)), C*n ((D(z))ﬂ“" C*n ((’O(N)) cucteMbl (6.21). BpimoaHUM mpouenypy
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WHTEPIIOJISALMU IJAHHOTO HA00Pa C UCIIOJIb30BAHUEM CKAAPHO# (DyHKLIMM
\y”j(co) =0 (o, vj), v, € R¥, jel, n, TOe BeKTOp K03(D(PULIIEHTOB v, = v,
Vs -y Vb BBIYMCISCTCS M3 PEIICHHSI CUCTEMBI JIMHEHHBIX aredpante-
CKUX YpaBHEHUI

Vo (‘%)) (‘*’()’ ,) Cnj (%)) = (6.30)

W3 Beipaxenus (6.30) ciaemyeT, 4To K03 GULIMEHTI v, BBIOMPAIOT-
Csl TaKuM 00pa3oM, 4TOOBI 3HAYEHUS , (m) COBITAJAJIA CO 3Ha‘{eHI/I${MI/I

C, (oa) B N ysnax uHTepronsauuu. Pemenuem (6.30) Oymer BEKTOp KO-

3G GULMEHTOB V/ = {Vﬂ(, k=1,N } Jlanee 1Mo aHAJIOIMU TPOBOIUTCH WH-
TEPTOJISAIMS UIS BceX j =1,n, TO €CTh OIpeaessieTcss Habop MmapaMeTpu-
30BaHHBIX KO3(DPUIUEHTOB ¥, (®), Y, ,(0), ..., ¥, (©), 00eCTIEeYNBAIOIINX

BBITIOJTHEHHE XapaKTepucTuyeckoro cpoiictsa (6.30). JaHHble Koadhdu-
IIMEHTHI MCITOJIB3YIOTCSI KaK IMapaMeTpU30BaHHbIE KOOPAWHATHI TTPUOIN-

xenHoro pewenns ¢, (0)={, (0),¢,, (0)....¢,, (o)} cucrems (6.21), To
ects ¢, (0) =y, (o). Ipu otoM

2, (00)=". (00)=0, ( O): V”] =¢,(0). i=LN, (63D
rie Yo (oo(,.)) - {%1 (“)c))""nz (w([)),.--,\v,,,, (‘%))};

0, (m(i),an = {Gn (m(i),vl),en [m(i),vzj,...,en (m(l,),vn j}

ITpuBenennbie dhopmyisl (6.30), (6.31) yKa3sIBalOT, YTO CHHTE3UPO-
BaHHOE MPUOJIMXKEHHOE pelleHue C, (0)) cucteMbl (6.21) coBnamaer ¢ €€

TOYHBIM TAPAMETPU30BAHHBIM PEIIEHUEM C, (o)) B y3J1aX UHTEPIOISALUA
©,, i=1n.
[NpubnkeHHOE TapaMeTpU30BaHHOE pelieHune (6.8) MpUHUMAaeT BUIL:

& (©)= {6, ()65 (©),.6,, (©),0,0, .. }=

. . x (6.32)
= {Gn (o),v1 ), 0, (m,v2 j,..., 0, (w,vn ),0,0, }

C TCJIbIO PCIICHUA MPAKTUYCCKUX 3ada4 OLCHUBAHUA TEXHUYCCKOTO
COCTOAHUA PAOIUOTEXHUYCCKUX KOMIUICKCOB MNPUBCACHHYIO IPOLCAYPY
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CHHTE3a MapaMeTpU30BaHHBIX pelreHnit (6.30) KOHKpPEeTU3MPYeM OTHOCH-
TEJIbHO HauboJiee pacpoOCTPAHEHHBIX METOAOB UHTEPIIOJISIIIUH.
st mapaboamveckoil MHTEPIONSIIUM Ha 0a3e CTENMEHHBIX MOJTMHOMOB

N —
v, (0)= Zv,kcok, jeln, (6.33)

e v, (©00)- vak‘”o i (%) i=LN.

PasbickuBast pemenue (6.33) mis Bcex j = l,n OTHOCHTEJIBHO V, C y4e-
TOM (6.32), TTOJTydrM COOTHOIIICHHE:

N % N« N %
% (0)= {Zv,k o', Y v, 0. v, 00,0, ... } (6.34)
k=1 k=1 k=1

&1 (00) = [0 (©0)-2 (©0)- (00)-0.0. ...} =
o @) @0 ) (0)-00. . |

rue c*" (m(i))z {cjﬂ ((o(i)),c:2 (oa(i)),...,c:" (co(,.))} — ToyHoe penieHue (6.18)

AN y37a @, € Q.
I1pu nHTepnonsauu Ha 6a3e monmHoMma JlarpaH:xa

\.,n,.(m):i%(m) jetn,
e L, (0)= ﬁ

Torna

(6.35)

o (P)
YuuTbiBasd, 4to L, (0) ) : =h J0CTaToq TO yoenuT
OCTaTOYHO NPOCTO YOETUTHCS
() Yk £, p y

B BLIITOJIHEHU M YCIIOBUA

CHE gvf"Lk (©0)=7 = c, ©0)

To ecTb,
N N« o
v, (0)= ;\an (co(k))Lk (0)= ;cn,- (co(k))Lk (), j=1,n. (6.36)
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HckoMoe mpuOIMXKEHHOE IMapaMeTPU30BAHHOE PEIIeHUE CUCTEMBbI
(6.18) GyzmeT BBITJISAETD CIACAYIOIIMM 00pa3oM:

& (0)= {gc; (w(k))Lk (w),gc; (co(k))Lk (w),...,gc;, ((o(k))Lk (@),0,0, ... } (6.37)

Beenem CJICAYIOLIC 0003HaYeHUs: AJIs1 TOUYHOTO aHAIUTUYECKOTO pe-

weHust cuctemsbl (6.18) ¢ (o) kak {C (0))} — BeKTOp, obpasylouuiicss u3

. n
c((o) IyTeM IIPeBpaIIeHUs B HYJIb BCeX KOOpAMHAT, HaunHas ¢ (n + 1)-ii,
u E[n] (0)) — NpUOIMKEeHHOe pelleHue. B pesynbraTte M1 OLIEHKW UTOrO-
BOW TMOTPENIHOCTH MOXHO HCIMOJIb30BaTh KIIACCUYECKOE HEPABEHCTBO
TpeyToJIbHUKA:

c(o)-2, (0))“ = suple ()1, (0)

()| c(@)] [+ ¢(@)] ~(0)
KonkpeTHblii BuI (6.38) 3aBUCUT OT BBIGPAHHOTO MeTOJa MHTEPIO-
2(@)—[2(&))}
)] ~5(0)

TOJIb30BaTh M3BECTHBIC (POPMYIIBI ISl OLIEHKW OCTATOYHOTO WieHa TpH-
MEHUTEJIPBHO K KOHKPETHOMY BHWIY WHTEPIOJSLMU. Pe3yIsTUpyoIyio
TOYHOCTb IIPOTHO3a BBIYMCIIECHHBIX CTOXaCTUUECKUX XapaKTePUCTUK PaIr-
OTEXHUYECKOTO KOMILJIEKCa MOXKHO OLIEHUTH ¢ IToMoIbio (6.38).

[MonyyeHHBIe BBIIIE pe3ybTaThl HECIOXHO PacIpOCTPAaHUTh HA MHO-
TOMEpPHBI ciydait, korga o € Q < R” [6.10—6.12].

6.4.4. [locTpoeHne TapaMeTPU30BaHHBIX PELICHUN 3BOJIOIIMOHHBIX
YpaBHEHWUIM B 3aa4ax OLEHKU COCTOSTHUSI PAIMOTEXHUIECKOTO KOMILIEK-
ca OCYIIECTBIISIETCS CIICAYIOIIUM 0OPa3oM.

C yuetoM (6.15) u (6.32) npubnamxeHHoe peweHue (6.13) B mapame-
TPU30BAaHHOM BHJE OYyIEeT paBHO

P, (x,0,0)=> cu(0)y, (x,1)=D 0. (0,v,)7, (x,2). (6.39)
i=1 i=1

<

sup
! weQ.  (6.38)

b

<sup +sup
[0 [a]

IIpuBoAMIACh BBILIEC.

nguuu. OlLeHKa cj1araeMoro Sup
o

Heo0X0aMMO 1C-

J1JIsI OLIEHKY BTOPOTO CJIAaraeMoro Sup
(G}
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Ipu peanuzanuu NapaboOJUIECKON MHTEPIIONALMKA Ha 0a3e CTeleH-
HBIX MOJTMHOMOB U ¢ y4eToM (6.34) u (6.39), monyyaeM peleHue

* n N«
P o(ro,t)=>>" v, o, (x1). (6.40)

i=l k=1
[Ipu peanuzanmy mapaboOIMIECKO MHTEPITOISINNA Ha 6a3e MOJIMHO-
MoB JlarpaH:xa pelieHue OyneT CASayIOLINM:

;17" (x,0,0)= Zi:Z cj”. ((o(k))Lk (@), (x.2). (6.41)

O1ieHMM KayecTBO OLIEHKM PEIlIeHMs, UCTIONb3ysl B KauecTBe IOKa-
3aresisi MOTPEIIHOCTh BBIYMCIACHUN. 3aJaldM IMPOU3BOJbHBIM 00pa3oM
f?(x , O, t), IJIs1 KOTOPOTo Ul BCeX P, (x, , t) MOXHO OIPEAEIUTh TaKOe
3HaUEHHUE A1, YTOOBI BBITIOJNHSIOCH HEPABEHCTBO:

3 (), (x0)

i=n+l

<e (6.42)

Pe3ynbTupylolilyto MorpeIiHocTh OlIEHUM Ha 0a3e HepaBeHCTBA TpeEy-
rojibHUKa

+ . (6.43)

> ¢ ()1, (x0)

i=n+l1

p(r.o.0)- p(xof)

p(ro.0)- b, (x.ond)| <

O11eHKY HOPMBI pa3HOCTHU
CJICIYIOIINX TEOPEM.

Teopema 1. Eciiv BBIIOJHSIOTCST YCIOBUS, U3JI0XEHHBIC B 1. 6.4.1 st
JII0OBIX ® € Q W CyLIecTBYeT HenpepbIBHBIN orepatop (I — APF(w))~!, To

( Pt 5 (o) (g g

e a=Jer-P] |(7-2F @)

Ha 6a3ze Teopembl 1 TeopemMbl HECIOXHO TOJYYUTh OLEHKY Pa3HO-

paccuuTaeM ¢ y4eToM

;(x,w, t)—;(x,m, )

p(x.0, z)“, (6.44)

~ * o
ctu mpubnmxennoro p (x,, £) u Tounoro p(x,, t) pemenuii. Mpu sToM
OLIEHKa Pa3HOCTH He COAEPXKUT MH(OPMALMM, UMEIOLIEH OTHOLICHHE
K TOYHOMY PELICHHUIO:

, g<1,0 e Q. (6.45)

H;(x, o.0)- p(x.0.0)| < ILH B(n o)
—-q
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C ue/bIo OleHKH pasHocT pemenuii P (X, o, £) u p, (x,o, f) B mapame-
TPU30BAaHHOM BHJE BOCITOIB3YEMCS TEOPEMOit 2.
Teopema 2. [1pu ycroBuM peaan3aiiiy TeOpEMBI 1 MMeeT MeCcTO OlIeHKa

3 é @) @) )

i=1

> ()1, (1)

i=n+l

< +

H 5 (not)-p, (o)
(6.46)
+

MuHMMM3aLKS TIEPBOTO CJIaraeéMoro B IpaBoii yactu (6.46) obecrie-
YUBAeTCsI BBIOOPOM ONTUMAIBLHOTO METOAa MHTEPIOJSIIMA U HEOOXOMH-
MOTO KOJIMYECTBA Y3IIOB O ), © ), -.., ®,,. BTOpOE caraemoe cooTBeTCTBY-
€T orpaHrYeHUIO (6.42), KOTOpOE XapaKTepr3yeTCsT TOJIBKO YKCIIOM A1.

6.4.5. PaccmoTpyM npuiMeHeHMe IIapaMeTPM30BaHHBIX pelleHi
9BOAIOIIMOHHBIX YPaBHeHUI A5 3a4a4 OLJeHKU
cocrosuamst PTK

I1n10THOCTL BEPOSITHOCTU UCCIEAYEMOIO CAyYaiiHOTO mpolecca siBJsi-
€TCS €0 OCHOBHOI XapaKTePUCTUKOM, C €€ TTOMOIIIBIO MOXKHO OIPEIeIUTD
BCE OCTaJibHbIE MapaMeTPbl XapaKTEPUCTUKMU JaHHOro mpoiecca [6.10,
6.11, 6.14]. Ilycte mapamMeTpU30BaHHOE PELLIEHNE 3BOIIOLIMOHHOTO ypaB-
HeHus (6.11) — 3TO IIOTHOCTh pacIpeneieHus BEpOSITHOCTU IlapaMeTpa
x(w, f), KOTOPHIN XapaKTepHU3yeT TEXHNIECKOE COCTOSIHIE PamroTeXHIUe-
CKoro KoMmIuiekca. B aTom ciydyae ¢pyHKIINS pacipeneiaeHus x(w, f) Ha MH-

TepBaite [d,, d ] paBHa F (x,o,t)= j p(x,0,t)dx, x € [d, d|. HauanbHble
dk
dh
MoMeHTHI Tiapametpa — M, [ x(w,1)]= ka (o,8)p(x,0,t)dx, a UeHTpab-
d,

Hble MOMEHTbI — Mg |:x (m,t)] = ;.‘B {x ((o,t)—Mk |:x ((D’t):|}k ﬁ(x’ o),t)dx,

rae kK — HoMep MoMeHTa. PaboTocrocoOHOCTh pagiuoOTEXHUUECKOTO KOM-
IJIEKCa OIPeAeIsIeTCsI 3aBUCUMOCTHIO (6.7)

C 1enpl0 MPaKTUYECKOTO IPUMEHEHUs TIOJYYEHHBIX pe3yJIbTaToB
OLIEHKM M MPOTHO3UPOBAHUS TEXHUYECKOTO COCTOSIHUSI HEOOXOAMMO
ONpPEIC/INTh CIICAYIOIIME OCHOBHBIC XapaKTePUCTUKU: BEPOSTHOCTb pa-
OOTOCITIOCOOHOTO COCTOSIHMSI O0BbEKTa B 3aJaHHBI MOMEHT BpEMEHM,
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BEPOSITHOCTb 0€30TKa3HOI paboThl HA MHTEpBaje MCCAEAOBaHUS, BpeMs
JIOCTUXKEHUSI TPOTHO3UPYEMBIM MapaMeTpPOM TpaHUIl AOMYCTUMOM 00Ja-
cti. BeposiTHOCTH pabOTOCIIOCOOHOIO COCTOSIHUS (pC) paauOTeXHUYECKO-
ro KOMILIeKca B 3alaHHbIi MOMEHT BpeMeHU  paBHa

d,
P, (o,)= jﬁ(x,m,t)dx,
dll

e d , d — TpaHulbl JOIyCTUMO# 001acTu.

[NpuBeneHHBIC BBIIIIE BEPOSITHOCTH SIBJISTIOTCST (DYHKITUSIMM HE TOJIBKO OT
BPEMEHU, HO U OT MapameTpa ®, KOTOPbIA XxapakTepr3yeT HaualbHbIE U Ipa-
HUYHBIE YCJIOBHSI, OCOOEHHOCTH 3KCIUTyaTallii O0bEKTa, ITapaMeTPhl BHEII-
Hel cpenbl U T.4. [IpK ycJI0BUM TOTO, UTO MapaMeTp ® OrpaHUYEH 00J1acThbiO
), XapaKTePUCTUKNA TEXHWMUYECKOTO COCTOSTHMSI KOMILTEKCa HAXOISATCS BHY-
TPU WHTEPBaJa, OTPaHMYCHHOTO MAKCUMAJIBHBIM 3HAYCHUEM BEPOSITHOCTHU
IUTST ONITUMUCTUIECKOM OIICHKN 1 MUHUMAJIBHBIM — IIJIST TApaHTUPOBAHHOIA.

Bpems T(w) nocTKeHUST 3HAUEHUEM UCCIEAYyeEMOro rapameTrpa rpa-
HUII 00JIACTH TOITYCKOB OIIPEACIISICTCSI COOTHOLICHUEM

T ()= [ B, (o.0)de = ] [ 5 (o0
0 0d,

OcrajpHbIe XapaKTePUCTUKNA PATMOTEXHUMUECKOIO KOMILIEKCa OIlpe-
JIEJISTFOTCSI TI0 AHAJIOTUU C YYETOM HEIPEepPHIBHON 3aBUCHUMOCTHU X(®, ) OT
ImapamMeTpa .

Takum oO6pa3zoM, Ha OCHOBE ITOJIYyYEHHOTO C MOMOIbIO pa3paboTaH-
HOTO METOIa MapaMeTPM30BAHHOTO PEIICHMSI SBOJIOLMOHHOIO ypaBHE-
HHUSI MOXHO OTBICKATh B aHAJIMTUYCCKOM BHUIEC 3HAYECHUS OCHOBHBIX Xa-
PaKTEPUCTUK COCTOSIHUS PAAUOTEXHUYECKOTO KOMILIEK a.

6.5. BeiBOABI

6.5.1. TeopeTrueckue U MPUKIIATHbBIE Pe3YJIbTaThl, MOJTyYEHHbIE C TIOMO-
L0 MpeJIaraéMoro OIOPHO-IIPOEKIIMOHHOIO METO/IA, TTOKA3bIBAIOT, YTO

— HE COCTaBJIIET 0COOO0r0 TPyda CUHTE3UPOBATh KCKOMOE MapaMeTpu -
30BaHHOE aHAIMTHYECKOE PEILIEHUE SBOJIOLIMOHHOIO YPaBHEHUS C 3aaH-
HOM TOYHOCTBIO, obecreunBalolieii TpedyeMoe KaueCTBO OLICHKHU Xapak-
TEPUCTUK PAIUOTEXHUYECKOTO KOMILIEKCA;

— JUIS TIOBBILIEHUSI OBICTPONEUCTBMS IIOJyYCHUS] OLIEHKU COCTOSI-
HUSI PaaMOTEXHUYECKOrO KOMIUIEKCA IPU YMCICHHOM WMHTEIrpUPOBAHUU
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YpaBHEHU, 11eJ1eCO00pa3HO UCIMOIb30BaTh METOM PENYKIIMU, a mapame-
TPU30BAHHBIE AHAIUTUYECKUE PEIIEHUS MOTYT OBITh MOCTPOEHBI C KC-
MOJIb30BAHUEM CTETIEHHBIX MOJUHOMOB U WHTEPIOISIIMOHHBIX MMOJUHO-
MoB Jlarpanxa.

6.5.2. [pennaraeMpIii IOAXOA K CHHTE3Y MapaMeTPU30BaAHHBIX aHATM-
TUYECKUX PEIICHU 9BOTIOLIMOHHBIX YPAaBHEHUI JOCTATOYHO MPOCTO pea-
J3yeTcs Ha 6a3e COBPEMEHHOW BBIYUCIUTEIbHON TEXHUKMU.

6.5.3. OnTUMaJTbHBII BEIOOP B KA4eCTBE OTMOPHBIX Y3JIOB WHTEPITOJSI-
1IMA KOpHEell MHOrowieHoB YeOrilieBa Mo3BOJsIeT MUHUMU3UPOBATh pe-
3YJBTUPYIOLIYIO MOTPEIIHOCTh PACYETOB, W, CJIEI0BATEIbHO, MOBBICUTH
TOYHOCTb OLIEHUBAHUS COCTOSIHUSI PAAUOTEXHUYECKNX KOMIUIEKCOB.

6.5.4. [lorpentHOCTh OIIEHKU CTOXaCTMYECKUX XapaKTepUCTUK pa-
JTUOTEXHUYECKUX KOMILJIEKCOB, B OCHOBHOM, OIPENEIIeTCSI Ka4eCTBOM
CHHTE3a X MapaMeTPU30BAHHBIX PEIICHUIN SBOJIOLMOHHBIX YPaBHEHUN
B aHAIUTUYECKOM BUIIE.

6.5.5. Pa3paboTka TMepCHeKTUBHBIX CHCTEM KOHTDPOJISI pamMOTeXHM-
YECKUX KOMIUJIEKCOB Ha 0a3e pa3paboTaHHOIO METOJa MO3BOJIUT BbIOpATh
TaKhe 3HAYEeHUS €ro XapakKTepHBIX MapaMeTpoB, KOTOpbIe oOecreyar
arnpuopHy 3aJaHHYIO TAPAaHTUPOBAHHYIO TOYHOCTh OLIEHKM.
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7. DYHKIIMOHAABHAS AMATHOCTUKA
DAEKTPOTEXHUYECKUX YCTPOMCTB

I10 KMHETUKE BHEIIHETO MATHUTHOTI' O I1051
(MATHUTOKUHETUYECKIN METOA)

Cykuszoe A.I.

Aunomauua — PaccmaTpuBaeTcs (PYHKIIMOHAJIbHASI TMATHOCTHKA 3JIeK-
TPOTEXHUUYECKUX YCTPOMCTB Ha OCHOBE aHAJIM3a 3aBUCMMOCTM CO3[1aBaeMOTO
UM BHellIHero MarHutHoro mnojst (BMIT) oT BpeMeHU, Ha3BAaHHOTO «KWHETH-
Ko». JlatoTcsl peKOMeHAAIMU 110 JaTYUKaM MarHUTHOTO TOJIsl JJIsi perucTpa-
1 kuHetuku BMII. OnpeneneH Kputepuil najibHei 00JacTM MarHUTHOTO
nonst. [IpuBonsiTcst pe3ynsraThl SKCIEPUMEHTATbHBIX MCCIeI0BAHNI CUIIOBOTO
TpaHchopMaTopa U TpaHC(POpMaTOPHO-BHIIPSIMUTEIbHOrO Ojioka. [lokaszaHo,
YTO C TIOMOIIbIO pervcTpaiuy 1 aHanuza BMII cunoBoro TpaHchopmaTopa
MOXHO pa3IeJuTh MH(POPMAIIUIO O pexkrMe padoThl TpaHchopMaropa Io mep-
BUYHOI 1 BTOPUYHOI OOMOTKAM, a TAKXKE€ COCTOSTHME BEHTUJIEH BBITTPSIMUTEIb-
Horo MocTa. [IpuBeneHa nHbopmalus 0 MPakKTUYECKON pealn3ali MeToa.

Karouesvie caoea — tpaHchopMaTop, BHITIPSIMUTENb, TpaHC(HOPMATOPHO-
BBITIPSIMUTEIbHBIN OJIOK, ABYXIIOJYIIEPUOIHOE BBINIPSIMIICHUE, BHEIITHEE Mar-
HUTHOE MoJjie, KUHeTHUKAa MarHUTHOTO TIOJIsI, CTIIEKTp CUTHaJa, IMarHoCThKa,
MPOTHO3.

7. FUNCTIONAL DIAGNOSIS OF ELECTRICAL DEVICE
BASED ON EXTERNAL MAGNETIC FIELD KINETICS
(MAGNETO KINETICS METHOD)

Sukiyazov A.G.

Abstract — The functional diagnosis of electrical devices based on kinetic
analysis — the analysis of produced external magnetic field (EMF) dependence
on time. Recommendations for magnetic field sensors to record the kinetics of
EMF are given. The criterion of the far magnetic field region is defined. Ex-
perimental data for power transformer and transformer-rectifier unit research
are given. It is shown that it is possible to divide the information on transformer
working mode into primary and secondary coils and rectifier bridge gate state
by EMF recording and analysis. The information on practical implementation
of the method is given.

Keywords — transformer, rectifier, transformer-rectifier unit, full-wave de-
tection, external magnetic field, magnetic field kinetics, signal spectrum, diag-
nosis, prognosis.
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7.1. IndpopMalmMoHHOe cogep KaHVe BHEIITHIX MarHMTHBIX
II0A€Vi DAeKTPOTEeXHUIECKMX YCTPOMCTB

Emé omHmM MOMEHTOM, OTHOCSIIMMCS K MHMOOPMAIIMOHHBIM TEX-
HOJIOTHSIM, OOECIICUMBAOIINM IIepeX0o] K MHHOBAIIMOHHON 3KOHOMMKE,
SIBJISIETCSl aBTOMATU3alMsl IMarHOCTUYECKUX MPOLECCOB B PAAUOTEXHUYE-
CKHX cHCTeMaX. PaccMOTpuM mpuUMeHEHNE B JUArHOCTUKE TEXHUYECKOTO
COCTOSTHUSI 00BeKTa MH(MOPMALIMOHHOTO COASPXKAHUS CO30aBaeMBIX 00b-
€KTOM BHEITHMX MarHUTHBIX ITOJICH.

IIpoiiecc ompeneneHNUsST TEXHUISCKOTO COCTOSIHUSI OOBEKTa C OIpe-
IeJICHHON TOYHOCTBIO HA3BIBACTCS TEXHUYCCKUM IHATHOCTHUPOBAHUEM
[7.1]. JlaHHBIA MpoliecC pean3yeTcsl B CUCTEME TEXHUYECKOTO JUarHo-
crupoBanus (CT/), mpencTaBisionieil COBOKYITHOCTh CPEACTB, O0BEKTa
IVATrHOCTHUPOBAHUS U MCIIOJHUTEJICH, MOATOTOBICHHBIX K IPOBEICHHUIO
IVATHOCTHPOBAHUS 110 OIIpeAeICHHBIM METOIaM K IpaBUjaM, yCTaHaB-
JINBaeMBIM B TEXHUYCCKOM MTOKYMEHTAIIMU, 0a3MPYIOIIUMCS Ha pe3yilb-
TaTax MCClieNOBaHUIA B 00JIAaCTU IMAarHOCTUKW U UX BHEAPEHWUM B Mpak-
THKY 3KCILTyaTalluMu.

B Hacrosiiee BpeMs BOIPOCHI OLICHKM TEXHUYECKOTO COCTOSTHMS
BJICKTPOTEXHUIECKIX YCTPOMCTB PEIIAIOTCS OIBYMSI BUIAMM IMATHOCTUKIL:
TEeCTOBON WM (DYHKIIMOHAILHOM. TecToBOe MMAarHOCTUPOBAHUE IMMPOKO
MpeacTaBIeHO, HaIpuMep, B padote [7.1] u cBsI3aHO ¢ MPUMEHEHUEM TeHe-
paTopa UMITYJIbCOB TECTOBBIX CUTHAJIOB, KOTOPBII MOIKIIOUASTCS K OTIETb-
HBIM YJacTKaM S3JICKTPUYCCKOM 1IN 00BEKTa KOHTPOJISL. AHAIN3 OTKIIM-
KOB Ha €ro TeCTOBbI€ BO3IEUCTBUS MO3BOJISIET MOCAEA0BATENIHLHO BBISIBIISITH
IeeKTHOCTh COCTOSTHUSI 00BheKTa. HecMOTpsT Ha IIperMyIiecTBa, JaHHBIA
CITOCO0 OTUArHOCTMKM He MOXET OBITh MCIOJb30BaH IJISI BBISIBICHUS aHO-
MaJIbHBIX PEXMMOB PaOOTHI 00BEKTa UIS CIIydas MAaIlMH HeIpepbIBHOTO
IIPOM3BOICTBEHHOTO LIMKJIA, TaK KaK IS IIPOBEACHUS IIPOLICAYPHI TECTOBO-
IO IMarHOCTUPOBAHUS TPEOYeTCS BEIBOI O0BEKTA M3 SKCILTyaTaIlH.

K rpymme (pyHKOMOHAIBHOTO AMATHOCTUPOBAHUS 3JICKTPOTEXHUUC-
CKHX YCTPOMCTB OTHOCSITCS CITOCOOBI TMAarHOCTUKU KOCBEHHBIMU METOMA-
mu [7.2, 7.3]. IX CyIITHOCTP 3aKJIIOYaeTCS B PETUCTPALIMU M3MEHEHMS BO
BpEMEHH BHEITHETO MAarHUTHOTO ITOJISI MHAYKIIMOHHEIX 3JIEMCHTOB B ITH-
Tapmiei 1enu (TpaHcGopMaTOpHl, APOCCENN CIIAXWBAIOIINX (PUIBTPOB
U T. O) Iph (PUKCHPOBAHHOM IIOJIOXKCHUM JAaTYMKAa MATHUTHOTO ITOJIS.
B manpHeIeM mist KpaTKOCTA U3MEHEHE BO BpeMEHN MarHUTHOTO TIOJISI
WJIM Xe TOKa OyneM Ha3blBaThb KMHETUMKOW COOTBETCTBYIOIIEH BEJTUYMHLI.
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Ha ocHoBaHuM aHanu3za nHdopManuu, MOJYYEHHON ¢ AaTYMKA MarHUT-
HOTO TOJS, JENaloT 3aKIIOYeHUE O TEXHUYECKOM COCTOSHMU OOBeKTa
KoHTposis. OTKJIOHEHUE MapaMeTPOB 3JEKTPOMArHUTHOTO MOJI OT HOP-
MaJIbBHOTO 3HAYEHUSI CBUIETENBCTBYET O HapylleHuu padbotel. [Tpu sTom
JAATHOCTUYECKYI0 WHGMOPMAIIMIO HECYT KaK YCPEIHEHHbIE BEIUYWHBI
napamMeTpoOB NEKTPOMATrHUTHOTO TOJISI, TAK U KUHETUKA UX U3MEHEHUS.
B nanHOI1 paboTe OCHOBHBIM HOCUTEIEM AUATHOCTUYECKON MHMOpMAIUN
paccMaTpUBaeTCd KUHETHKAa MapaMeTPOB BHEIIHETO MATrHUTHOTO IIOJIS
(BMII) snekTporexHudyeckux ycTporcTB. [log KMHETUKOW MarHWTHOTO
MoJig B JajibHelIeM OyaeM MOHUMATh 3aBUCUMOCTb UHAYKIIMU MATHUT-
HOTO TOJISI B JAaHHOW TOYKE MPOCTPAHCTBA X, J, L OT BpEMEHU — ﬁ(t, X, 2)
. B TaHHOM cityyae KOOpAWMHATBhl TOUYKM SIBJISIIOTCS MapameTpamu. Ecnu
peyb OyIeT UATU O HEKOTOPOU (PUKCUPOBAHHON TOUKE, TO A1 KPAaTKOCTH
KOOpPIMHATHBIE MMapaMeTphl OyIyT OycKaThes. PellieHue 3amay GyHKIMO-
HaJIbHOW IUArHOCTUKU MOAPAa3yMeBAET PETUCTPALINI0 KUHETUKA MAaTHUT-
HOTO TOJISI B BBIOPAHHOU TOYKE MPOCTPAHCTBA C IOMOUIBIO CIIENUATbHBIX
JAaTYNKOB MArHUTHOTO MOJsi. MCIoNb30BaHUIO BHEIIHETO MATHUTHOTO
TOJI JIEKTPOTEXHUYECKUX YCTPOMUCTB 11 AMAarHOCTUKU U MIPOTHO3a MO-
clemHee BpeMs yaesseTcsl Bce 00Jblle BHUMaHUS, Hampumep, [7.4, 7.5].
BHeniHero MarHMTHOTrO MOJiSI MO3BOJISIET Pa3BUTh METOAUKHU Tepexona
OT KOHTPOJISI MO PEMIAMEHTY K KOHTPOJIIO MO COCTOSIHUIO, YTO SIBJISIETCS
BECbMa aKTyaJbHOU 3aa4deil.

Jrobas peanpHas 3/eKTpUYEcKas MalllMHA, MOTPEOISIONIAs IEKTPU-
YEeCKHWI TOK, CO3JaeT B OKPYXXAIIIeM MPOCTPAHCTBE MAarHUTHOE ITOJIE.
Onucatp ero KOHGUTypalMuIo U CBOMCTBA MOXHO C MOMOIIBIO ypaBHE-
HUii MakcBesia U COOTBETCTBYIOIIMX MeTOMUK. OMHAKO 3TOT MYyTh XOTS
U CTPOT, HO HEOOXOAUMOCTD y4eTa BCEX TOKOB, UMEIOIIUX MECTO B MalllM-
HE, MOXET MPUBECTU K CHUXEHUIO TOYHOCTU BBIBOAOB, TaK KaK y4eCTb
BCE TOKY Y HIOAHCHI KOHCTPYKIIUU 3aTpyAHUTENbHO. [To3TOMY, HA TaHHOM
3Tane MPeArnoYTUTEbHBIMU SIBJISIIOTCS SKCIIEPUMEHTAIbHbIE UCCIEI0Ba-
HUS, TaK KaK B 3TOM CJIy4ae PeUTUHTU (PU3NYECKUX MPOLIECCOB B OOBEKTE
JUATHOCTUKU YCTAHABIUBAIOTCS €CTECTBEHHBIM ITyTEM.

MarHuTHOe 1oJie SJeKTPUIYECKON MallIMHBI CO31a€TCS OAHOBPEMEHHO
KaK TOKaMM B OOMOTKax W BUXPEBbIMU TOKAMU B MAarHUTOIPOBOJAE, TaK
Y HAMarHUYMBaeMbIM XeJie30M. sl MallluH MepeMeHHOro TOKa 3TH TOJIs
SIBJIAIOTCS TIEPEMEHHBIMU, UMEIOIIMMU YacTOTy nuTarouieir cetu. Kpome
TOTrO, MarHUTHBIE MOJIS PA3JIMYHBIX YACTEH 3JEKTPUUECKON MAIIMHBI MO-
pa3sHOMY 3aBUCAT OT PACCTOSIHUS OO TOYKM HabmoaeHus. TeopeTnyecku
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Pasdea 7

B JIIOOOV TOYKE OKPYXKAIOIIETO MPOCTPAHCTBA PE3YABTUPYIOLIEE MArHUT-
HOE T0JIE MOXET ObITh HAWAEHO MO MPUHIUIY CYIEPIIO3ULIUA MaTrHUTHBIX
MOJIEN YKa3aHHBIX BBILIE 3JIEMEHTOB. DTy 3a/layy aBTOMAaTUYECKHU BBIOJ-
HSIET U3MEPUTEIIbHBIN TpeoOpa3oBaTeib (JaTYMK) MATHUTHOTO TOJIS.

Hcnonp3oBaHWEe BHEIIHETO0 MAarHWTHOTO TOJS U PElIeHUs 3aaad
JMUATHOCTUKU DJIEKTPOTEXHUYECKUX YCTPOWCTB IO3BOJISIET PEaM30BaTh
(YHKIIMOHAIBHOE AUArHOCTUPOBAHUE OOBEKTA B IITATHOM pexXuMme, 0e3
CHSITUSL 3alIUTHOTO KOXyxa. Takasi TeXHOJOTUS AUATHOCTUKUA MOXET
OBITh OTHECEHA K Hepaspylatonieid. B 1ensx obieryeHus: aHaiu3a yaoo-
HO BMII 351eKTpOTEXHUUYECKOTrO YCTPOWCTBA YCIOBHO PA3ACJUTh Ha JBE
o0ylacTu: OJMKHIOK U JATbHIO, KaK MOKa3aHo Ha puc. 7.1. B omxHen
00JIaCTM MAarHUTHOE TMOJIE UMEET CJIOXHYIO MPOCTPAHCTBEHHO-BPEMEH-
HYI0O KOH(UTypauuio U OmpenessieTcss KOHCTPYKIMEN W KOMIIOHOBKOM
o0bekTa. Hebomnblioe n3MeHeH e TTOJ0XEeHUS WIM OPUEHTAUU JaTYMKa
B 3TO 00JIACTH, B COOTBETCTBUM C MPUHLIMUIIOM CYNEPHO3ULIUU, COIMPO-
BOXIIA€TCSI CUJIbHBIM U3MEHEHUEM (POPMBI BBIXOJHOIO CUTHAJA JaTYMKA.
CyniecTBeHHBIM CTAHOBUTCS U COOCTBEHHBI pa3mep AaTyvka. Bee 310 3a-
TPYIHSIET UAEHTU(PUKALINIO PETUCTPUPYEMON KUHETUKA MAarHUTHOTO TMOJIST
C MICKOMOI AMarHoctuyeckoi nHgopmMmaiueii. B naapHeit ob6gacti MarHuT-
HOE TT0JIE 3JIEKTPOTEXHUYECKOTO YCTPOWCTBA CITIAXUBAETCS U TTPUOJIKAET-
cs 1o (hopMe K MarHUTHOMY TTOJII0 HEKOTOPOTO COJIEHOUIA C HETMHENHBIM
CepleYHUKOM [7.6]. DTO TO3BOJISIET YIPOCTUTh aHAU3 KUHeTUKU BMIT
MPUMEHUTENBHO K 3ala4yaM JUAarHocTuku. Kak oTMevanocs BbIllIE, IEJIeHUE
obsactu BMII Ha «OAVKHIOIO» U «JATBHIO» SIBJISIETCS YCIOBHBIM, U YET-
Kas TpaHWIla MEXTY HUMHU OTCYTCTBYeT. B mepBoM NMpUOIMKEHUN MOXHO
CUYUTaTh, YTO «JATBbHSISI» O0JIACTh HAYMHAETCS C PACCTOSIHUS PaBHOTO JIU-
HEWHOMY pa3Mepy JIEKTPOTEXHUYECKOTO YCTPOUCTBA.

Ecnu B xauecTBe mpuMepa 371eKTPOTEXHUYECKOI0 YCTPOMCTBA BbIOPATh
TpaHCc(hOpMATOPHO-BBINIPAMUTENbHBIN 070K (TBDB), comepxaiuii TpaHc-
¢dopmarop, BBIMPSIMUTEIbHBIE NUOABI (MOCTOBAasI CXe€Ma), KOHIEHCATOp
¢unsrpa U morpeduTenp, To kKuHeTuka BMII, co3naBaeMoro TpaHcdhop-
MAaTOPOM B JAJIbHEN OOJIACTA OKA3bIBAETCS CBSI3AHHOWM KaK C €0 TeXHUYe-
CKHM COCTOSIHUEM, TaK U C COCTOSTHUEM 3JIEMEHTOB €r0 HArpy3Ku (IUOMIBbI,
koHpaeHcaTop ¢dwibTpa). Kpome Ttoro, mns ucnpaBHoro TBB kuHetuka
BMII nmomxHa 3aBUCETh OT HANpPSDKEHUS! HA TEPBAUYHONM OOMOTKE TpaHC-
dopmaropa 1 Toka BO BTOpU4HOi1 06MoTKe. [ToaTOMy, perucTpupysi KuHe-
Tuky BMII B panbHel 00MacTU MHAYKTUBHOTO 3JIEMEHTA 3JI€KTPOTEXHU-
YECKOT0 YCTPOWCTBA, MOXHO OCYIIECTBJISITh TUATHOCTUKY €TO JIEMEHTOB,
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He mpepbiBasi paboTy o0bekTa, murTawplierocss faHHbIM TBB. B HeKoTophix
CJIyyasix IUIsl 3TOTO He MOoTpedyeTcs 1axke BCKPbIBATh KOPITYC 0OBEKTA.

\ nons

Ilanhua:; obBnacTe

Puc. 7.1. O6nacTu BHELIHETO MAarHUTHOTO TTOJISI TpaHC(OPMATOPHO-
BBINIPSIMUTEIBHOTO TOKa CUJIOBOrO TpaHcdopmaTopa

PaccmoTpum nMcTouHMKM aHoManuii B KuHetuke BMII anexkTpoTex-
HUYECKOTO YCTPOMCTBA, KOTOPHIC CBSI3aHBI ¢ TEXHMYECKUM COCTOSTHHEM
00beKTa KOHTPOJISI U MOTYT OBITh BBIIEICHBI M3 HEE B MPOIECCe TUArHO-
cTrpoBaHUs. B 001meM ciydae OHM COCTOSIT M3 (DYHKIIMOHAIBLHO 3aKOH-
YEeHHBIX YacTei: MAarHUTOIIPOBOIIa, BXOMHON OOMOTKHM M BBEIXOMHOTO Y3Jia
[7.7]. B kauecTBe BBIXOJQHOTO y3jJa MOXET BBICTYIAThb KaK BTOpUYHAS
00MOTKa, TaK ¥ HEKOTOPBII MEXaHWYCCKMI 3JIeMEHT (ITOABIKHAS YacTh
MarHUTOIIPOBOMA B peJie WM 3JieKTpoaBuraresie). Ha puc. 7.2 mpencras-
JIeHa MOJIEJTb 3JICKTPOTEXHNIECKOTO YCTPOMCTRA.

Ha pucyHKe UCITOIB3YIOTCS CICAYIOMME 0003HAYCHMS:

i,(1), i,(f) — TOKM B IIEPBUYHOM 1 BTOPUYHOM OOMOTKaX;

L, i(D), i(0), L2, (1), i,(f)) — AHIyKTUBHOCTH MEPBUYHOM U BTO-
PUYHOI OOMOTOK;

M, ,(t,i(2), (1)) — B3auMHast MHIYKLMST OOMOTOK;

h(f) — BO3MYIITHBIN 3a30p.
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Puc. 7.2. O600111eHHAs MOJEIb 3JEKTPOTEXHUUECKOIO YCTPOCTBa

B xaxmoit yacTu 31eKTPOTEXHUYECKOTO YCTPOICTBA pa3BUBAIOTCS (pu-
3UYeCKUe MPOIECCHI, KOTOPhIE JAIOT BKJIAA B KUHETUKY MAarHUTHOTO TTOJIST
B TOYKE pa3MelleHUusi NaTunka. DTU TMPOLECChl MOXHO paccMaTpuBaTh
KaK OCHOBY UH(OPMALIMOHHOTO coaepxXaHusi KuHeTuku BMII.

1 — TOK mepBUYHOM OOMOTKM i,(f) CO31aET MarHUTHOE 101, 00ecreyn-
Baioliee paboTy BCETO ANEKTPOTEXHUIECKOTO YCTPOICTBA: HAMAarHUUMBAaHNE
MarHUTOIPOBO/IA, UHAYLIMPOBAHKE SJIEKTPUIECKOTO TOJISI BO BTOPUYHOM 00-
MOTKE, CO3MaHNE MEXaHUYECKOTO JIBVKEHUST B MATHUTOTIPOBOIE /(7).

2 — Marepran MarHMTONPOBOAA JJMEKTPUUECKON MAaIlWHBI CYIIle-
CTBEHHO HeslnHeeH. Ero MarHuTHast IpOHUIIAEMOCTh 3aBUCUT OT BEJINYU-
HBI HAMPSKEHHOCTH MAarHUTHOTO TIOJIsI, CO3/1aBaeMOTO KaK BXOMHOM Tak
1 BBIXOAHOM OOMOTKamu W = u(Z, (), i,(¢)). CloXHOe TOMEHHOE CTpOe-
HUe (HeppOMATrHETUKOB, MPUBOJISIIEE K TUCTEPE3UCY CBOMCTB, 0becTeun-
BaeT 3aBUCUMOCTb MAaTHUTHOU NMPOHUIIAEMOCTH TTPU JAHHOM MTHOBEHHOM
3HAYeHUU CWIbl TOKa OT mpenucrtopuu. [loaToMy, ¢ mUarHOCTUYECKOM
TOYKU 3PEHUsI, paboOTy BJIEKTPOTEXHUUECKOTO YCTPOICTBA Ha TEepeMeH-
HOM TOKE MOXHO paccMaTpuBaTh Kak CBOEOOPA3HOE HEMPEPhIBHOE CKa-
HUPOBaHUE TEXHUYECKOTO COCTOSIHUSI C YaCTOTOU CETH MUTAIOIIETO Ha-
TIPSDKEHUST, TIPOUCXOJISIIIEe HE3aBUCUMO OT PelllaeMbIX TUArHOCTUUECKUX
3amau. JlomeHHas CTpykKTypa (heppOMarHEeTUKOB OY€Hb YYBCTBUTEIbHA
K BHEIIITHEMY BO3[EMCTBUIO, HATIPUMED, TIOSIBIEHUIO B OMHOM 13 0OMOTOK
TOCTOSTHHOM COCTaBJISIIONIEN TOKA, IPUBOASIIEH K HAMarHUYMBAHUIO.

Kpome nomeHHO! CTPyKTYyphl MarHUTOIIPOBOM, KAaK OCHOBA MarHWT-
HOW 1IeMM DJIEKTPOTEXHUYECKOTO YCTPOWCTBA, XapaKTEpU3YeTCs Mar-
HUTHBIM COTIPOTUBIIEHUEM, 3aBUCSIINEM OT B3aUMHOTO TIOJIOXEHUS €ro
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aneMeHToB. ClieqoBaTeNIbHO, ABUXEHUE BJIEMEHTOB 3JIEKTPOTEXHUYE-
CKOTO yCTpolcTBa A(f) B mpoliecce ITATHOTO QYHKIIMOHUPOBAHUS TaKXKe
HaiaeT oTpaxkeHue B kKuHetrke BMII 1 oGecrieyut BOZBMOXHOCTb peayin-
3alMU TUAaTHOCTUPOBAHUS.

3 — MarHuTHOE MOJie BTOPUYHOU OOMOTKM HECET MOIMOJTHUTEIBbHYIO
VHGMOPMALIUIO O TEXHUYECKOM COCTOSTHUU 3JIEMEHTOB HATPY3KMU.

Takum oOpa3om, peructpupysl kuHetuky BMII B ornpeneseHHoOM ToY-
K€ OKPYXKAIOLIETO 37EKTPOTEXHUYECKOE YCTPOMCTBO MPOCTPAHCTBA, MOXHO
peain30BaTh OECKOHTAKTHYIO (DYHKIIMOHAIBHYIO TUAarHOCTUKY. Peiras 06-
paTHYIO 3aayy U3 PETUCTPUPYEMOI KUHETUKUA TOKA MOXHO BBIIEJIUTDH UH-
(opMaimio 0 MpoTEKAIOIIMX B COOTBETCTBYIOIINX YACTSIX DJIEKTPOTEXHUYE-
CKOTO YCTPOWCTBA MPOLECCaxX U OCYIIECTBISATh JUATHOCTUYECKUIA TPOTHO3.

7.2. JaTunKu AAs1 perucTpanyy KMHEeTUKM BHEITHMX
MATrHUTHBIX I10Aen

B Hacrosiee BpeMss MMeeTcsl AOCTaTOYHO OO0JIbIIOE YMCIO METO-
JIOB M CPEACTB PErucTpauuy MarHutHoro mons [7.8—7.10]. Husa pe-
meHus 3amady (YHKIUOHAJIbHOM ITUATHOCTUKU DIIEKTPOTEXHUIECCKUX
ycTpoicTB 1o kuHeTuke BMII HeoOxoauma JIMHEHHOCTb TaTYMKa Mar-
HUTHOTO TIOJIS BBICOKASI YYBCTBUTEJIBHOCTH. TpeOoBaHME K BBICOKOM
YYBCTBUTEILHOCTH SBJISIETCS CYIIECTBEHHBIM, TaK KaK IIPEIIoIaracTcs
perucTpamnysi KWHETUKA MarHUTHOTO IIOJISI B IIPOCTPAaHCTBE Ha JOCTa-
TOYHOM YIaJI€HUH OT UCTOYHUKA.

Hns1 pemieHus copMyIMPOBaHHBIX 3a1a4 (DYHKIIMOHAIBHOM THMarHO-
CTUKHM, TaTYNKX MArHUTHOTO TIOJISI TOJDKHBI YIOBICTBOPSATH CICOYIOIINM
TpeOOBaHUSIM:

— BBICOKASI YyBCTBUTEJIPHOCTD, 00ECIICUMBAIOIIAsl PETUCTPAIIMIO Mar-
HUTHOTO 1oJis ¢ paspernenneM meHee 1077...10-8 Tur;

— IMHAMMWYECKUIi auamna3oH He xyxe 102 Ti;

— JIMHEMTHOCTh BXOOHOM XapaKTePUCTUKH,

— paBHOMEpHas YaCTOTHAsI XapaKTepHUCTHKA, 00eCIIeYMBaIOIIasi TOYHOE
BOCIIPOM3BEICHNE KMHETUKY MarHUTHOTO IT0JIST 60raToii BRICIIMMU TapMO-
HUKaMU (0OBIYHO paBHOMEPHOCTD TOCTaTodHa B quara3one 0—10 xIi);

— JATIMK ITODKEH MMETh SIPKO BBIPAXKEHHYIO OCh YYBCTBUTEIILHOCTH,

Bormpochl, cBsI3aHHBIE C MTOMEXO3ALUUILIEHHOCTBIO U U30MPATENbHO-
CTBIO, SIBJISTIOTCS METOOWYECKUMMU, ITOCKOJIBKY M3 IBYX MICHTUYHBIX JaT-
YHUKOB BCETIa MOXHO M3TOTOBUTH T'PAIUEHTOMETP, ITO3BOJISIIOIIMNI KOM-
TMIEHCUPOBATh CUTHAJI OT MATHUTHBIX IT0JIEi ITOCTOPOHHUX UCTOYHUKOB.
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IIpakTyecku Bce BBIMTYCKAEMble MPOMBIIUIEHHOCTBIO CepTUGMDUIIMPO-
BaHHbIE MAarHUTOMETPHI (HAIIPUMEP, IIMPOKO PACIIPOCTPAHEHHBI MpUOOp
Il — 8) He paccuuTaHbl Ha HaAOMIONEHWE KUHETUKMA MAarHUTHOTO TMOJIS.
OO06bIYHO, KPOME OOBEMHOI0O YCPEAHEHUSI OHU OCYILIECTBIISIIOT U BPEMEHHOE
ycpeaHeHre. DTUM MOXET ObITh OOBSICHEHO OTCYTCTBUE CHUCTEMATUYECKUX
KCCIENOBAHUN KWHETUKU MAarHUTHOTO TIOJIS 3JIEKTPUYECKUMX MaluvH. Bce
5TO BBI3BAIO HEOOXOAUMOCTb CIELUATBHOIO W3TOTOBJIEHUS W3MEPUTEIb-
HBIX MpeoOpa3oBaTesieil MArHUTHOTO TOJIS [T HAOMIONEHNST KUHETUKY U UX
MEPBUYHOTO MOBEPOYHOro obecrieueHus. Mcnonb3yemble 1T perucTpaiuu
BHEIIIHETO MATrHUTHOTO TOJISI JATYUMKU PEATU3YIOT 3a1a49y U3MEPEHUs] Mar-
HUTHOTO MOJST B TPOCTPAHCTBE, MOATOMY K UX pa3MepaM XeCTKHe TpedoBa-
HUS HE MIPEIBSABIISIOTCS, TOCTATOYHBIM OKA3bIBAETCS OLIEHOYHBIN aHATIU3.

TeomeTpuuecku 000K MaTYMK MArHUTHOTO MOJISI MOXKET XapakTe-
PU30BaThCS BEJIMYMHON 00beMa UYBCTBUTEJIBHOM 00JIaCTU quB U O0LIUM
pasmepom V. MsmepsiemMast MHAYKLHMS, TIPUTUCBIBAEMasl HEKOTOPOiA TOY-
K€ MPOCTPAHCTBA, (DAKTUYECKU OTPAXKaET Pe3yJbTaT YCPEAHEHUS I 00b-
ema V, ., OCYIIECTBIISIeMBIil CAaMUM JAaTYMKOM. UeM MeHbllie 00beM, TeM
OnuXke M3MEPEeHHOE 3HAYEHUE K 3HAYCHUIO MHAYKIMU B TaHHOW TOYKE.
BrionHe o4eBUAHO, YTO PE3YJIBTaT YCPEAHEHUS! 3aBUCUT OT CTEIEHU He-
OHOPOJHOCTA MAarHUTHOro moJyisi. HeogHOpOmMHOCTh yObIBaeT Mo Mepe
YIAJEHUST OT NEKTPUYECKON MallluHbL. [ToaToMy WISt MpUOAMXKeHUs 3a-
PETUCTPUPOBAHHON KUHETUKU WHIYKIIMUA K KUHETUKE B JAHHOW TOYKE,
MPU HAJTMYUU KOHEYHOTO 00beMa YyBCTBUTEIBHOI 001aCTH, HEOOXOAUMO
CTPEMUTHCS MTPOU3BOAUTH UBMEPEHUS B JaIbHEN 001aCTH BHEIIHETO OIS
5JIEKTPUYECKOI MalluHbl. Kak 0TMeuanoch Bblllie, BIOJIHE MPUEMIIEMbBIM
YCJIOBUEM TaKOW O0JIACTU MOXKET CUYUTAThCA YAAJIEHUE JaTYMKa OT Malllu-
HBI Ha PacCTOSTHUE MOpsIKa pa3Mepa camoil MalivHbl. KonnyecTBeHHBIN
KPUTEPUIA 3TOTO MOXHO BBECTH CIEAYIOIIUM 00pa3oM. ITycTh 06beM KOH-
TPOJIMPYEMOI MAIlIMHBI paBeH V., a ee popMa IPUMEPHO COOTBETCTBYET
KyOWYeCcKOi, TOrma pacCTOSIHUE ¥, COOTBETCTBYIOLIEE AajbHEN 00IacTu
noJist 6yaeM OLIeHMBATh 1o opMyJie

r>0,53/V.

Mamr *

(7.1)

EcTecTBEHHO, 5TOT KPUTEPUIA HEJIb3S CUUTATh CTPOTHM.

Ecnu uccienoBaHus IpOU3BOAATCS B OJIIMXKHEN 00/IaCTH OIS, TO He-
00XOAMMO TPOU3BOAUTH aHAJIU3 BO3MOXHOIO BIMSHUS KOHEYHOIrO 3Ha-
yeHUs V. Ha PerucTpUpyeMYI0 KMHETUKY. 31eCh MOXHO BBIIEJIUTH IBa

qyB

KpallHUX cliy4ast.
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W3MepeHus: B najibHeil 00JacTU M MarHUMTHOE I10JiIe MOXHO CYUTATh
OIHOPOAHBIM B = B(f). B COOTBETCTBUM C ONpeAeIeHUEM CPEIHETo 3Ha-
YEeHUST UMeeM

1
B(@))=—/1|||B(t,x, y,z)dxdydz = B(?).
(B@)=—[][B,x.y,2)dxdydz = B() (6.2)

uyB V,

B ¢Bsi3u ¢ TeM, 4TO ISl TPOBEAEHUS TMAaTHOCTUKY TpeOyeTcss nH(op-
Malys 00 OTHOCUTEJIbHOM M3MEHEHUM MAarHUTHOIO I0Js1 (KUHETUKa),
JaBa€MOTI'0 JaTYMKOM, KECTKO YKPETUIEHHBIM B TAaHHOM TOYKE MPOCTPaH-
CTBa, TO aOCONIOTHOE 3HAYEHME MHAYKIIMA MAarHUTHOTO IOJISI B TaHHOM
cilyyae pojiu He urpaeT. I103ToMy XKeCTKOro MeTpoJIOrn4eckoro obecrie-
YeHUs JATYMKOB MarHUTHOTO TIOJISI TIPY PEUISHUM ITOCTaBICHHOM 3a1auu
He Tpebyercs. IlpakThueckoil 3HAYMMOCTBIO SIBJISIETCSI TOJBKO JIMHEM-
HOCTb U MTPaBUJIBHOCTb BOCITPOU3BeAeHUST (DOPMBI 3aBUCUMOCTU B = B(1).

Peimmth mocraBiieHHbIC 3aa4ll MOXHO C ITIOMOIIIbIO JaTYNKOB, pado-
TalOIIMX Ha TpeX (PU3NYeCKUX MPUHIIUIIAX:

— nHaykunoHHble gatynku (M) [6.8] — caMBlif TPpOCTOM THII, OCHO-
BaHHBIA Ha SBJEHUM 3JICKTPOMArHUTHOM MHAYKIIMU. BBIXOMHOIM CUTHAI
WHAYKIMOHHOTO AaTyMKa MPOMNOPIIMOHAJIEH CKOPOCTU U3MEHEHUSI Mar-
HUTHOTO ITOTOKA, CILIEIJIEHHOTO ¢ OOMOTKOH naTyuka. s mojydeHus
vHOOPMALIMKM 0 KUHETUKE MAarHUTHOTO ITOJISI TPpeOyeTCsl TOMOJIHUTEIbHOE
MHTETPUPOBAaHUE CUTHAJIA, YTO CHIKAeT ero 4yBCTBUTEIBHOCTh. Kpome
3TOT0, MHAYKIMOHHBIM NaTYMK MMEET HepPaBHOMEPHYIO YaCTOTHYIO Xa-
PaKTEepUCTUKY, YTO HAKJIAIbIBaeT OTIIEYaTOK Ha IPOBOIMMBIC C €ro I0o-
MOIIIbIO CIIEKTpasIbHbIE UccaenoBaHus. OnHaKO, UHIYKIIMOHHBIA TaTYMK
Haubosiee ynoOeH M MPaKTUYeCKOro MCIIOIb30BaHMS Oaromapsi BbICO-
KOl HaJeXXHOCTU, HU3KOM CTOMMOCTHU, MPOCTOTE KOHCTPYKIIMU U OTCYT-
CTBUM IMUTAHUS;

— rasibBaHoMarHuTHele aatduku (M) [6.9]. TM]I — nmoaynpoBo-
JTHUKOBBIM NaTYMKU, OCHOBaHHBIE Ha JNeHCTBUM cuiIbl JIopeHIla Ha HO-
CcUTeM ToKa B nojyrnpoBogHukKax. K ynciny 'M/I oTHOCSTCS IIMPOKO U3-
BECTHBIE TaTYMKM XoJiria [6.9, 6.10]. B mpuHLmne naTuuku XoJjuia BIIOJIHE
MOAXOMAT ISl peIIeHUs 3a1a4 (PYHKIIMOHAIbHOM JMarHOCTUKMY.

— MarHeTpoHHbIe JaTYMKK MarHuTHoro nojs (MIMIT) — cneuuanbHO
pa3paboTtaHbl Il (bYHKIMOHAJIBHOW AMarHocTuKu [6.11]. DTo yHMKaIb-
Hble U3MEPUTENIbHBIE IPE0OPa30BaTe/Ii, OCHOBAHHBIC HAa BIUSIHUM MarHUT-
HOTO TI0JIS1 Ha TPAGKTOPUIO IBMKEHUS 3JIEKTPOHOB B BaKyyMe. MarHeTpoH-
HbIE JaTYMKK 00J1aIaloT BHICOKOI YyBCTBUTEILHOCTHIO. ETo pasperarorias
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crocobHocTh MMeeT Topssnok 1077 Ti. YpoBeHb COGCTBEHHBIX IIIYMOB
npumepHo 5-10~ Ti. Kpome toro, MJIMII o6j1amaeT poBHOI 4aCTOTHOM
xapaktepuctTukoul BIioTh 10 10—15 kIir. [eomerpuueckue pasMepsl gaT-
YHKa YIOOHBI JJIS UCCIEAOBAHUS MAaTHUTHBIX TIOJIE B MPOCTPAHCTBE, YTO
aKTyaJbHO JJIS peau3aluv (PyHKIIMOHAIBHON TUATHOCTUKU.

Hanee KpaTKo pacCMOTPUM HEKOTOPBIE OCOOEHHOCTUM KOHCTPYKIIVU
HCTIOJIb30BAHHBIX B pad0TE U3MEPUTEIBbHBIX TPe0Opa30oBaTeseii KHHETUKHU
MATrHUTHOTO MOJIS.

B cooTBeTCTBUM C TPUHIIMIIOM [JEWCTBUSI MAarHETPOHHBIA JaTYUK
(BHEIIHUI BUJ MPEACTABJIEH Ha pUC. 7.3) MOXET MPUMEHSATbCI KakK IS
perucTpaluyy MOCTOSHHOTO MAarHUTHOTO TOJIS, TaK U JJ11 HAOMIONEHUS KU-
HETUKU MepeMeHHOro nojist. Co CTOPOHBI BBICOKMX YACTOT OTPaHUYEHUE
YACTOTHOM XapaKTEPUCTUKU MPOUCXOINT U3-3a BUXPEBBIX TOKOB B 3JIEKTPO-
CTaTUYECKUX 3KPaHaX, 3alIMIIAIOIIAX MAarHUTOMETP OT CUTHAJIa HaBOIKU
1o aekTpudeckoit cropone. B monenu K04 BepxHsist 9acToTa cocTaBisieT
npumepHo 15 ki (Ha ypoBHe 0,7). YacToTHas xapaKTepuCTUKa BILUIOTh O
yactothl 10 ki1 mpakTUYecKku poBHasl, a €€ NaJTbHEUIINI Cliaa — MOJOTHUIA.

Puc. 7.3. BHenrHuit BuaI MarHeTpOHHOTO JaTYMKa MarHUTHOTO moJig (Moaenb K04)

IIpu gocTaTodyHo GONMBLIOM pa3Mepe camoro matduka (20x15x40 Mm?3)
00beM V= CpaBHHUTENBHO Ml M OTPaHUYMBACTCS YACTHIO MIPOCTPAHCTBA
BHYTpY aHOIHO# obGmactu. OueHka V, Ui Hanbojee 4acTo MCIOJIb30-
BaHHBIX JaTYMKOB COCTaBMJIa BenumuuHy mopsaka 0,5 cm®. Tlostomy mist
W3MEPEHUI BHEITHETO IMOJIS B JaJbHEN 00J1aCTM MarHeTPOHHBINA JaTYUK

MOXKHO CYHUTATb TOYCUYHLIM.
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Kak mokaszan aHaim3, Hanbonee ynoOHBIMU TSI TIPOBEIEHUS IITUPO-
KOMAacCHITaOHBIX UCCIENOBAaHWI OKA3aJIUCh IBA TUIA TaTYMKOB — MarHe-
TPOHHBIN M WHAYKIIMOHHBIN. [IepBhIif JATYNK O0OECTIEYMBAET OYEHDb TOU-
HOE BOCIIpou3BeneHne (hOpMbl KWHETUKM MATHUTHOTO TIOJISI U BBICOKYIO
YYBCTBUTEILHOCTh. baromapsi 3ToMy u3ydyeHHe BHEITHETO0 MarHWTHOTO
MOJIs B JajibHEW OO0JIAaCTU 3JIEKTPUYECKMX MAIllMH C TIOMOIIbI0O MarHe-
TPOHHOTO JTATYNKA MOTJIO MIPOU3BOIUTHCS 0€3 KaKUX-TMOO0 OrpaHNYEHU.
Btopoit maTuuk 1mo3BoJisieT cpa3y moayyarb MHGOPMAaIo 0 CKOPOCTU U3-
MEHEHMS] MarHUTHOTO ToJ1s1, 6€3 1OMOJHUTEIBHOTO TPeo0pa3oBaHUs CUT-
Hasa. Kpome Toro, BRIOpaHHBIE TUTTBI TaTYMKOB pabOTAIOT HA Pa3IMYHbBIX
(usznueckmx nmpuHnMmax. [ToaToMy MX COBMECTHOE MCIIOJb30BaHUE TIO-
3BOJIUT TTOBBICUTH TOYHOCTH SKCIIEPUMEHTOB.

7.3. AnarHocTHKa TpaHcdOopMaTopa Mo KMHeTHNKe BHEeNTHIX
MArHMUTHBIX I10Aen

I monTBepKIeHUSI BO3MOXHOCTU (DYHKIIMOHAIBHOW THATHOCTUKHU
3JIEKTPOTEXHUUYECKUX YCTPOMCTB OBUIM IIPOBEACHBI SKCIIEPUMEHTAIbHbBIC
WCCJICIOBAaHUS BHEIIHETO0 MAarHUTHOTO TOJISI TUIIOBOTO MAaJOMOIITHOIO
JIBYyXxo0OMoTo4YHOTO TpaHchopmaTopa Tuma AOC-05 B pa3TUUHBIX peXXnuMax
¢yakumoHnpoBaHus. B coorBeTcTBUM ¢ puc. 7.1 KMHETMKAa MarHUTHOTO
MoJisi B JajabHe# objacty TpaHcdhopmaropa (obmacts [I) permctpupoBa-
JIach C IIOMOIIBIO CITEIIMAIbHOTO MarHeTPOHHOTO MAaTYMKa MAarHUTHOTO
nojs [7.11], ykpernieHHOro Ha crelnuanibHoM 1utatuBe. [lojoxxeHue nat-
YHKa OTHOCHUTEIIFHO TpaHC(hOopMaTOpa M OPUEHTAIIUS €TI0 OCH B IIPOIIECCe
M3MEPEeHUI He M3MEHSINCh. Pe3yabraThl 3KCIIEpUMEHTOB MPEICTaBICHBI
Ha puc. 7.4 (ceMmeiicTBa KPMBBIX, COOTBETCTBYIOIINX N3MECHEHMIO BEJIMYM-
HBI HAIIPSDKeHUS Ha TIEPBUYHOM OOMOTKE B PEXKMME XOJIOCTOTO XO/Ia U Ce-
MENCTBAa KPUBbIX, COOTBETCTBYIOLIMX U3MEHEHUIO TOKY HArpy3KU IPU I10-
CTOSTHHOM HAaIIpsDKeHUM TIEPBUYHOI OOMOTKH).

[IpoBeneHHBIC 3KCIIEpUMEHTAJIbHBIC MCCACHOBAHMS IIOKa3aad, 4TO
kuHetuka BMII cunoBoro tpaHcgopmaropa TBB mmeer moctaTtouHo
cloxXHBIN Bua. Hanbosee mHTepeCHBIM MOXHO CYMTATh (DAKT, YTO M3ME-
HEHME HaIpsDKeHUST Ha MEPBUYHOM OOMOTKE M M3MEHEHME TOKa BO BTO-
pu4yHOii 00MOTKe M3MeHsI0T BeauunuHy BMII B pa3Hble MOMEHTHI Bpe-
MeHHM. DTO MO3BOJSIET ¢ MOMOIIBIO aHanm3a KuHetnku BMII momyuats
pasneabHO MH(OPMAIIMIO O HAIIPSDKEHUU Ha IIEPBUYHOM OOMOTKE M BEJIM -
YHE TOKa BO BTOPUYHOI 0OMOTKe. I1pu aToM pasmeneHue nHbOpMaLnu
JIy4Ille BCETO IPOSIBIISICTCS B 00JIaCTU HAIIPOTUB CEPEAMHBI OOMOTKHU IIPU
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OMNpENEICHHOW OpUEHTALlMU OCU YYBCTBUTEIBHOCTU JaTyvka. [loatomy
5Ta 00J1aCTh PACTIONIOKEHUS JaTYMKA ObLIA BbIIEJEHA U Ha3BaHA 00J1aCThIO
. B apyrux Touykax BHEIIHETO MarHUTHOTO TOJST 3(GHEKT MaCKUPYeTCs
OoJiee CUITBHBIM TIOJIEM caMoro cepaedyHnka. OOHapyXeHHOe pasieieHue
nHopmannu o pabore TpaHchopMaropa MO MEPBUYHONA W BTOPUYHOM
o0MoOTKax, coaepxaleecs: B kuHetTuke BMII, MoXeT ucnoyib3oBaTbCs st
Ppa3paboTKU YCTPONUCTB (DYHKIMOHATbHOM AMarHOCTUKM. Tak, onrCcCaHHbIN
B [7.12, 7.13] crtoco® KOHTpOJsT 6JIOKOB MTUTAHUS, COAEPKAIINX CUIIOBOM
TpaHchOpMAaTop, MOJTHOCTHIO OCHOBAH HA YCTAHOBJIEHHON BO3MOXHOCTHU
paszneneHus nHGopMalu.

Poct nanpssenns Ha
nepsuYHOi o0MOTKE

i

a
YBenuueHHue Toka HAIPY3KH

0

Puc. 7.4. U3aMeHeHMe KUHETUKYM MAarHUTHOTO T0JIST B «00J1acTH »:
a — Npv U3MEHEHUM HANPSKeHUS Ha MIEpBUYHON 0OMOTKE;
6 — TIpY HEU3MEHHOW BeJIMUMHE COTIPOTUBJIEHUST HATPY3KU
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TeopeTnueckuii aHanu3 OOHAPYXXEHHOW BO3MOXHOCTU pa3iesieHUus
VHGOPMALIMU O pexXrMe paboThl TpaHC(hopMaTopa MO MEPBUYHON U BTO-
PUYHOM 0OMOTKaX M3JIoxkeH B [7.6]. B ocHOBe paccMOTpeHUSsI JIEKUT 3a-
MeHa MarHUTHOTO MOJis TpaHC(hOpMaTOpa MATHUTHBIM TOJIEM HEKOTOPO-
TO PKBUBAJIEHTHOTO JUIIOJS, COAEPXKAIIeTo ABE OOMOTKU. PaccunTaHHbIe
Ha OCHOBE 3TOM MOMAENU CeMENCTBA BBIXOJHOTO CUTHAJA JAaTYMKa Naiv
pe3yabTaThl, BECbMa TOYHO COBITAJAIONIME C SKCIIEPUMEHTOM, YTO OTpa-
>KeHOo Ha puc. 7.4.

7.4. AuarHOCTUKa BEHTUABHBIX 91€MEeHTOB
TpaHCPOPMaTOPHO-BBIIIPSIMUTEABHOTO 0A0Ka
10 KMHETVIKe BHENIHVIX MarHUTHBIX I10Ae

OOBIYHO 111 TMTAHUS PATUOINEKTPOHHBIX YCTPONCTB MCIIOJIb-
3yeTCs MOCTOSIHHOE HaIIpsiKEHHME, KOTOpPOE IOJIy4aeTCs MYTEM BbI-
MNpSIMJICHUSI HAIIPSKEHUsT BTOPUYHON OOMOTKHM. DTa 3agavya peluaercs
OONBLIMM YMCIOM CIToco00B [7.14—7.16]. B ocHOBe Bcex cxeM mpeod-
pa3oBaHUs HAMpPSDKEHUs JIEXUT paboTKa HEJIMHEMHBIX 2JIEMEHTOB —
BEHTMJIEI, KOTOpbIe MPOIYCKAIOT TOK TOJHKO B OAHOM HallpaBJIEHUMU.
Bbixoa 13 CTpPOsi BEHTMJILHOIO 3JIEMEHTa MPUBOAUT K U3MEHEHUIO YC-
JIOBUII HaMarHWYMBaHUS CepAcYHUKA TpaHchopMaTopa U HEM30EeXKHO
nposgpasgercs B kuHetuke BMII. [ToaToMy oka3biBaeTCs BO3MOXKHBIM
OCYILECTBUTh OECKOHTAKTHYIO AMAarHOCTUKY BEHTMJIbHBIX 3JIEMECHTOB
Hepa3pyllaloIuM METOIOM.

HauGonee pacnpocTpaHeHHOM CXeMOi BBIIPSIMICHUS SIBJISIETCSI MO-
cToBas IBYXITOJyIepuogHas cxema [7.14—7.16], mosToMy OHa BbIOpaHa
st u3yvyeHus. JlaGopaTopHasl yCTaHOBKA ISl MPOBEACHUSI UCCIea0Ba-
HuUil 0a3upoBajiach Ha ONKMCAHHOM B IpeablayleM naparpacde TpaHC-
(opMarope. DKcrepuMEHTHI ToKa3alu, 4To KuHeTuka BMII okasbi-
BaeTCsl YYBCTBUTEJIbHOM K COCTOSIHUIO BEHTWJILHBIX 37eMeHTOB TBD,
cxeMa KOTOpOro MpeacTaBieHa Ha puc. 7.5. MocToBasi BEITIpSIMUTEIbHAS
CcXeMa C Harpy304HbIM COIPOTUBJICHUEM OOecIieurBaia BBEACHUE UCKYC-
CTBEHHBIX Ne(eKTOB BeHTUJIeH. BeHTMIbHbBIE 3JIeMEHThI MOTYT XapaKTe-
pU30BaTbCS OMHUM M3 TPEX COCTOSIHUI: HOpMa — WMCIIPaBHBIN IMOMI, 00-
PBIB — HEMCIIPaBHOCTh 1 M Mpoboii — HemcnpaBHOCTh 2. Ecnu mo60i u3
BEHTWIbHBIX 3JIEMEHTOB XapaKTePU3yeTCsl HEUCIIPABHOCTBIO 2, TO MOCTO-
Basl cXeMa IepeBOAUT TpaHC(OPMATOP B PEXXUM KOPOTKOIO 3aMbIKAHMSI.
Tok mepBMYHOII OOMOTKM PE3KO BO3pacTaeT U Ieperopaer MmpeaoxpaHu-
tenb. Ucrionb3oBars BMIT mist iMarHoCTUKM HET HYKIbI.
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Puc. 7.5. BHelllHee MarHUTHOE T0JIe CUJIOBOTO TpaHC(OpMaTopa Ipu 0OpbIBe
B OJJTHOM W3 BBIIIPSIMUTENIbHBIX AMOA0B MOCTOBOTO BBITPSIMUTEJSI:
a — TVOMBI UCTIPABHBI; 6 — OOPBIB B OMTHOM M3 TUOJOB BEPXHETO TUIeYa;
6 — 00OpBIB B OHOM U3 IMO/I0B HUXKHETO IUIeya;
1 — BMII tpancdopmaropa; 2 — myJbcaliiy TOKa B Harpy3Ke

Ecnu oquH 13 1M0I0B XapaKTepU3yeTcsl HEMCIIPABHOCTBIO 1, TO ABYX-
MOJIyIIePUOIHAS. MOCTOBAsT CXeMa IIPEBpalllaeTCs B OOBIYHYIO CXEMY OIHO-
noJiyrepuoaHoro BelnpsiMiieHUus. TBB coxpaHsieT paboTOCIIOCOOHOCTD,
HO Ka4yeCTBO BBIIPSIMJIICHHOTO BBIIPSIMJICHHOI'O HAMPSDKEHUST yXyIIIaeT-
ca. Kunetuka BMII tpancgopmatopa TBB a1 pasianyHbIX COCTOSIHUIA
BEHTWJIBHBIX 3JIEMEHTOB IIpEACTaBieH Ha puc. 7.5. McnpaBHBII MOCT
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(puc. 7.5,a) cozmaer BIIM c Takoil Xe KMHETUKOW KaK W TIPU aKTUB-
HOM Harpy3ke R.

ITpu o6pbiBe BEHTWIISI OMHOTO U3 Iied, kuHetTuka BMII cyiiecTBeH-
HO MEHSIeTCSI. DTO MOXKET OBITh 0OBICHEHO HaMarHUIMBAaHNEM MarHUTO-
MpoOBOJA TOKOM BTOPUYHOW OOMOTKM, KaK MOKa3aHo Ha puc. 7.5,6. Ecnu
HabI0aaeTcsl 00pPBIB BEHTWIISI APYTOro Ijieda, To uaMeHsiercs ¢gaza BMII,
4YTO WILTIOCTPUpPYETCS Ha puc. 7.5,6.

Takum o6pazom, kuHetuka BMII nmo3BosisieT ocyliecTBasATh 6ec-
KOHTaKTHYIO JTMAarHOCTUKY 3JE€KTPOTEXHUYECKUX YCTPOWCTB, COIEp-
Kallyux TpaHcgopMartop.

Kunetuka BMII coaepXuT AuarHOCTUYECKYl0 MHMOpMALIMIO O CO-
CTOSIHMU 3JIEMEHTOB OJIOKa MUTaHUS U 151 00Jiee CIOXHBIX OOBEKTOB.
s ee BbIAEAEHWSI MOXHO HCITOJb30BaTh MH(MOPMALIUIO, MOJIYYEHHYIO
npu ucciaegoBaHum mnpocteix TBB. B kauectBe npumepa npuBeaeM pe-
3yJAbTATHl AKCIEPUMEHTABHBIX HCCICAOBAHUN IUAaTHOCTHMYECKHMX BO3-
moxkHocteit BMII 6;10ka nmutaHusl reHepatopa uMmyJibcoB I'5-15. BHenn-
HUI BUJ reHepaTopa MpuBeaeH Ha puc. 7.6.

Tymbuept CHIoBORH
BBCICHHA TpaHChOPMaTOD
HEHCTIPARE cTeil

Puc. 7.6. BHemHmii Buj reHepaTopa UMITYJIbcoB I'5-15 6e3 KoxXyxa

Ieneparop I'5-15 OTHOCUTCSI K M3MEPUTELHON amnmapaType MpOoILIoro
BeKa, paboTarolurii Ha paguonamnax. 1o mpsiMoMy Ha3HAYEHUIO OH YXKe He
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KCIOJIb3YETCSI, HO €ro OJIOK NMWTaHUsI MOAXOAWUT MJIsl SKCIEePUMEHTAIbHBIX
KCCIIeIOBaHUN (DyHKIMOHAIBLHOM TUarHOCTUKU 1o KuHeTrke BMII. Beibop
3TOr0 TeHepaTopa B KauecTBe 00beKTa UCCAeI0BaHUI ObUT OOYCIOBIEH TEM,
YTO ero OJIOK MUTAHUS COAEPKUT MHOTOOOMOTOUYHBIN KOHAEHCATOp, OAHO-
MOJIYTIEPUOAHBIN BBIIPSIMUTEb, MOCTOBYIO CXEMY BBITIPSIMJICHUSI U LIETIU
MUTaHKS HakKaja jami. dparMeHT cxeMbI TeHepaTopa IToKa3aH Ha puc. 7.7.

OeyxnonynegroaHsiA BeNpAMATENL

LA / o1

e

OaHononynepMogHLIA BoINpAMMTEN

HakaneHeie uanu

Puc. 7.7. ®parmMeHT cXeMbl CUJIOBOI YaCTH reHepaTopa UMITybcoB ['5-15

BaxXHOCTh OTMEUEHHBIX KOHCTPYKIIMOHHBIX OCOOEHHOCTEW TeHepa-
TOpa 3aKII0YaeTCs B TOM, YTO HaJIM4YMe HECUMMETPUM HArpy3ku BO BTO-
pUYHOI 0OMOTKE TpaHchOopMaTopa MPUBOIUT K TMOSBICHUIO aHOMAaJIUiA
B kuHeTuke BMII. Hanuuue aAByX TUIOB CXeM BBIMIPSIMJICHUS B OJIOKE K-
TaHMs reHepatopa ['5-15 mo3BoaniIo B Xoae 3KCIIEpUMEHTOB CMOIEIUPO-
BaTh YEThIpe PeXMMa pabOThI TeHepaTopa:

— HEUCITPAaBHOCTb O0OMX BBIIPSIMUTEIICIH;

— BBIXOJI U3 CTPOSI TOJIbKO MOCTOBOM CXEMBI BBIIIPSIMUTEIIS

— OTKJIIOYEHUE OTHOIIOIYIEPUOTHOIO BHIIIPSIMUTEIS;

— HOPMAJIbHBIA PEXUM PabOTHI.
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MarneTpoHHbIi1 mpeoOpa3oBaTe/ib MArHUTHOTO o [7.11] pacnonarai-
cs1 BHE TeHepaTopa Ha pacctosiiuu 70 MM OT CUJIOBOTO TpaHcdopmaropa.

OcunmuiorpaMmbl KuHeTMK BMIT HenmoaBUXKHBIM M3MEPUTEbHBIM
npeoOpa3oBaTesieM B TOuKe HaOmopeHus I TpaHcdhopMaropa COOTBET-
CTBEHHO JIJIST YEThIPEX MOAEJbHBIX CUTYallUil peACcTaBleHbl Ha puc. 7.8.

BxomHad 0OMOTEA Brixorkie 00MOTEH

3‘-‘/

G

Puc. 7.8. Kuneruka BMII cunoBoro TpanchopmaTtopa reHeparopa I'5-15
npu pa3nnuHbIx gedekrax TBb:
1 — pabGoTaloT TOJIbKO 0OMOTKM HakaJjia JlaMIl. AKTMBHasl Harpy3Ka;

2 — MOAKJII0YeHAa 1 UCIIPaBHA TOJIbKO 0OMOTKA C OMHOIIOIYITEPUOIHBIM
BoIIpsiMUTEIeM. OGMOTKA ¢ IBYXIOJYIIEPUOIHBIM BBIMIPSIMUATEIEM OTKITIOUCHA,
3 — MoAK/II0YeHA U UCIIPAaBHA TOJIHKO 0OMOTKA C ABYXIIOIYIIEPUOIHBIM
BBITIpsIMUTEIEM. OGMOTKA C OTHOIOIYIIEPUOIHBIM BEITIPSIMUTEIEM OTKITIOUCHA;
4 — paboratot Bce y31bl TBb

Kak BuAHO 13 MpeacTaBAeHHbIX OCLWIOTPAaMM KaXKIOMY MOJEIbHO-
MY COCTOSIHMIO 0JIOKA MUTaHUsI TeHepaTopa COOTBETCTBYET CTPOro OIpe-
neneHHast kuHetuka BMII. Crnenyer oOpaTuTh BHUMaHUe Ha UMeEIOLIUE
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MECTO 3aKOHOMEPHOCTH B KWHETUKE B 3aBUCUMOCTU OT MUCIPABHOCTHU
CXEeM BBINPSIMJIEHUSI OJI0Ka MUTAHUSI T€HEpaTopa, MOJTHOCTBIO COOTBET-
CTBYIOIII€ YCTAHOBJIEHHBIM BBIIIIE 3aKOHOMEPHOCTIM KuHETUKA BMII.

M3 pucyHka BUIHO, YTO B 3aKOHOMEPHOCTSIX U3MEHEHUS KUHETUKU
MPUCYTCTBYIOT XapaKTEPHbIE YYaCTKHU, OOYCIIOBJIEHHBIE 3J€KTPOMArHUT-
HBIMU TMpolleccaMu B TpaHC(opmaTope MpU U3MEHEHUU TEXHUYECKOTO
COCTOSTHUSI Harpy3Ku. Tak Ha ociuiutorpamMmax 2 v 4 4eTKo HaOIoaaeTcst
HaMarHU4YMBaHUE CEPIEYHUKA TOKOM OJHOIOIYIIEPUOAHOTO BBIIPSIMUTE-
s, bonee netanbHy0 IMarHOCTUKY o kuHeTuke BMIT MoxHO ocyiect-
BJIATh MIOCJI€ BBIPAOOTKU COOTBETCTBYIOIINX AJITOPUTMOB.

7.5. AHaaV3 KMHeTHUKM ¢ IOMOIIbIO ITpeoOpa3oBannsa Pypne

I1aBHOI1 perraemoit mpo6iemoit ipu ucrnonb3oBanuu BMIT mins ¢pyHK-
LIMOHAJIbHON MHWarHOCTUKM SIBJIIETCS pa3paboTKa METoda pPEerucTpaluu
(hakta HaTMUMS MajbIX U3MEHEHWN KWHETWKU TIOTPeOJIIeMOro TOKa, T.e.
BO3HHMKHOBEHME M3MEHEHUS Buaa GyHKIUU B(f), a He mMpHpallleHre 3Ha-
yeHus. TpeOyeTcst BIpaboTaTh METOMUKY, II0 KOTOPOI MOXKHO OYIeT NeTaTh
000CHOBaHHBIN BBIBOJ, O TOM, YTO B KWHETUKE MTPOU3OLILIN OIpPEIeICHHbIE
U3MEHEHUS. DTO 9KBUBAJICHTHO OOECIIEYCHUIO JOCTOBEPHOIO OTACJICHUS
OITHOTO COCTOSIHUSI SJIEKTPOTEXHUUIECKOTO YCTPOMCTBA OT IPYTOTO.

Ecniu paccMoTperb B KayecTBe IIpUMepa 3JIEKTPOTEXHHYECKOTO
YCTPOMCTBA MEPEMEHHOIO TOKa, TO JJISI PelleHMsI MOCTaBJICHHOU 3amayu
MOXHO KCITOJIb30BaTh U3MEHEHUE CIEKTPAIbHOIO COCTaBa TOKa IMOTpe-
OJIeHUSI, KOTOPOE BOZHHUKACT MPY OTKIIOHEHUU COCTOSTHUSI DA OT HOPMBI.

B cnygae anmapaToB IepeMEeHHOTO TOKA MUTAIOIIee HAMIPSIKEHUE MO-
XKET paccMaTpuUBaTbCsA KaK IepuoauyvecKash BbIHYXKAAloas cujia U KH-
HETHWKa ToKa OymeT mepuoandeckoin yHKIMe ¢ TeM Xe TTepruoIoM, 4TO
¥ IuUTalollee HarpsokeHue. [1oaromy, TIpr m000i CII0XKHOCTH KUHETUKU
BMII ij(t) €€ aHAJIUTUYECKUIN BUX IS j-TO COCTOSIHUAS MOXHO IpEACTa-
BUTH C TTIOMOIIIbIO psinoB Pyphbe:

A‘ 0 0
ij(t):—’°+ZAjk cos(kﬂj+28ﬂ( sin(kﬂj, (7.3)
2 k=1 T k=1 T
rae KoaddummenTs Oypne
2 ¢ 2t
4, =;Ii,(t)cos(k%]dt, k=0,1,2,..): (7.4)
0
2% [, 2nt
B, =7Iij(t)sm(k%jdt, (k=0,1,2,..). (7.5)
0
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CrenoBarenbHO, J1I000€ M3MEHEHUE COCTOSTHUS 3JIEKTpOMEXaHUye-
CKOTO YCTPOMCTBA, MPUBOIAIIEe K MU3MEHEHUIO (DOPMBI KWHETUKU, OTIpe-
nensieTcsl n3MeHeHneM KoadduimentoB Pypbe M oTpaxaercs B CIEK-
TpaJbHOM cocTaBe Toka BMII.

B kaudectBe mpuMepa Ha puc. 7.9 TipuBeneH BUJ CIEKTPATbHBIX CUT-
HasioB Tipu quarHoctuke TBB cBsa3aHHBIX ¢ IOsIBNIeHUEM 1e(heKTOB B BEH-
TUJIBHBIX DJIEMEHTAaX, KaK MOoKa3aHo Ha puc. 7.5.

0.0009-

00008

0.0007 -

=
AL

0 100 200 300 400 500 G600 700 @00 909
Frequency [Hz]
a
0.0009 -
0.0007
0.0006 -}
0.0005
0.0004 3|
0.0003 31—
0.0002 21—
0.0001 —f:
u-::“-j' L I b A
o 100 200 300 400 500 600 700 BOO 909
Frequency [Hz]
9]

Puc. 7.9. Bua criekTpa CpaBHOTO BHIMPSIMUTETIBHOTO MOCTA:
a — ¢ aKTUBHOU HArpy3Koii B cIydyae UCTIPABHOTO BBITIPSIMUTEIBHOTO MOCTA;
6 — C aKTUBHOM Harpy3Koii pu oOpbIBe B 1€MW OAHOTO U3 TUOJ0B

Kak BunHo u3 aHanm3a puc. 7.9, B ciayyae MCIIPaBHOTO BHITIPSIMUTEIIb-
HOTo MocTa, criekTp curHajga BMII cunoBoro Tpancdopmaropa B nanbHeit
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obnactu (o6aacth 1) comepXUT TOJbKO HEYETHbIE TApMOHUMKU YaCTOThI
MMUTAIONIEero HanpsokeHus. OOpBIB B 1IEMM OOHOTO M3 JWOIOB IIPUBOIUT
K TIOSIBJICHHMIO YETHBIX TApMOHUK. DTOT (haKT MOXKET CIIY>KUTh TUATHOCTH-
YECKHUM TIPU3HAKOM.

Texumuecku peanmzoBath npeodpasoBanus Dypbe B HACTOAIIECE BpeMsI
He TIpeICTaBIsIeT KaKOW-JIM00 TpobiieMbl. OTpoMHOE KOJIMIECTBO MPUKIIa-
HbIX riporpamm (MathCad, MatLab, ORIGIN, SpektraLab v mpyrue) TTO3BOJISI-
0T TIOJTyYaTh CITEKTp cuTHajIa. KpoMme Toro, 3Ty oIepalinio JeTrKO BEITTOJTHSI-
0T COBpeMeHHBIe IM(POBEIC OCIIMITOTPadbl M aHAIM3ATOPHI CIIEKTPA.

Ha pbrHKe pamro3]IeKTPOHHBIX KOMIIOHEHT MMEIOTCS CICIIMATIN3H-
pOBaHHBIE MUKPOCXEMBI, TTO3BOJISTIONINE pean30BaTh OBICTPOE Mpeodpa-
3oBanne Dypre. CremoBaTebHO, MPAKTUUECKAE CXEMBI MCITOIb30BaAHMS
(GYHKIIMOHAIBHONM AMATHOCTUKK 3JIEKTPOMEXaHWUYCCKUX YCTPOICTB IIO
perucTpainy u aHanmm3y KuHeTukrn BMIT BroitHe peajibHBI.

7.6. YCTpO¥ICTBa AMarHOCTUKYM TpaHcdpOpMaTOPHO-
BBIIIPpSIMUTEAbHOTI'O 040Ka IO KMHEeTUKE BHEITHMX
MarHMTHBIX I10AeN

Ha 06a3e ycraHoBneHHoro cBoiictBa KuHeTku BMII Obun paspaboran
CII0co0 KOHTPOJIs OJIOKOB IUTAHMSI, COAEPXKAIIMX CUIOBOM TpaHchopMaTop
[7.12, 7.13]. YcTpoiicTBO peanu3aliu crocoda mpeacTaBieHo Ha puc. 7.10.

(| G

el

Puc. 7.10. YcTpoiicTBO peann3aiyy cnocoda 6eCKOHTAaKTHOIO KOHTPOJISI 0JIOKa
MMUTAHUS 10 IIEPBUYHOM 1 BTOPUYHOM OOMOTKAM € TIOMOIIBIO OIHOIO JaTYnKa

BMII tpaHchopmaTopa 7 perucTpupyercs HU3MepuTeIeM WHIYK-
LMY MarHutHoro moisg 4. ameputesb 2 (puKcupyeT MITHOBEHHOE 3Ha-
YeHWe WMHAYKIIMM MarHUTHOTO II0Jid B MH(OPMAIlMOHHBbIE MOMEHTBI
BPEMEHU T, U T,. DJIEKTPOHHBINA KJIIOY 3, YNpaBIAEMblii r€HEPaTOPOM
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CTPOO-UMITYJIbCOB OOECIIEYMBAET U3MEPEHUE MAaTHUTHOTO B MOMEHTHBI Bpe-
MEHU T, U T,. Pernctpupyrommue ycTpoiictsa 5 u 6 npeodpasyloT 3HaYCHUs
VHAYKIIMM MAaTHUTHOTO TTOJISI B EIMHUILIBI HATIPSDKEHMS U ToKa. [locre cpas-
HEHUS C 3TAJIOHAMU CYIST O TEXHUYECKOM COCTOSIHUY TpaHchopMaTopa.

Cytb criocoba mosicHsieTcs: puc. 7.11, e mokaszaHa BO3MOXHOCTb Oec-
KOHTaKTHOTO KOHTPOJISI TpaHC(hOpMaTOpa C MOMOIIBIO OAHOTO JaTYrKa OJI0Ka
MUTaHUS Pa3IebHO 0 MEPBUYHON U BTOpUYHOM ooMoTKaM. Ha puc. 7.11,a
n3o0paxeHa kuHetrika BMIT npy HOMMHATBHOM peXXyUMe pabOoThI (CTUIOLIHAS
JIMHUS) U Opu nieperpyske (mynkrup). Ha puc. 7.11,6 npeacrasneHsl ctpob-
VIMITYJIbCHI, COOTBETCTBYIOLIME MOMEHTaM BPEMEHHU pa3aesieHUs] HMOpMau
O COCTOVSIHUM TMEPBUYHON M BTOPUYHON OOMOTOK, KOTOPBIE MPENCTABIISIOT
co0Ol CIBOEHHBIE MIMITYJIECHI C TIEPUOMUYHOCTBIO CIieoBaHUs 27t/®. 31ech
® — YacTOTa HampspKeHWs! ceTh. B COOTBETCTBUM C MPUHLIMIIOM AEWCTBUS
TpaHcopmaTopa, COABUT BpEeMEHU Af MEXIy WMIIYJIbCaMUA PaBEH YETBEPTU
reprona HarpsokeHus: cet. Ha puc. 7.11,6-0 TipencraBieHbl COOTBETCTBEH-
HO MMITYJIbChI, XapaKTEPU3YIOIIMe HAMPSDKEHNE Ha TIEPBUYHOI OOMOTKE, UM-
MYJIbChI, XapaKTEPU3YIOILKE TOK HArpy3Kd B HOPME U TipU Tieperpyske. -
TEJTbHOCTh BBIXOMHBIX UMITYJIECOB T 3aJA€TCS B BBIXOJHOM YCTPOICTBE.

IMocnenyomue uccinenoBanuss BMII 61oka nutaHusl mokaszaiau, 4TO
OHO BEChbMa YyBCTBUTEIBHO K COCTOSIHUIO BBITIPSIMUTEIBHBIX 3JIEMEHTOB.
B kauecTBe BBIPSIMUTEIBHON CXEMBbI HCCIIEI0BaIach OObIYHAS MOCTOBAs
cXeMa JIBYXIIOJYIePUOJHOTO BBIIPSIMUTENSI C aKTUBHOW Harpy3kKoi. DKc-
MEePUMEHTAIBHO YCTAHOBJIEHO, YTO €CJIA BCE BBIMIPSIMUTEbHBIE 2JIEMEHTHI
WCIIPaBHbI, TO KuHeTKa BMII sIBSIeTCS CUMMETPUYHOM, KaK U B OTCYT-
CTBUU MOCTOBOU cxeMbl. Ecii onmvH W3 JUOAOB BBIXOAUT U3 CTPOS, Ha-
TpUMep, UMEET HEUCTIPABHOCTh TUTIA «OOPBIB», TO TOK BO BTOPUYHOI 00-
MOTKE UMEET CYLIECTBEHHYIO BEJIMYMHY TOJIBKO [IJII OMHOTO MOJyepUoa.
BreinpsimieHre CTaHOBUTCS OTHOIOIYIIEpUOAHBIM. Bo BTOprYHOI 0OMOT-
K€ MOSIBJIIETCSI MOCTOSTHHAS COCTABJISIIONIAs TOKA HArpy3Ky, MIPUBOASIIAS
K HamMarHW4YuBaHuio cepaeyHuka. Kunernka BMII craHoBUTCS HecUM-
MeTpuuHoil. Daza ee MCKakeHUs] 3aBUCUT OT TOTO, KAKOW IMOJ BHIIIEI
u3 ctpost. Ecny BeIMPSIMUTENIBHBIN 3JIEMEHT UMEET HEUCITPABHOCTh THUIIA
«11po6oit», To BMII cooTBeTCTBYET OMHOMOJYIIEPUOAHOMY BBIIIPSIMUTE-
mo B pexuMe K3. B ciydyae TUarHOCTUKU BBIPSIMUTEBHBIX 3JIEMEHTOB
perucTpupoBaTh U3MeHeHue KuHeTuku BMII MoxHO 1O crieKTpalbHOMY
COCTaBy. DTOT MYTh JIET B OCHOBY pa3pabOTaHHOTO Coco0a SKCIpecc-au-
ArHOCTUKU BBIMIPSIMUTEBHBIX 3JIEMEHTOB 0JI0KOB nutaHus [7.17]. Cxema
peaqusanuu criocoda npencrabieHa Ha puc. 7.12.
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Puc. 7.11. CyTb criocoba 6eCKOHTaKTHOIO KOHTPOJIsI 6J10Ka MUTAHUS 10
MEepBUYHON U BTOPUUHON OOMOTKAM:
a — xuHetuka BMII npu HOMUHaIbHOM pexkrMe pabOThl (CIUIOLIHAS JIMHMS)
W TIpHU TIeperpy3Ke (ITyHKTUP);

6 — CTPOO-UMITYJIbChI, COOTBETCTBYIOILIIME MOMEHTAM BPpEeMEHU pasaesieHUs
MHOOPMALIMU O COCTOUSTHUH TIEPBUYHON M BTOPUYHOI OOMOTOK;

6 — VIMITYJIbChI, XapaKTepu3yIolle HalpsKeHUe Ha MepBUYHO OOMOTKE;

2 — IMITYJIbChI, XapaKTepU3YIOIIMe TOK Harpy3Ku B HOpME;

0 — UMITYJIbChI, XapaKTepU3YIOILKe TOK Harpy3Ku MpU MeperpysKe

YCTpoiicTBO, peanusylollee IpeaaaraeMblil Croco0, COOEPXMT AaT-
YUK MATrHUTHOIO MO 1, IMOOK/IIOUEHHBIN K YCHUIMTENIO 2, BbIXOA KOTO-
POTro TOAKIIIOYEH K ITOJOCOBBIM (PMIBTpaM 3—5, HACTPOEHHBIM COOTBET-
CTBEHHO Ha YaCTOTHI W, 2w 1 3w (W — 9acTOTa ITUTAIONIETO HATIPSDKCHHUS).
Bbixon ¢wuabrpa 3 mOOKIIOUEH K YCHINTENO 6, a BbIXOA (UILTPOB 4
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U 5 — K CUHXPOHHBIM JIETEKTOpaM 7 U 8§, K yIPaBISIOIIUM BXOaM KOTOPBIX
TOAKJTIOYEHBI BBIXO/IBI TTOJIOCOBBIX (hMIBTPOB 9 1 10, HACTPOEHHBIX HA YaCTO-
Ty 2W U 3W COOTBETCTBEHHO. {7151 MOTy4yeHUsI OMIOPHBIX YACTOT 2W U 3W UC-
TOIb3YeTCSl HEJTMHEWHBIN 371IeMeHT 11, obecreunBaovil MOTyYeHUE HyXK-
HBIX TAPMOHMK U3 OCHOBHOW YaCTOThI W, TOCTYTAIOIIEN C Bbixona dhuisrpa 3
Yyepe3 YCUIIUTENTb 6 Ha BXOJ HEJIMHEHOTO 3ieMeHTa 14. BbIxom HelmvHeinHo-
IO BJIEMEHTa coelrHeH co Bxomamu ¢uibrpoB 9 u 10. Beixoms! yemmutens 6
¥ CUHXPOHHBIX IETEKTOPOB MOICOEAUHEHHI K BXOJaM JIOTUYECKOTO 6J10Ka 12,
BBIXOJl KOTOPOTO COETMHEH C YCTPOUCTBOM MHAMKAIMK 13.
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Puc. 7.12. YcTpoiicTBO I 3KCIIpecC-IUarHOCTUKI
BBITTPSIMUTEIBHBIX 3JIEMEHTOB 0JIOKOB nuTaHus u3 [7.17]:
1 — JaT4YMK MarHUTHOTO TOJIST; 2, 6 — YCUIIMTEIH,
3-5,9, 10 — mosiocoBbie (PUABTPHI; 7, 8 — CUHXPOHHbBIE NETEKTOPHI;
, 14 — HeTMHEWHBII 271eMeHT; 12 — JIornyecKuii 6J10K;
13 — ycTpoiicTBO MHAVKALIUU

Takum oOpasom, peructpaumss KuHetuku BMII cumoBoro TpaHc-
(opmaTopa mo3BoJIAET OECKOHTAKTHO OIPEIEIISATh PEXXUM PaOOTHI TpaHC-
(opmaTopa McTIpaBHOTO 0JIOKA IMMMTAHUS, COCTOSIHIE €ro 00MOTOK. Kpo-
M€ TOTO, BO3MOXHO YCTaHOBJICHHE OTHOTO M3 TPEX COCTOSIHUI: «HOPMa»,
«OOPBIB» U «IIPOOOIT» BEIIIPSIMUTEIIBHBIX 3JIEMEHTOB.
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7.7. BeIBOABI

7.6.1. Pa3zpaboTaHHBII MarHUTOKMHETUYECKU MeTO (DYHKIITMOHAIIb-
HOM TMAarHOCTUKU 3JIEKTPOTEXHUIECKUX YCTPOMCTB HAa OCHOBE PEerucTpa-
uu KuHetuku BMII cunoBoro TpaHchopmaTopa Mo3BOJISIET CeAyIOlIee:

— MMOJIyYaTh pas3aeibHO WMHMOPMALMIO O COCTOSTHMM TIEPBUYHOM
1 BTOPUIHON OOMOTOK CHJIOBOTO TpaHC(hopMaTopa, He BCKPbIBasi KOPITYC
YCTpOHCTBa U OECKOHTAKTHO;

— UOEHTU(PUIIMPOBATh HEUCIPAaBHbIE COCTOSIHMSI BEHTWJIBHBIX 3Jie-
MEHTOB («OOpBIB» WM «IIpobOoii» Takke OECKOHTAKTHO, 0e3 pa3bopKu
KOHTPOJIMPYEMOT'0 O0BEKTa M IEMOHTaXa 3JIEMEHTOB;

— 1aéT BO3MOXHOCTb DPEajM30BaTh OECKOHTAKTHBIH MOHMTO-
PUHT ¥ JMArHOCTHUKY TEXHUYECKOTO COCTOSIHMSI 3JIEKTPOTEXHUYECKUX
YCTPOMCTB 0€3 IMpepbhIBaHUs TEXHOJIOTMUYECKOro IMKJA, T.€. BHEIpEeHUe
pa3paboTaHHOTO METO/a CIIOCOOCTBYET pean3aliviu Iepexoaa OT KOHTPO-
JIsI TIO PETIAaMEHTY K KOHTPOJTIO TI0 TEXHUYECKOMY COCTOSTHUIO.

7.6.2. HemocTaTKOM MarHUTOKMHETUYECKOTO METOMA SIBJISIETCSI 3aBU-
CHMOCTb BBIXOJAHOIO CUTHajJa uU3MepuTeabHoro mpeodpasosatens (MII)
OT TIOJIOXKEHUS M OpUEHTALlMM. YCTPAaHUTh €ro MOXHO JIM00 (hopMUpoOBa-
HHMEM CIIeIMaIbHOTO JIOXKeMEHTA IS M3MEePUTEIBHOTO Ipeodpa3oBaTeIst
Ha KopItyce o0bekTa, JIM0O UCnoab30BaTh BCTpoeHHbI UII.

7.6.3. [l paciiMpeHust Kpyra IMarHoCTUPYeMbIX MarHUTOKWHETHYE -
CKMM METOMIOM 3JIEKTPOTEXHUYECKHMX YCTPOMCTB M YCTPAHEHUST HEMOCTaT-
KOB TpeOyeTCs MTPOI0JIKEHUE TTPOBOIMMBIX MCCIeIOBAHMUIA.
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8. PEIIEHVE 3A AAUM AMHEMHOM AVICKPETHOM
OUABTPALIVIN B YCAOBUSIX IAPAMETPUUYECKOM
HEOIIPEAEAEHHOCTU MOAEAN ICCAEAYEMOTO
ITPOITECCA

Eaucees A.B., Oscannuxos C.H., ITmenuunoui C.A.

Annomauusa — PaccMoTpeHa 3a/1aua OLIEHUBAHUSI BEKTOPA COCTOSIHUS TMHA-
MHYECKOTO TIpoliecca B YCIOBUSX allpUOPHOI ITapaMeTpUIeCcKoil HeompeneIeH-
Hoctu. [IpuunMHOI HeoNmpeneIeHHOCTU SIBSIETCSl HETOUHOE 3HaHME MapamMe-
TPOB MOJEIM MHMOPMAIIMOHHOTO Tpoliecca. sl olleHUBaHUSI UCTIONb3YeTCs
amanTuBHbINM GwisTp KanmaHa. Anantaiys uiasrpa IpoM3BOAUTCS HA OCHOBE
M3MEHEHUST KOBapUallMOHHON MAaTpUIIbI, XapaKTePU3YIOIIel WHTEHCUBHOCTD
1IIyMa MOJIEJIM Tipoliecca. AfanTaiusl BHITOMHSIETCS ¢ UCIIOIb30BAaHUEM Ollepa-
TUBHO COBETYIOIIEH 3KCIEPTHON CHUCTEMbI. DKCIIEPTHAsl CUCTEMa BBITIOIHEHA
Ha OCHOBE HEYEeTKUX MPOAYKIIMOHHBIX MpaBwi. Pa3paboTaHa cTpyKTypa amar-
TUBHOTO (pWIIbTpa. BhIMONIHEHO MaTeMaThyecKoe MojieiupoBaHue. Pe3ynbraThb
MOJIEIMPOBAHMS TIOATBEPKAAIOT PaOOTOCIIOCOOHOCTh U 3P (PEKTUBHOCTD IIPEI-
JIOXXEHHOTO aJITOpUTMa aJalTUBHOMN TMCKPETHOW (PUIIBTpaIIvn.

Karouesoie caosa — ¢vnsrp KanMana, mapaMmeTpuyeckasl HeoIlpeaeaeH-
HOCTb, 9KCIIEPTHasl cUCTeMa, ajarTalusi, HeueTKue MpaBujia, MareMaTuye-
CKO€ MOJIETMPOBaHUE.

8. THE DECISION PROBLEM FOR DISCRETE-TIME
LINEAR FILTRATION UNDER MODELING
UNCERTAINTY OF A PROCESS

Eliseev A.V., Ovsyannikov S.N., Pshenichny S.A.

Abstract — The problem of state vector estimation for the dynamic process
under a prior modeling uncertainty is considered. The uncertainty is caused by
an imprecise knowledge of information process model parameters. An adaptive
Kalman filter is used for evaluation. Filter adaptation is based on the covariance
matrix permutation, which describes the noise intensity of the process simula-
tion. The adaptation is carried out with real-time reasoning of an expert sys-
tem. The expert system is based on fuzzy production rules. The structure of the
adaptive filter is developed. The mathematical simulation is carried out. Simu-
lation results confirm the efficiency and effectiveness of the proposed algorithm
of adaptive discrete filtration.

Keywords — Kalman filter, modeling uncertainty, expert system, adapta-
tion, fuzzy rules, mathematical simulation.
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8.1. BBegenue

Ei€ ogHMM MOMEHTOM, MO3BOJSIOIIMM MEpPedTH K MHGOpMalu-
OHHBIM TEXHOJIOTHSIM B OOJIACTH YIIPaBJICHHUS PagUOTEXHUYCCKUMM CH-
cTeMaMU, SIBJISIETCS OLICHMBAHME ITapaMETpPOB DWHAMUYECKUX WHMOp-
MAaIlMOHHBIX IIpoleccoB. B HacTosIee BpeMs B pagdOTEXHUICCKUX
CHCTeMaX CBS3M, HABUTAIIUU U JIOKAIIUH C 3TOH IIEIbIO ITMPOKO MCIIONb-
3yeTcs ¢pmisTp Kammana n ero momndukauvu [8.1]. Hapsoy ¢ Takumm mo-
cronmHcTBaMM (uibrpa KamMaHa Kak MCoiib3oBaHUe TSI (DOPMUPOBAHMS
OIICHKM HapacTaloIIero 00beMa M3MEPEHUIA, a TaKKe YIeT TUHAMUKI WH-
(popMaImoHHOTO IIporecca, eMy CBOMCTBEHHBI M HEHOCTATKH, OTHUM W3
KOTOPBIX SIBJISIETCSI CKIIOHHOCTh (PMJIBTPa K PacXomMMOCTH. PacxommmocThb
MIPUBOIUT K 3HAYUTECIIFHOMY YBEIMYCHUIO ITOTPEITHOCTH OIICHMBAHUS TIO
OTHOIIICHUIO K IIPOTHO3UPYEMOI, XapaKTepH3yeMOoil KOBapHaIllMOHHOI Ma-
Tpuliel omM6oK ¢ubrparur. OMHONW M3 IIPUYNH PACXOINMOCTH SIBJISIETCST
HealeKBaTHOCTh MCIOIb3YeMO B (DIIIBTpEe MaTeMaTHMUECKON MOICIH pe-
aJbHOMY MHGoOpMalMoHHOMY Tipolieccy. IlomoGHasi cutyaiuss Haubosee
4YacTO BO3HMKAET MPU OLIEHMBAHWU MapaMETPOB TMOJOXEHUS U ABUXKEHUS
MaHEBPUPYIOIINX 00BEKTOB, HAIIpUMep, JeTaTeIbHBIX alllapaToB pasiIdd-
HOTO Ha3HAYeHUsA. DTO 00YCIOBJICHO U3MEHEHNEM ITapaMeTPOB MaTeMaTH -
YECKOM MOIIENIH, XapaKTepU3yIOlell IBIDKEHEe 00BeKTa, IIPY COBEPIIICHUN
MM MaHeBpa. PacXoauMoCTh IPUBOIUT K CHIDKCHHIO Ka4eCTBa (PMIBTpaiiy
¥ MOXET IIOBIUSITh Ha 3((PEKTUBHOCTh BBIIOJHEHMS 1ieIeBhIX 3amad PTC
B menoM. Tak, HampuMmep, B paIrOJIOKAIIMOHHBIX CUCTEMaX pPacXOIUMOCTb
(masTpa B KOHEYHOM WMTOTe IPHUBEAET K COPOCY TPAaeKTOPUM C COIIPOBO-
KICHUSI, YTO 3HAYUTEIIFHO TIOBEICUT BEPOSTHOCTD IIPOITYCKA IIEIH.

H71s1 HemoITyIIeHUSI pacXOAUMOCTH OIICHKH, OOYCIIOBICHHOM HeameK-
BaTHOCTBIO MaTeMaTHYECKOM MOIEIM MCCIIeIyeMOro IIpollecca, MCITONb-
3YI0TCS pa3IndHble Mogu(pUKAIMU aaroputMa ¢uisTpa Kanmmana, Koto-
phIe YCIIOBHO MOXKHO pa3fednuTh Ha TpU rpyrisl [8.1]:

— aNTOpUTMEI 0e3 obHapyxwuTenst MaHeBpa [8.2, 8.3], TpeOyromiue
3HAHUS CTAaTUCTUYCCKUX XapaKTePHUCTHK MaHeBpa IIC/IN;

— aJITOPUTMBI ¢ OOHApYXWTEIeM MaHeBpa, IIpeaycMaTpUBaIOIINe
KaK MIHUMYM JIBa (bIJIBTPA, OOWH M3 KOTOPHIX HACTPOCH HAa MaHEBp M3-
BecTHOro Thma [8.4]. Pa3HOBUIHOCTBIO MaHHBIX AJTOPUTMOB SIBJISTFOTCSI
aganTUBHEBIC (OWIBTPBI, IMOACTPAMBAIOIINE CBOM ITapaMeTpPHl HAa OCHOBE
aHaJIM3a ToKa3aTesIs pacXomouMOCTH [8.5—8.7] wim IOoJIy4eHHO! OILIeHKHU
YCKOpPEHUS 00BEKTA;
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— MHOTOMO/JIEJIbHBIE AJITOPUTMBI, UCTIOJIb3yEMbIE B CTy4yae, KOrjaa mMa-
HEBp LIEJU SBJSETCS HEM3BECTHBIM, HO TPUHAMIEXAUUM HEKOTOPOMY
MHOXECTBY BO3MOXHBIX MaHeBpOB [8.7, 8.8].

CrenyeT OTMETUTD, UTO BBIICIUTH U3 BCETO MHOTOOOPa3usl OAHO3HAY-
HO JIyYIIUH aaropuT™ (GWIBTPallUU HEBO3MOXHO, MMOCKOIBKY 3G (MEKTUB-
HOCTb MPUMEHEHUS KOHKPETHOTO (PUIIBTPa 3aBUCUT OJl MHOTUX (DaKTOPOB:

— HaJIM4us JOCTOBEPHOM MH(POPMALIMKU O XapaKTepe MaHeBpa Leu,

— BEJIMYUHBI JMHAMUYECKOTO T1ara3oHa MaHEBpPa,

— BBIYUCIUTENBHBIX pecypcoB PTC u np.

Taxk, HanmpuMep, B yCIOBUSIX OTPAaHUYEHUI Ha BBIYMCIUTEIbHbBIE pe-
cypcbl PTC 3bbeKTUBHBIMU SBISIOTCS afalnTUBHbIE (DUIBTPBI ¢ OOHA-
pyxwuTteneM maHeBpa [8.4, 8.5, 8.7]. [Ipu aToM, Kak TpaBUiIO, aganTaIuu
(unbTpa BBIMOJHSIETCS MyTEM MOACTPOMKM MATPULBI UHTEHCUBHOCTEH
dopmupyoIIMX IIYMOB MOJeNu Tipoliecca [8.5, 8.7]. s ynpaBieHus no-
caenHel B pabote [8.9] ucronp30BaH HEYETKUI JTOTUYECKHUI PETYISATOD,
U3MEHSIOUI TOJ0CY MPOIycKaHusd (uisTpa Mpu U3MEHEHWU MOIYJS
3HAKOIMEePEMEHHOU OIMOKY ClexXeHus1, B padote [8.5] — yeTKuii AUCKpeT-
HBII peryyIsiTop, BBIMOTHSIOMMUHI Te Xe (PYyHKIUH.

K HemoctaTkaM WM3BECTHBIX METOHOB CJIEAYyeT OTHECTU HEBO3MOX-
HOCTh KOMIIEHCAIIMA JUHAMUAYECKON OLIMOKM, OOYCIOBIEHHYIO XXECTKOM
CTPYKTYPOI HEYETKOTO PETYJISTOPA, UCOJIB3YIOIIETO B KAUECTBE BXOAHOM
“H(OpPMaLIMK TOJBKO TEKylIee 3HaUeHWe HeBsI3KM [8.9], a Takxe mocta-
TOYHO OOJbIIME 3HAYEHUS BPEMEHM alanTallui U AUHAMUYECKON TO-
TPEIIHOCTU amanTaluu, oOyCIOBIEHHBIE UTEPALIMOHHOCTBIO TTPOLEAYPHI
aganTauuu ¢uisrpa [8.5].

Llenb uccnenoBaHuii — CHUXKEHWE TMHAMUYECKON OIIUOKU (DUIbTpa-
LIMM B 3alaye OLIEHWBAHUS MapameTpoB WH(MOPMALIMOHHOTO Mpollecca
B YCJIOBUSIX MTApaMETPUYECKOM HEOTIPENETEHHOCTH.

s TOoCTKEeHWsI TaHHOM LIy pellieHa cienyonias HaydHas 3a1ayqa:
pa3paboTka MeToJa ajganrtainuy napaMmeTpoB ¢dwisTpa KanMana Kk usme-
HEHWIO MOJIeJ I UH(MOPMAIIMOHHOTO MTPOILIecca HA OCHOBE UCITOIb30BaHMUS
HEYETKOM IKCIEPTHOM CUCTEMBI.

8.3. MaTremaTmuecKkast IIOCTaHOBKA 3ajaum

[Tycte MH(OpPMALIMOHHBIN TNPOLECC Ha MHTepBajie BpemeHu [f, T
OIMMCHIBAETCS pa3HOCTHBIM YpaBHEHUEM

X(+1)=0(+L)X(G)+TG+L)(A4,()+N, (). /=0,1,2, ... 8.1)
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a YPAaBHCHUC HaOJIIOACHUST UMEET BU/I

Z(j)=H()X()+N.(/).j=0,1,2,.. (8.2)
e X() =X(tj. ) = [xs (/). s =1_,qJT - BEKTOP napame-
TpOB mpouecca;, Z ( J ):|:zs ( j)’ s :EJT — BEKTOp W3MEpPEeHUMH,

®(j+17)=[0, ()Ls=Lql: TU+LN=[va().s=Lg k=Lm]:
H(j ):[b w (), k= Lp,s= 1_,q:| — U3BECTHBIE (YHKUMOHAILHBIE Ma-
tpunw, 4, ()= [ax (). s= m] " BEKTOp MHTEHCUBHOCTEH M3MEHEHUS
Ipoliecca, 3JeMEHTbl KOTOPOro MPUHALIEXAT alpuOpHO HEU3BECTHBIM
nurariasoHaM ax K (])E [ ax min s ? ax max s :I’S = L_m,NX (]): [nX s (j)’ §= 1’ m:l T;
N. (j)=[n” (). s =G]T — ciyyaiiHble IyMbl 00bekTa (8.1) U KaHama
Ha6oneHus (8.2) COOTBETCTBEHHO, UMEIOLLIE HyJIEBble MATEMATUUECKUE

OXHIaHus U Koppesimontsie Matpuusl O(/) = diag [6] s () S=1,_m],
R(j)=diag[r, (/). s=1 p]
Tpebyercs mo pe3yJbTaTaM TEKYIINX HaOMOAeHUN Z(j) MOIydUTh OIl-

TUMaJIBHYIO B CpeIHEeKBaAPaTUUECKOM CMBbICJIE OLIEHKY X ( j) dunsTpaluu
BEKTOpa COCTOSIHUS (8.1) B YCIOBUSIX allPUOPHOI HEOTpeaeJEHHOCTH OT-
HOCUTETbHO 3HAYEHU I 2IEMEHTOB MAaTPULIBI A (7).

8.2. CuHTE3 MeToJa ajalITUBHOM HaCTPOMKI
¢uabTpa Kaamana

Jltst GOPMUPOBAHMST OLEHKH X (/) BekTOpa TIapaMeTPOB MCIIOIb3yeM
anroput™ ¢unsrpanuy Kamvana [8.1]:

X(j+0)=X (j+11))+K(G+D)[ Z(+1)- H(G+1)X (j+11/) ]:8.3)
X(G+1)=2(+L,)X(); (8.4)

P(j+11) =®@+1)) P()®" G+L)+TG+LHQU+N)T (j+1,/)x8.5)
K(j+1)=P(+1| ) H (G+1)[H(+1)PG+1] ) H" (j+1)+R(j+1)]™:(8.6)
P(j+1)=[1-K(G+1)H(G+1)]P"(+1])), (8.7)

e X ( j+]1 j) — OLIEHKa IIPOTHO3a BEKTOpPAa COCTOSIHMSI HA MOMEHT

jt1, P( J+1 j) — CHMMETpUYHAas MaTpulia OLIMOOK MPOTHO3UPO-
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BaHus; P(j+ 1) — KoBapuanMoHHas MaTpulla OIIMOOK GUIbTpaLlliU
X(j+1)-X(j+1), KG+ 1) — xoadbduument ycunenns cbuisrpa, [ —
eIMHUYHAs MaTpulia.

CrnenyeT OTMETUTh, YTO €Cld M3MepeHus Z(j) comepxXaT HE TOJbKO
cllyJaiiHbIe IITyMBbI, HO M CUCTeMaTUYECKHE MYJIBTUCTPYKTYPHbBIE TTIOMEXHU,
TO 11eJIECOO0Pa3HO UCIOIb30BaTh AITOPUTMBI (DMIIBTPALIUM, PACCMOTPEH-
Hble B pabotax [8.10, 8.11]. B ciayuyae ecniu mopenb MHMOPMALIMOHHOTO
npoliecca 3aJaHa XeCTKOM cucteMoil nuddepeHIMaNbHbIX YpaBHEHUI,
TO 1IeJIeCO00pa3HO MCIOJAb30BaTh (OWILTP, pa3pabOTaHHBIN aHATOTMYHO
METO.Y, MpeAcTaBleHHOMY B padore [8.12].

W3 ananuza anroputMa ¢uiasrpa KaaMaHa BUIHO, YTO B ypaBHEHUU
IUIs IpOrHo3a oleHku (8.4) orcyreTByer coctasistiomas I'( + 1, )4 (),
BXOAs1Iasl B MoJeib mpolecca (8.1). DTo o0ycnoBieHO, cOrjaacHO MocTa-
HOBKE 3alauyl, YCJIOBUEM alpUOPHON IapaMeTpUyecKoil HeompeneaeH-
HoctH Bektopa A (j). Takum o0pasom, ypaBHeHue MporHosa (8.4) umeer
oIpene/IeHHbI YPOBEeHb HEaAeKBaTHOCTU OTHOCUTEIBHO PeaJbHOIO MPo-
mecca (8.1). JlaHHast HeameKBaTHOCTb MOXKET IPUBECTU K ITOTEPE YCTOM-
YUBOCTU U K POCTY OLIMOOK (DUIBTpalliM, KaK B JII0001 MOMEHT BpeMeHHU,
TaK ¥ OCOOEHHO B MOMEHT 3HAYMUTEIbHOIO M3MEHEHUs BekTopa A (). ITo-
CJIEMHUI Cllydyail XapaKTepeH, HalpuMep, IIpM MHTEHCUBHOM IIpeaHaMe-
peHHOM MaHeBpe LIeJIM B 3ajade paguonokauuu [8.1, 8.7].

Jng obecrieueHust ycroitumBoct ¢uibrpa (8.3)—(8.7) B ycloBusX
HeageKBaTHOCTU Monenu (8.1) peaqbHOMY Mpolleccy Heobxoauma amarn-
Tauusl ero nmapameTpoB. B paborax [8.5, 8.7] mokazaHo, 4TO amanTaLus
¢unbTpa Bo3MOXHA MyTeM IOACTPOUKM MaTpulibl Q(j), 4TO B CBOIO O4Ye-
peb BhI3bIBaeT U3MEeHEeHUe KoadduiimeHTa ycunenus duiasrpa K(j). Ha-
psiy C OJOCTOMHCTBAMU IIPEIIOXKEHHBIN (DUIBTp XapaKTepu3yeTcsl 3Ha-
YUTEIbHOW IMHAMUYECKON OIIMOKONH MpU HMHTEHCUBHOM HW3MEHEHUU
JIUHAMMKHU TIpoliecca, 4TO OOYCIOBJIEHO WTEPALUMOHHON IOICTPOMKOI
napaMeTpoB (PUIBTpa.

Hnsa ycTpaHeHMs TaHHOTO HemocTaTKa lieJIecooO0pa3HO pa3paboTaTth
aJITOPUTM TOACTPONKM TapaMeTpoB (UILTpa, 00eCIeYnBaIOINi Hempe-
DPBIBHOE CJIeXKEHME 3a IMoKa3aTeaeM HeBsI3KU (pUIbTpa BUIa

e(/)=2()-H ()X (jlj-1). (8.8)

U HETpepbIBHOE U3MEHEHME 2JIEMEHTOB MaTpulibl O(j) B 3aBUCUMOCTHU OT
BEJIMYUHBI £()).
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CrnemyeT OTMETUTH, YTO HeBs3Ka dwibTpa Buaa (8.8) MoXeT comep-
KaTh KaK TOJbKO (hJIYKTYalIMOHHYIO OIIUOKY U3MEPEHUI, TaK U €€ CyMMY
C IMHAMMWYECKOM OIIMOKOM, OO0YCIOBIEHHONW HEaaeKBaTHOCTbIO MOJEIU
npoliecca, UC0JIb30BAHHOM MPU CUHTE3e (DUIBTPa, PEAIbHOMY MTPOLIECCY.

B mepBoii cutyanuu, To ecTh IpU (PIYKTYyallMOHHOM XapakKTepe He-
BsI3KM (8.8), 11eJ1eco000pa3HO YMEHBIIUTh €€ BAMSIHUE Ha MPOTHO3 OLIeH-
K X ( Jj+1 j). Jng atoro, mo aHajgoruu ¢ padoroit [8.5], HeoOXxoaUMO
YMEHBIIUTh KO3(GDUIMEHT yCuIeHusT (puiabTpa IyTeM YMEHbIIEHUST 3Ha-
YeHUit aucrnepcuii OPMUPYIOLIUX IIYMOB, SIBJISIIOIIMXCS 3JeMeHTaMu
matpuibl Q).

Bo BTOpOI1 cuTyaruu, To €CTh MPY HAJTMYMU TUHAMUYECKOM OIIMOKY,
1eJ1eCO00Pa3HO YBEIMYNUTDh BIMSHUE HEBA3KM (8.8) HAa MPOTHO3 OLEHKU
X (j+1| ). Anst 3T0r0 HEOOXOMMMO YBEIMUUTH KOIDMUILMEHT YCUIEHHUS
(usTpa MmyTeM yBeIMUeHUs 3HaUeHU I nucrepcuii hopMUpPYIOIIMX IITYMOB.

Takum o6pazom, nis agantauuu puiasTpa KaimaHa He0OX0AMMO T0-
cjenoBaTe/bHOE pelleHre IBYX OCHOBHBIX 3afay: WASHTU(MDUKALUU TeKy-
1LIeil cuTyaluu, onpeneasseMoil XxapakKTepoM HEBSI3KM, U YIIpaBIeHUs 3Ha-
YeHUEM 3JIEMEHTOB MaTpulibl O()).

Hns pelieHus 3aauyu WASHTUMDUKALWU TEKYIIEH CUTyallMd BBEIEM,
10 aHaJIOTUM ¢ padoToii [8.5], ABa JOMOJHUTENLHBIX MTOKA3aTe/ sl HEBI3KU
|§ ( J ), |€ ( J )|, pU 3TOM JIs1 IPOCTOTHI U3JIOXKEHUSI O€3 MOoTepu OOIIHOCTU
TIpUMEM, UTO HEBSI3Ka SIBJISICTCS CKAJISIPHOIM:

— TI0Ka3aTe/b MOIYJISI CpelHero apupMeTUIeCKOro 3HaUYCHUST He-
Baskn [€ (/)

n—1
U =2 eG-i)/n; (8.9)
i=0
— MOKA3aTeJIh CPETHETO apr(hMETUECKOTO MOJLYJIs 3HAYCHUS HEBA3KU ’8 (J )|:

R n-l1
s0)- $e (- @10
i=0
C Y4E€TOM IPUHATBIX JOMOJHUTEIbHBIX noxKasaTtejieid HEBSI3KM U T10-

. 2
Jlarast Uis POCTOThI U3JIOKEHMS, YTO O = [gi] uR(j)= [Gz] BBEIEM I10
aHajoruu c [8.5] kputepuit uaeHTUPUKAUNN TEKYIIEH CUTYaLIUU:

0 mpu |s(j)|< o.,
¥(j)={1upu [e(j)2 o, e (/) =[E(). (8.11)
2mpu [() 20, [e()>[2(/),
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I1Ie IPUHSATHI CeAyIole 0003HAYECHUS:

0 — cuTyanus, Koraa HeBsI3Ka COAEPXKUT TOJIbKO JOMYCTUMYIO (DITyK-
Tyal[MOHHYIO OIIKNOKY, afanTauus puiasTpa He TpedyeTcs;

1 — cutyauus, Korga HeBSI3Ka CONEPXKUT TUHAMUYECKYIO OIIUOKY,
TpedyeTcs aganTauus puasTpa;

2 — cuTyauusi, KOraa HeBs3Ka COAEPXKUT HEAOMyCTUMYIO (hJTyKTyallu-
OHHYI0 OIIMOKY, TpeOyeTcs amanTanusi GUIbTpa.

ITpu 3amanuu nokaszatesneit (8.9) u (8.10) BaXHBIM BOIIPOCOM SIB-
JIIeTCs BBIOOD yucyia U3MEPEHUN (1), UCTIONB3YEMBIX MPU HAXOXJE-
HUU CpeIHUX apudMeTUYecKuX 3HaueHUuil. Yucio namepeHuit Oyaer
OMpeaeNsaTh TaKue MoKa3aTeau KadyecTBa (YHKIIMOHUPOBAHUS all-
ropUTMa aJanTalliu, KaK BEPOSTHOCTb JIOXKHOTO OOHApyXKEeHUS W3-
MEHEHUsT Mojenu Tpouecca (P ), BEPOATHOCTh TPaBUIBHOIO OOHa-
PYXeHMsl U3MEHEHMs1 Moeau npouecca (P . ), YUCIO U3MEPEHHUIA,
BBIMTOJIHEHHBIX MOCJIE U3MEHEHUS MOJENIU Mpolecca, He0OOXOIUMBIX
11 ero odoHapyxeHust (m). TakuM oOpazom, 1Jisi BbIOOpa 3HAYEHUS
(n) XenaTeJlbHO UMETh 3aBUCUMOCTb Bupa n = f(P , P m), To-

)
3BOJISIIOLIYIO IO 3alaHHbIM TPeOOBaHUAM K P, P . nIIIpALI)'ff)OI/IL’.BCCTI/I
ero obocHoBanue. HaxoxneHue momoOHOI 3aBUCUMOCTH B aHAJIUTU -
YEeCKOM BUIE SBIISIETCSI JOBOJBHO TPYyAHOW 3amadeit. [lo 3Toi mpu-
YUHE 11eJIeCO00pa3HO TIpOBEAeHWE WMUTAIIMOHHOTO MOJEINpoBa-

HUS, TO3BOJIAIOLIErO IMOJYYUTh Ipaduku 3aBucumocteit P = f(n),
P, o6 =f(M)|n=ml. B cTatee [8.6] mpoBemeHO MMUTALIMOHHOE MOJE-

JIMpOBaHME Ha IpUMepe 00HapYKEHUSI U3MEHEHUST MOJCIN, 00YCIIOB-
JICHHO!I MaHEeBpUpPOBAaHMEM ITMHAMHUYECKOIO OO0BEKTa, HaIlpuMep,
caMoJieTa TpaxIaHCKO# aBuallMi, 3aX0AsIIero Ha IocaiKy B HellTaT-
HOM cuTyanuu. Pe3yiapraTbl TaKOro MOIEJIMPOBAHHUS IJISI YAaCTHBIX
cllyyaeB, XapaKTepU3YIOMIUXCSI KOHKPETHBIMU 3HAYCHUSIMHU CpeaHe-
KBaJIpaTUYECKOr0 OTKJIOHEHHUA (G,) OMMOOK M3MEPEHUIA M yCKope-
Huit MaHeBpa (a), mpeacTaBieHbl Ha puc. 8.1—8.3.

KoMIIeKCHBINM aHaIn3 MOJYyYeHHBIX 3aBUCHMOCTEH MO3BOJISIET MpPO-
M3BECT OOOCHOBAaHHBINM BHIOOp 3HAUCHUs (#) Ha OCHOBE MPUMEHCHMS
CJIEIYIOLIErO KPUTEPUST IIPUTOTHOCTH:

P

np.obn

P

np.oOH

«n— npurogdo» npu P <P m<m

at.Tped 2

1p.o6H.Tped ?

< Pnp.o6H,Tpe6 2

K (n)= " (8.12
() «n—He nIpurogHo» mpu P> P m>m ( )

ar.tped 2 Tpe6 *
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"u."l'l

0.8

0.6

0.4

02

0 2 4 6 8 n

Puc. 8.1. 3aBUCUMOCTb BEPOSITHOCTH JIOKHOI TPEBOTU OT YKC/IA U3MEPEHUIA,
HCTOJIb3YEeMBbIX IJIsT HaxX0oXIeHUsT TToka3areneii (8.9), (8.10)

L obm ' — - e
Y S J
K

0.6 1 o :E:' a=3 mic 4
04 _;" ',."n=1 0p=25uM |
0.2/ ]

() Za— : :
0 5 10 15 m

Puc. 8.2. 3aBUCcHMMOCTb BEpOSITHOCTH TIPABUJIBHOTO OOHAPYXXEHHUsI MaHeBpa
OT YMCJIa BBITTOJIHEHHBIX TIOCTIe Havyajla MaHeBpa U3MepeHM ()
MpU YCKOpEHUU a = 3 M/c?

Tak, HarmpuMep, eclii KOHKPEeTU3UpoBaTh KpuTepuii (8.12) B cienyro-
11IeM BUje:

«n —npurogHo» npu P < 0,1, P oo 2 0,8, m<10,
K(n)= '
( ) «n— HenpurogHo» mpu P, > 0,1, B < 0,8, m>10,

TO JUIS YCKOPEHUI OT 6 M/C? 1 BBIILIE IPUTOIHBIMU, KaK CIIEAyeT U3 aHa-
Jm3a puc. 8.1 u 8.3, oynyt n > 5.
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Pnp.nﬁn.- 1 ".v'l_---- - .
'3"' l.n=3

0.8+ . 5 s ]
3n=7

0.6 |

44 |

0.2 a = 6om/c” |

Gp=25Mm
0 3 10 15 -

Puc. 8.3. 3aBUCUMOCTb BEPOSITHOCTH MPaBUILHOIO OOHAPYKEeHUSI MaHEBpa
OT YMCJIa BBIIOJHEHHBIX IIOC/IE Hayajla MaHeBpa U3MEPEHMI (1)
MpY YCKOpeHUU a = 6 M/c?

CiemyeT OTMETUTD, YTO IIPH OOJBIINX (7) W 3HAYUTEIBHBIX YCKOPE-
HUSX BO3MOXHO CHIDKCHHE YCTOMIMBOCTH (DMIBTPa, OOYCIOBICHHOE YBeE-
JIMYCHUEeM BpeMEHU OOHApy:XKeHHsS MaHeBpa, OTHAKO, KaK MoKa3ajau pe-
3YJIBTaThl MOAEIMPOBAHUS, IIPU YCKOPEHUSIX ABMKEHUS 10 6 M/c2 u n <7
Takoro 3¢ deKTa He HabIIoaan0Ch.

Hamnee MpeAItonoxnM, 9To NHGOPMAMOHHBIH IIpoliecc (8.1) xapak-
TepU3yeT TPACKTOPHUIO IBIKCHMS O00BEKTa B AEKAPTOBOM CHCTEME KOOp-
IWHAT. AJITOPUATM afallTallii B 3aBUCUMOCTH OT IIPUHSITOTO IO KPUTEPHUIO
(8.12) pemeHnsT 0 TeKyIIel CUTyallul JOJDKEH COOTBETCTBYIOIIMM OOpa-
30M M3MEHHUTH 3HAYCHUS 3JICMEHTOB MAaTPUIIbl HHTEHCUBHOCTEH (hOopMHU-
pytomux 1ryMoB Q(j). YuuteiBas, uto MaTpuiia Q(j) B ciydae GuabTpanu
JIEKapTOBBIX KOOPOMHAT 00BEKTA SIBIISICTCS AMArOHAIBHOM, a €€ 2IIeMeH-
TaMU SIBJISIIOTCSI TUCIIEPCUM YCKOPSHUI TI0 COOTBETCTBYIOIINM KOOPIMHA-
tam O( /) = diag[cﬁ , cf,, o ], TO MOXHO TOBOPHTH 00 aganTallii UMEHHO
NYCIEPCUMA YCKOPEHUIA.

B nmanbHeiiieM WIS MpOCTOTHI M3JIOXKEHUS MaTepuana 0e3 IoTepu
OOIIHOCTU PaCCMOTPUM CJy4dail (pMIbTpalliyu MO OOHON KOOpAuHaTe, Ha-
npumep x, Korna crpasemiuso O(7) =o> (/).

Takum obpa3oM, Ijig oOecrieueHUsT aganTauuy (GUIbTpa K MaHEBPY
00beKTa HEOOXOIMMO CMHTE3UPOBATh AJITOPUTM, PEaTU3YIOIIMi ¢ yUeTOM
(8.9)—(8.11) 3aBuCUMOCTh BUOa

() =1 ([ feAL[EG)-
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ITpumenum mns amantaumu duwisrpa KaiMaHa K U3MEHEHUIO MOJE-
Ji1 THGOPMAIIMOHHOTO Mpoliecca ONEPATUBHO COBETYIOIILYIO SKCIEPTHYIO
cuctemy (OCOC), OCHOBaHHYIO Ha TPUMEHEHUN HEUYETKOTO JIOTUYECKOTO
BbIBOza [8.13, 8.14].

byneMm cuutath, yTo mpolecc GpyHKIMoHupoBaHus GuisTpa Kanma-
Ha MOXHO TIPECTaBUTh B BHIE KOPTEXa HEKOTOPHIX MPOOJEMHBIX CH-
tyauuit (ITpC). Jlwbas IIpC onuckiBaeTcsl CUTYallMOHHBIM BEKTOPOM

——T
sy = [svk, k=1K :I , Kaxrmasi KoOOpIMHaTa KOTOPOTO sV, SABJISAETCS JTMHTBH-

CTUYECKOW TTEPEMEHHOM € 3aJaHHBIM MHOXECTBOM TEPMOB {SV,f, [=1,m, }

IMonaraemM, 4TO IUISI HEKOTOPBIX KOHKPETHBIX pean3aluii CcH-
TYallMOHHOTO BEKTOpa S§V° WMEIOTCS TMpELeNeHThl YCIEITHOTO pelle-
Hus Tekymieit IIpC, xapakrepusyrolimecs HEKOTOPBIM TpeleIeHTHBIM

BEKTOPOM pv={ pv,,m=1,m,, }, Kax/asi KoOpAMHaTa KOTOpOro pv, —sB-
JISIETCST IMHTBUCTUIECKOM TTEpEMEHHOM ¢ 3aJaHHBIM MHOXKECTBOM TEPMOB
[Py, p=i.n,}.

IIycte Hekotopasi IIpC, Bo3HuKawmasg Npd AUHAMUYECKON
(uneTpaluy  M3MEpeHUid, OIMCHIBAETCS CHUTYallMOHHBIM BEKTOPOM

—T
sv= [Svk, k= 132] C DMIEMEHTAMIL: SV, — «THIT OLIMOKY (QHIBTPALIAN»; SV, —

€ () € (/)

«3HaYeHUE MOMYJSl OTHOCUTEIBHOW OLINOKH
orpenensercst HGopMyIoi

», TIPU 3TOM

Eome () = |6 ) /O son » (8.13)

rme |8( J )| onpenesnsiercst hopmynoii (8.8); 6, — HEKOTOpPOE AOIMYCTUMOE

3HaUYeHUE CPeAHEKBAaAPATUUYECKOTrO OTKJIOHEHMUS OLIMOKU &(j).
IlycTh ykazaHHbIe NEpeMEHHbIE OMUCBHIBAIOTCS CIAEAYIOIIMMU TepPM-
MHOXECTBaMU:

«gomyctumast ommoka (JO)»,
SV, =1 «uenomycTuMas JMHaMUuecKas omuoOka (3HakonocrosHHas) (HAO)», =
«HEeIOoMyCTUMAs CiTydaifHas ommoOka (3HaxonepeMeHHasstHHasA) (HCO)»
={sn, =13k
«manas omudka (MO)»,
SV, = { «penensHas ommoka (TIO)», ¢ = {S V), 1= 1,_3}

«Oomnpmas omudka (bO)»
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ITonaraem, 4To JIMHTBUCTUYECKAS MTEPEMEHHAA sV, 3alaHa Ha YHU(U-
LIMPOBAaHHOM YHUMBepcaaibHOM MHOXecTBe F = {0, 1, 2}, TMHrBUCTUYECKAS

riepeMeHHas v, — Ha yHuBepcyme E = [O,

:|, a UX TCPMbI OIIMUChLIBA-

80‘|'H.max

I0TCS PYHKIIUSMY MPUHAIJIEXKHOCTH Moy, € {HSV; I=1,m, }

ITycTb TepMBbl JIMHIBUCTUYECKOW TIEPEMEHHOM SV, ONUCHIBAIOTCA
GYHKIMSIMY OIPUHAIIEKHOCTU TUIIA CUHIJIETOH:

' - 1,ecmu x =X, = 0—cuTyanyst: J0MycTUMAst OUIMOKa (;[O);
SV g, =9 (x, X )= »
1 0 .
,CCIIH X # X ;
—1, €CIIH X :x_l2 =1- curyauus: HeAOIyCTUMAs
SV? g2 =0 (% X7 )= munamnueckas omm6ra (HJIO);

0, ecru X # X}

[1,ecm x = X, = 2— cuTyalus: HeIOMyCTUMAas
SVP . =8 (x X )=1{cnyuaitnas ommbka (HCO);

0, ecru x £,

TepMbl TMHIBUCTUYECKOI TIEPEMEHHOM SV, ONIUCHIBAIOTCS CIIEAYIOIIM-
MM QYHKIUSIMU TIpUHAIIeXXHOCTH [8.13]:

):1 _(1 + exp(— a21(| Eom| — Cm))jl; (8.14)
)=exp (- (20|~ 2 ) /) (8.15)
)=(1 + exp(— a23(| €|~ 023))51, (8.16)

e a,, ¢, k = r2, /= E — napaMeTpbl GyHKIWI TPUHAMIEKHOCTH.

SI/Z] : HSV; (ISOTH

SV22 :MSVZZ (ISOTH

SVZ3 : MSV; (|80Tll

YuuThiBasi, 4TO YyIIpaBIsieMbIM IapameTpoMm ¢uisrpa KaamaHa, Kak
OBLIO CKa3aHO paHee, SIBJISIETCS] MaTpulla MHTEHCUBHOCTEN (hopMupyio-
mux mrymMmoB Q(j), a B 9aCTHOM CKaJISIPHOM cJIydae — OUCIepcrsi (hopMU-

pylomiero myma o.(j), BBeleM B pacCMOTPEHMe MpELEAeHTHBIN BEKTOP

PV = { pv,,m= l,mPV} = {pv] }, COCTOSILIIMIA U3 OIHOW JIMHTBUCTUYECKOMN
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MepeMeHHoOM pv, — «oTHocutenabHoe 3HaueHre CKO dopmupyroiero
1IyMa», YeTKOe 3HaYeHKe KOTOPOil onpenessieTcss hopMyioin

GX.OTH (j): Gx (j)/GX.HopM ’ (8 17)
rae o — HekoTopoe HopMupytollee 3HadeHue CKO, B o011eM ciyyae

X.HOpM
paBHOE HayaJbHOMY 3HAYEHUIO G, YCTAHOBIEHHOMY TIEPEN 3aIyCKOM
unprpa Kanmana.

ITonaraem, 4To JMHIBUCTUYECKAA MEPEMEHHAdA pv, 3aaHa Ha YHU-

Bepcyme E = [0,6 J— ], a e€ TepMbI OIMMCHIBAIOTCS (PYHKIIMSIMU MIPUHA -
NEXHOCTU |, € {uPVI,, ,p=Ln, }

HYCTI) PV, XapaKTCpU3yeTCA CICAYIOINM TEPM-MHOXECTBOM:

«ucxonnoe otTHocutenbHoe CKO (MOCKO)y,

«vanoe otHOocutenbHOe CKO (MOCKO)y, —
PV, = =[Py, p=14}.
«cpeanee otHocutenbHoe CKO (CPOCKO)»,

«b6omnpmoe otHOcHuTenbHOE CKO (BOCKO)»

3amaavM TepMbI MHOXeCTBa PV, cienyiomnmMu GyHKUUAMU TPUHAL-
JIEXXHOCTH:

lLeennx =X =0

x0.0tH >

PV':in,, =8 (x,% )=
LR ( 1) 0, ecru x # X

Pl/l2 : HPV,Z (Gx.o'n-x ) :1 - (1+exp (_b12 (GX.OTH - d12 )))_I’ (8 1 8)
Py Hpps (Gx.o'n-x )zexp (_ (Gx.oTH —d,; )Z /b13 > (8.19)
PV i, O o )=(1 +exp (<, © yom — s )))71, (8.20)

roe blp, dlp, p= ﬁ — TMapaMeTpbl PYHKUMN TPUHAIIEKHOCTH.

C yyeToM BBEIEHHBIX paHee CUTYallMOHHOTO U MpPeLeAeHTHOTO BEKTO-
pOB, cHcTeMa TpaBuJl, ONMCHIBAIOIIMX MeXaHU3M pelneHus Texkyuei [TpC,
BO3HUKaloIIel B rpoliecce (pyHKIMOHMpoBaHus (punbTpa Kaamana, Oynet
MMETb BUJI, TIpeICTaBIeHHbIN B Ta0. 8.1. B naHHOI1 Tabauile Kaxmasi CTpo-
Ka COOTBETCTBYET MPOAYKIIMOHHOMY TTpaBUIy HEUETKOTO JIOTUYECKOTO BbI-
BOJIa, KOTOpOE, HATIpUMED, JIJIs CTPOKU C HOMEPOM 2 UMEET BU/I

r=2: ecim (sv1 =HJI0 (]J,SVIZ)) u (sv2 = MO(u SV;)), TO (pv1 =MOCKO (“PV,* ))
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Hcnonb3ys «MruHUMaKcHoe» mpaBuiao Mamaanu-3ane [8.13] Bwipa-
XKEHUe JJISl pacyeTa UTOroBOM (DYHKIIMY MPUHAIEXHOCTU M . BBIXOJHOU
JIMHTBUCTUYECKOM TIEPEMEHHOM pv, OyIET UMETh BUIL:

[T (svl*, sn )= max rl;}l}lll (mkin (”sz (r)), “Pm(r)) , (8.21)

e Mgy ) € {”sy; =1, mk}; Moy (n € {HPle ,p=1 ”m} — (yHKIIMY IpUHAI-
JIEXHOCTH COOTBETCTBEHHO JIMHIBUCTMYECKUX NIEPEMEHHBIX SV, M pV,, BXO-

Jdamast B CoOCTaB IMPOAYKIIMOHHOTO ITpaBujia C HOMEPOM 7, SV, ,SV, — YETKHUC

3HAYEHMs BXOMHBIX MEPEMEHHBIX, Hgy () = gy (sv}: )

Tabauya 8.1
Cuctema npaBui ajis Beioopa mnpereaeHta B OCHOC
DJIeMEHTBI CUTYaLlHOHHOIO WMerommuiics mpeLieaeHT pele-
Homep | pexropa (Bxommbie munrsuctuye- | Hust TIpC (BbIXOAHAS TMHIBU-
npazB;/ma CKHe MepeMEHHBIE) cTUYecKas IepeMeHHas1)
.
sV, sV, v,

T e | w00,
T o) | o6) | oot
3 HIO (1. ) | 1O (u,. ) CPOCKO (i,,. )
T oG | o6 | ooG)
5 HCO (uw ) - MOCKO (upylz )

e K, (€ {”sr/; =1 mk}; Koy, (9 € {uPVI,,, p=1, nm} — (PYHKLIMU TIpUHAI-
JIEXXHOCTU COOTBETCTBEHHO JIMHIBUCTUYECKUX TIEPEMEHHBIX SV, U pV,, BXO-

* *
JdAmas B CoOCTaB IMPOAYKIIMOHHOTO IMTpaBujia C HOMEPOM 7, SV, , SV, — YETKUEC

3HAa4YCHUA BXOOHBIX ITICPEMCHHBIX, uSIQ ) = MSVk ) (SVk )
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.

J1st HaxOXKIEHMS YETKOTO 3HAY€HUST PV, BBIXOIHOM NEePeMEHHOM UC-
MOJIb3yeM METOJI «IIEHTPA TSIKECTH», TIPU KOTOPOM B OOIIEM ClIydae CIipa-
BeIJIMBO BhIpaxkeHue [8.13]

PVi(max) PVi(max)
* * * * * *
= [ i, @)y [ [ w, (v)dpv,  (8.22)
PVi(min) PVi(min)

rie pv,; — abcuycca HeHTpa TSKeCTH (DUIyphl, 06pa30BaHHOl rpaduKoM
WUTOTOBOM (DYHKUMU NPUHAMIEKHOCTU U, ¥ OCAMM KOOPAMHAT, IIPU U3-

MEHEHUH TIEPEMEHHOI PV, OT pvl(mm) 1o pv,

(max)*

Ilepexonst K YUCIEHHOMY WHTETPUPOBAHUIO TIO METOAY TpaTeluii
C LIAroM IMCKpeTH3auuu Apy, 1o aHamoruu ¢ [8.13] samumrem BbIpaxke-
Hue (8.22) B Buze

le(mm)Hpv,Z (p l(mm)) va u (p ) qumax)H,w,Z (pvl(max))
1) pyix '(l

. 2 2
Pvis = , (8.23)
n vy PVi(min * p Vs PVi(max
) 5 )
_ pvl*(max) _pvr(min)
raoe - <

Apv,
CrpykTypa agantuBHoro ¢uiasrpa KanMmana ¢ Heuetkoit OCOC mnpen-
cTaBjieHa Ha puc. 8.4.

DopmupoBaTestb HadaabHBIX yeiaoBuii (PHY) Ha ocHOBe MepBBIX ABYX
u3MepeHuii Habmonaemoro npoiecca {Z(0), Z(1)} n anpuopHoil uHGbOP-
Malli¥ O BUJAE MaTpUIl MHTEHCUBHOCTEH (hOpMUPYIOLIETO IIyMa U IIymMa
Habmonenus Q(0) u R(0) cOOTBETCTBEHHO, BBIYUC/ISIET HAYaIbHbIE YCIIO-
BUs i 3amycka dunasrpa Kaamana X (1), K(1). ®unerp Kanmana (PK)
Ha KaxJoM 11are paboThl popMupyeT HeBs3KY £(j) Buga (8.8). Berunciau-
TeJb JOIOJHUTENbHBIX MoKa3aTeneit HeBs3ku (BJAITH) Ha ocHoBe mogy-

YEeHHOTO 3HayeHusl &(f) BBIYUCISIET |8 ( J ){, |§ ( J ){, |s( J )| C WCIMOJIb30BaHUEM
dopmyn (8.9), (8.10). @opmuposarenb cutyannmonHoro Bekropa (PCB)
OTPE/IENICT YETKUE 3HAUCHMS S/IEMEHTOB CUTYallHOHHOTO BEKTOPA sV *():
SV — ¢ MCMOIB30BAHMEM kputepus (8.11), SV, — ¢ MUCHOIBb30BAHUEM BbI-
paxeHus (8.13). OnepaTuBHO coBeTytolas s3KcnepTHas cucreMa (OCIC)
Ha OCHOBE BXOJHOTO CUTYallMOHHOTO BEKTOpa sv'(j) Ompeneiser 4JeT-
KO€ 3HaYeHMeE BBIXOIHOIO IIpeleJeHTHOro Bekropa pv'(j + 1), Koropoe
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B YAaCTHOM CKJISIPHOM CJIydae TIPeCTaBIsieT CO00 OTHOCUTEbHOE 3HA-
yenne CKO dopmupyomero myma ¢ (j + 1). IIpeobpasosarens CKO
(ITpCKO) mepecuntsiBaeT oTHOCUTENbHOE 3HaveHne CKO o (G + 1)
B a6COJTIOTHOE 3HaYeHue ¢ (j+ 1) =o_  (j + l)cx.ﬂopw KOTOPOE UCTIOJIb3Y-
ercst B @K Haj + 1 mare.

[e(Y.
=] 8K () PE(j) Q(s+1)
BANH = @CB » 0C3C = MpCKO
J 1 m 2 3 4
e( 1)
z(§) X(J)

- o [

X{1).&(1)

R{0), o
= OHY -ll—{]| ©
z(0), z{1)

Puc. 8.4. Ctpykrypa amantuBHoro ¢pwisrpa Kaamana

Crpyktypa OCOC, Bxomdiieit B amanTuBHbIA ¢dwistp Kanmana,
NpeJcTaBieHa Ha puc. 8.5.

B3

{svlt=T m} l {pv2 p=Tn.}

5704) L) ) Py
—> Bo ——» BHAB |—» BAP |[—™

Puc. 8.5. CtpykTypa ornepaTuBHO COBETYIOIIEH 9KCIIEPTHON CUCTEMBI
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Tabauya 8.2
Anroput™ pyHakimonupoBanuss OCIC
- bO
M:' dazsnu- BHJIB BI®
HpaBI;I— ukanms
aa(r) | sv | sv, arperupoBaHue aKTUBALUA Kowmrio- | nedassu-

3ulusl | buxkamus

1 Hga| — @ = min(u’; ; ) min (a,, W, ) Borunc- BI)I‘II/ICJ'[E_
N 2 ! JIeHUE HUE pV,s

2 o “sr/; _ . . K,y 1O | TIO popMy-
o %2 mm(us"f’ Hsry ) o (az, Fog ) dopmyrne | e (8.23)
(8.22)

3 IR A .
uSV,2 2 | 0y =min Hs,,lz, HSVZZ min\ad;, “PV,‘

P

4 Mg e 4
Hep | % | @, = min B Mg ) | minfo, .

m

5 = (o .
Py o = min (pg, min (0, .

1

CucreMa (PyHKUMOHUPYET CJHAEOYIOIIMM 00pa3oM: KOHKpPETHbIE
3HAYEHUST DJIEMEHTOB CHUTYallMOHHOTO BEKTOpa sV'(j), COOTBETCTBYIO-
mero Habmomgaemoii IIpC, mocrtymator B 6ok dazzudukamum (bD),
rne mpeoOpas3yloTcs B HEYeTKHEe MHOXECTBa, ITOJIydeHHbIC TaHHBIE
SIBJISTIOTCSL BXOIHBIMU IJIsI OJI0OKAa HEYETKOIro JIOTMYECKOTO BHIBOIA
(BHIJIB), peanusylonero «MMHMMAaKCHBIM» aJITOPUTM HEUYETKOTO BbI-
Bona Mamaanu Buga (8.21), mpu 3TOM MCHOAb3yeTcs MHbOpMaIUs U3
6a3bl 3HaHuil (b3), npeacraBieHHOl B Buae Tadua. 8.1, u cogepxkaiieit
HeYeTKUe MPOAYKIIMOHHBIE IPaBUJIa, a TAKKe BU M ITapaMeTphl (DYyHK-
Oyl mpuHamiexHocTu. B 0moke aedaszsudukanmn (bJ®P) Ha ocHO-
Be cpopmupoBaHHoil B BHJIB utorosoii (pyHKIIMM MPUHAAIEKHOCTU
U, HaxoZWUTCSl YETKOe 3HaYeHHE BBIXOAHOM IepeMeHHou pv'(j + 1)
C UCMOJb3yeM BbIpaxeHUs (8.23), pealu3yloliero MeToa «leHTpa Ts-
xecTu». Anroput™M dbyHkunonupoaHusi OCHOC B ¢hopMann3oBaHHOM
BUJE MpeAcTaBieH B Buae Taoi. 8.2.

Takum obpazom, OCOC obecrieurBaeT aganTtauuio uiasrpa Kaamana
K U3BMEHEHMIO MoJeJIM MHPopMallMoHHOro Tpolecca (8.1), KoTropast Mo-
KET XapaKTepr30BaThCs Pa3IMIHBIMU 3HAYEHUSIMU BEKTOPa MHTEHCUBHO-
CTeil U3MEHEHUsI TIpoliecca, HalpyuMep, pa3IMYHBIMUA YCKOPEHUSMU 00b-
€KTa 0 COOTBETCTBYIOIIECI KOOpIMHATE.
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8.4. MaTemaTnueckoe MoageanmpoBaHne
" aHaAn3 €ro pe3yabTaToOB

ITycts mMomens (8.1) xapakrepu3yeT OBUXKEHUE a’dpOAWHAMUYECKOMN
uesau. I1ycTh BEKTOp mapaMeTpoB BKJIIOYAET B Ce€0s1 KOOpAUHATY (#) U CKO-
pocTb u3MeHeHus koopauHatsl (v): X (j) =[x, (7). x,(j) |" =[(/) v(j)]r.
VYpaBHeHUE U3MepeHni (8.2) COOTBETCTBYET, HAIIPUMED, JaTbHOMEPHOMY
KaHaJy TpeXKOOpAUHATHOM asponpomHoii PJIC.

OyHKIMOHATbHBIE MaTpUIIHI B (8.1) 1 (8.2) nuMeIoT BUI:

1t /2
b= ) I'= ; H= 1’ s
o b [ e
ret="1

o — 1= 1c, j=0,600 .
Bekroper opmupylomiero myma N (j) = [n ] v niyma HaGmogeHUS
NJj) = [n ] xapakrepusyloTcsi 3a1aHHBIMU KOBAPUALIMOHHBIMU MaTpuIa-

2 . 2
MU, COOTBETCTBEHHO, O, = [GX :|, o, = 1m/c?, R())= [GZ ], o, = 25 M, Bek-

TOp M3MepeHUi umeeT BUI Z(j) = [z,(j)], BEKTOp MHTEHCUBHOCTH MaHEBpa
umeer Bun A () = [a,(D] (a,() € 10, 3g], g = 9,8 m/c?).

PeanbHas TpaekTopus ABMKEHUSI 0OBEKTa Ha UHTEepBaJie BpemeHH [0,

600]c 3amaHa cieayouein MOIEIbIO:
DX(j)+Tn (j), 0< /<200,
X(j+1)=3@ X (j)+T (2g+n,(/)), 200 < j <400,
DX (j)+Tn (), 400 < j <600,
rae X(0) = [10° m, 83 m/c]”.

[ns onleHKM KadyecTBa (UIBTpA HA OCHOBE pa3pabOTaHHOTO ajro-
putma agantauuu (8.21), (8.23) ObUT TIpOBENEH €ro CpPaBHUTENbHBIN
aHanu3 ¢ KiaccudeckuMm GbwibTpoM 6e3 amanrtamuu Bumga (8.3)—(8.7)
U c GWIBTPOM, aanTUPYyEMbIM Ha OCHOBE TPOLEAYPHI, NTPEICTaBICH-
Hol1 B pabore [8.5]:

ol(j-1)  mpn e < o,
o ()=11.250,(-1) mpu [e()|=0,, [(jY=[E(), (824
o (j-1)/125 mpu |e(j)=0, [(j)>[()
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HavansHble yenoBus 11t GUIIBTpa 3a1aBATMCh CIEAYIONINM 00pa3oM:

52)=2Q2); %2)=v(2)=(Z2)-zO)/x

o’ 0
CE
HauanbHble ycI0BUSI TaKKe MOTYT OBITh OIpeAeeHbl 10 aHaJIOTUH
C aJiIrOpUTMOM, MPUBEIEHHBIM B padote [8.15].
IMapamerpsr dyHKIMiE npuHamiexHoctn (8.14)—(8.16) u (8.18)—
(8.20), ucrmonb3yeMbix B OCDC, nipeacranieHbl B Ta0. 8.3, a UX BUI — Ha
puc. 8.6, 8.7.

Tabauya 8.3
ITapameTpsl GYHKIINI TPUHAIJICKHOCTH
! aZi CZ[ bli dlt
1 2 2 — —
2 3 2 2 2
3 2 4 30 10
4 - - 2 18

0 2 4 |Em H.|
Puc. 8.6. ®yHKinMy npyHAIIEKHOCTH BXOAHOM TUHIBUCTUYECKOM IIEpEMEHHOM

PesynsraTom paboTel anroputMmoB amantauuu (8.22)—(8.24) B KO-
HEYHOM WTOTe SBJSIETCS U3MEHeHUe KodbhduilmeHTa ycwieHUus (uib-
Tpa, NPUBOASAIIEE K U3MEHEHUIO €ro peakllMi Ha BHOBb MOCTYIHBIIWE
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usMepenus. Ha puc. 8.8, 8.9 npencrasieHsl rpadvky 3aBUCUMOCTH KO3(D-
(utmeHTOB yeweHus hUIIBTPa VTS pa3TUIHBIX AJITOPUTMOB aarTallim.

AHau3 MPUBENECHHBIX PUCYHKOB IMOKA3bIBAET, UYTO pa3pabOTaHHBIA
TOpUTM amantaiuu (cM. puc. 8.9) obecreuynBaeT Oojiee ONepaTUBHOE
U3MeHeHue KO3(PPUIIMEeHTOB yCuaeHus (puibTpa Npyu MaHeBpe OObEKTa,
10 CpaBHEHUIO ¢ airoput™MoM (8.24) (cM. puc. 8.8), UTO, B CBOIO OUYepe/ib,
YMEHBIIIAeT OIMOKY (PMIBTPAIIMY B TIEPEXOTHOM PEKUME.

1

P
PV]

1

0.5

Puc. 8.7. ®yHKIMM npuHAIEKHOCTH
BBIXOAHOI JTMHIBUCTUYECKOU EpeMeHHO’

ki1s k)
0.8

0.6
0.4

0.2

Puc. 8.8. U3aMeHeHMe KO3GhOUIIMEHTOB yCUJIeHUST (DUIBTpa

C aITOpUTMOM ajaanTaiuu (8.24)
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T T

k]HkQI

0.6

04

02

0 200 300 ;

Puc. 8.9. UsmeHeHne KO3GhMULIMEHTOB yCUIEHUS (DUIIBTpa
¢ anroput™MoM amanrtanuu Ha ocHoBe OCOC (8.22), (8.23)

Jlnst oueHKM KavecTBa (pMIBTPALMM BBEAEM MMOKas3arellb CPeIHEKBa-
apatryeckoil ommoku p( X, x ) Buaa

0G0 5 2E0-0) 29

j=2
rie X, (j) — oueHka koopauHathl (8.1), moiydeHHass Ha OCHOBe (UIIBTpa
Kanmana (8.3)—(8.7); x(j) — meiicTBUTeNIbHAS TPACKTOPUS, MOJyYEHHAS
Ha ocHoBe Moznenu (8.1). B pesynbrate MoneIMpoBaHUs MOJIYYEHBI ClIeay-
IolIMe 3HaYeHus TTokaszarens (8.25):

p )?1('), xl) = p(f(l), r) =367,3;
p )?1(2), xl) = p(?(z), r) =68,3;
p(E7, x)=p(F*, r) =363,

re £V ()= (j); 22 (j)=F® (j);: 57 ()= (j) — ouenka koopmuHa-
ThI, TOJy4€HHasi, COOTBETCTBEHHO, C WCITOJIb30BAaHUEM HEaTalTUBHOTO
(unsTpa, dunsrpa ¢ aganTaiueir Ha ocHOBe anroputMa (8.24), dunsrpa
C amamnranueit Ha ocHoBe anroputma (8.22), (8.23).

Ha puc. 8.10 npuBeaeHsl rpadvku U3MEHEHUST aOCOTIOTHOM TTOTrpen-
HOCTU (pUIBTpAIMU TSI OMHOM peau3aliuy NPy UCTIOIb30BaHUN (PUITh-
Tpa 6e3 amanTamuu (rpacduk 1), bunsrpa c anropuTMom agantaiuu (8.24)
(rpaduk 2), pusrpa ¢ anroputMoM aganrtamuu (8.22), (8.23) (rpacdux 3).
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AHaJIN3 JaHHOTO PUCYHKA IMTO3BOJISIET CAEATh BBIBOJ O TOM, YTO B YC-
JIOBUSIX MaHEBpa 0ObEKTa 3HAYEHUE ITOKa3aTesisl CpeIHEKBAAPATUIECKOMN
OLIMOKHU M1 pa3pabOTaHHOrO aaropuTMa ajanTauuu (GUIBETpa MpUMep-
HO Ha 47 % MeHbllle 3HaYeHUsT aHAJIOTUYHOTO TMoKas3aTess st GUIkTpa
¢ amanrainueil Ha ocHoBe ajaropuTtma (8.24).

."\.\‘I I I

~2.10°

200 400 I

Puc. 2.10. Tpapyku nameHeHUs1 aOCOIOTHOM MOTrpeIHOCTU (DYIIBTPALIUUA
IIJIST Pa3IMIHBIX aJITOPUTMOB afarnTalliu

B TO Xe BpeMs clienyeT OTMETUTh, YTO MPEIIOXKEHHBIA METO, afar-
Tallid U COOTBETCTBYIOIIUN (DUIBTP XapaKTepU3YIOTCsS OOJBIIUM 3Haye-
HUEeM (IIYKTYallMOHHOM OIIMOKM IO CPaBHEHUIO C KJIACCUYSCKMM He-
aganTUBHBIM (UIBTPOM (B YCIOBUAX TipuMmepa Ha 12 %). Kpome Toro,
pe3yJbTaThl MOACTUPOBAHUS CBUACTEILCTBYIOT 00 3G (MEKTUBHOCTH MPH-
MEHEeHUs pa3pabOTaHHOIrO ajropuTMa aganTaluy QUIETpa.

8.5. BeriBoabr

8.5.1. IIpenoxXeHHBI MeTOoA afanTUBHOW HAacTpoukM (unbTpa Kam-
MaHa ¢ MCITOJIb30BaHUEM HEUYETKOUW SKCMEepTHON CHUCTEMBl B 3a1aye Ciie-
XEHUs 3a mapameTpamMy JTWHaAMUYECKOro MHGOPMAIlMOHHOro Mpolecca
MO3BOJIIET CHU3WTh TWHAMMWYECKYI0 OIIMOKY (MJIBTpauuu (B YCIOBUSIX
npumMepa Ha 47 %).

8.5.2. B oTcyTCcTBMY U3MEHEHUS TUHAMUKU UH(MOPMALIMOHHOTO TIPO-
lecca MpeqIOoXEeHHbI METOMd aJanTallid W COOTBETCTBYIOIIWNA (DUIBTP
XapaKTepu3yloTcsd OObIIMM 3HauYeHUEM (IIYKTYyallMOHHON OIIMOKMU IO
CPaBHEHMIO C KJIAaCCMYECKHWM HeaAalTUBHBIM (QUIBTPOM (B YCIOBUSIX
npumepa Ha 12 %).
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8.5.3. O6nacTbio NpUMEHEHNST pa3padOTaHHOTO METOa MOXET ObITh
VH(POPMAIMOHHO-MAaTEMAaTUYECKOE O0ECTIeUeHUE PAAUOTEXHUIECKUX CH-
CTEM Pa3IUYHOIO Ha3HAUYECHUS: PAAUOIOKALIUY, PATIUOHABUTALINHY, TPACK-
TOPHBIX U3MEPEHUIA.

Aurepartypa

8.1. Pagmorexumaeckue cuctemsl / Ilom pem. FO. M. KazapunoBsa.
M.: U3sn. ueHTp «Akamemust», 2008. 592 c.

8.2. 3unrep PA. OueHka xapakTepruCTUK ONTUMAJIBHOTO (hYITBTpA IS
CIeXEeHUS 3a MMIIOTUPYEMOU IIeiblo // 3apy0eskHasl pagrnod3IeKTPOHNKA.
1971. Ne 8. C. 40-57.

8.3. MeTon OIIeHKM MapaMeTPOB ABIDKCHUS YIIPABISIEMOTO JICTATEIb-
HOTO amlrapara Ha OCHOBE OOBEAMHEHHOTO IIPWHIIMIIA MaKCUMyMa C T10-
cTpoeHreM omopHoi Tpaekropum / A.A. Kocrtornoros [m mp.] // Yerexu
COBpeMeHHOM paanodaekTpoHuku. 2012. Ne 6. C. 61-66.

8.4. Huxutuna A.A., Ipuuplk I1.A. CompoBoxneHe MaHEBpUPYIO-
wieit uesan // Autennst. 2013. Beiyck 1 (188). C. 25-29.

8.5. Ponkun M.M. AnanTuBHEBINM MeTon HacTpoiku ¢uinbTpa KaaMa-
Ha // VI Bcepoccuiickast koHbepeHIIS «Pamromokanys 1 paarocBsI3b».
19—22 nosaopsg 2012, . Mocksa, Poccusa. M: Uzn-Bo UPD um KorteasHn-
koBa PAH, 2012. C. 125-128.

8.6. Enucees A.B., My3sbiuenko H.}FO. MeTon aganTiBHOM HACTPOMKU
¢unprpa Kamvana B 3amade ciaeXeHHs 3a TMHAMIYECKIM OOBEKTOM C He-
M3BECTHEIM ycKopeHueM // Pamnorexauka. 2014. Ne 8. C. 39-44.

8.7. IlepoB A.W. AmanTUBHBIC AITOPUTMBI COITPOBOXICHMS MaHEBPH -
pytomux 1eneit // Pannorexuuka. 2002. Ne 7. C. 73-81.

8.8. bakyne I1.A., Ceruee M.U., Hryer Yonr JIery. MHOTOMOIETB-
HBIIl aJITOPUTM COIIPOBOXICHUSI TPACKTOPUN MaHEBPUPYIOIICH HEIH II0
JaHHbIM 0030pHoii PJIC // Pamnorexnuka. 2004. Ne 1. C. 26-32.

8.9. My3srueHko H.FO. CuHTe3 ONTMMAaIbHOTO JTUHEHHOTO M3MEpH-
TeJIsT TIpY HAaOMIOACHMAX Ha (DOHE KOppeIMpOBaHHBIX ITyMOB Ha 6a3e He-
YETKO-JIOTUYECKUX aIropuTMoB // PaguorexHuka u anektpoHuka. 2010.
T. 55. Ne 7. C. 808-811.

8.10. Emuceen A.B., Kanamnaukos P.M., Tiopua I.A. AIroputm auc-
KpeTHOU (PMIBTpAllU B YCIOBUSIX TMHAMUICCKUX TTOMEX HaOIoneHus //
ABTOMAaTH3aLIMs U COBpeMeHHbIe TexHoaoruu. 2014. Ne 5. C. 26-34.

8.11. EmuceeB A.B., KpeuioB A.A., Octamrenko A.B. Anropwur-
MBI 00OpabOTKM WM3MEPECHUI MapaMeTPOB ABIDKCHUS MaHEBPHPYIOIIETO

196



Pasder 8

00BEKTa B yCIIOBUSIX HEPABHOTOUHBIX M3MepeHuit // Pannortexauka. 2014.
Ne 8. C. 29-38.

8.12. Bynbiues 1O. T., Enucee A.B. [IpoGiemMbl XeCTKOCTU ypaBHe-
HUI TpUOIMXEHHON HeMWMHeWHoM (uisTpanuu // ABTOMaTuKa M Tee-
MexaHuka. 1999. Ne 1. C. 35-45.

8.13. Tocte B.W. [IpoekTMpoBaHME HEYETKUX JIOTUYECKUX PETYISATO-
poB i cucTeM aBTroMatudeckoro yrnpasieHusi. CI16.: bXB-IletepOypr,
2011. 416 c.

8.14. EmuceeB A.B. MnmenTudukamms HEYSTKOM MOICIM B 3amade
CHUHTe3a peryasTopa // ABTOMATH3allsI U COBPEMEHHBIE TEXHOJIOTHH.
2005. Ne 11. C. 3-12.

8.15. EnuceeB A.B. OnieHrBaHUE BEKTOpPA COCTOSTHUS OOBEKTA HA OC-
HOBe (PMIIBTpa ¢ HEYETKOM JIOTUKOH // ABMaKOCMUYeCKOoe TPUdOpoCTpoe-
Hue. 2006. Ne 4. C. 30-38.

197



YK 62-50

9. METO/A ITOCTPOEHMSI CUHTE3UPYIOIITEN
OYHKIONN OB BEAVIHEHHOTI'O ITPMHIIUITA
MAKCUMMYMA B 3AAAYE CTPYKTYPHOI'O CMHTE3A

Kocmoeaomos A.A., Jlazapenxo C.B.

Annomauusa — VictionbzoBanue npuHiuma lamuiasrona—OcTporpaackoro
IUTSL pellieHHsT TTpoOJIeMbl CUHTE3a TIO3BOJIAET MOJIYYUTh HEOOXOMUMOE YCIIO-
BUE MUHUMYMa 1IeJIeBOTO (pyHKIIMOHAJA B (popMe 0ObeIMHEHHOTO TIPUHIMAA
MaKCHMyMa C TOYHOCTBIO O CHHTe3upymollei pyHkiuu. Ero npumeHeHue
MO3BOJISIET OMPENEUTh CTPYKTYPY YIIPAaBI€HUSI C TOUHOCTBIO 10 CUHTE3UPY-
fomelt yHKIMK. s ee MOCTpOeHMs TIpeutaraeTcs NCIOIb30BaTh CKOOKU
IlyaccoHa. DTO MO3BOJSIET CBSI3aTb CTPYKTYpY CHUHTE3Upyollei GyHKIUU
C KPVBBIMU TIEPEKITIOUYEHHSI, HA KOTOPBIX COXpaHSET CTallMOHApPHOE 3HAUCHUE
TamMuIBTOHMAH YIIPaBISIeMOM CUCTEMBI.

Karoueevte ca06a — 0ObeIMHEHHBIM TTPUHIIMIT MAaKCUMyMa, KpUBast Iepe-
KJIIOUEHMSI, CUHTE3Upylollas GyHKIMsI, CTPYKTYPHBI CUHTE3, ypaBHeHUe Jla-
rpaHxXa BTOPOTO poja.

9. METHOD OF CREATION OF THE SYNTHESIZING
FUNCTION OF THE COMBINED-MAXIMUM
PRINCIPLE IN THE TASK OF STRUCTURAL SYNTHESIS

Kostoglotov A.A., Lazarenko S.V.

Abstract — An application of Hamilton principle for tasks solving in struc-
tural synthesis allows obtaining necessary condition for objective functional as
a combined maximum principle accurate to synthesizing function. Thus, it de-
fines control structure accurate to synthesizing function. It is proposed using
the Poisson brackets to construct the function for it allows binding synthesizing
function structure to switching lines, on which retains control system Hamilto-
nian retains stationary value.

Keywords — combined maximum principle, switching line, synthesizing
function, structural synthesis, Lagrange equation of the second kind.

9.1. BBeaenue

IIpu pa3paboTke rinodanbHbIX UHOOPMALIMOHHBIX CUCTEM BO3HMU-
KaeT 3agada oOecreueHusl BBICOKOIo KauecTBa 00paboTKu nHGpopma-
MM Ha Bcex aTamax e€ mpeoOpa3oBaHus. BoszHuKalolas Npu 3TOM
npobjemMa CTPYKTYPHOTO CHUHTE3a COBPEMEHHBIX HEJWHEUHBIX WMH-
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(opMaIMOHHO-YIIPABISIOMNX U M3MEPUTEIbHBIX CUCTEM SIBIISETCS
KOMIIJIEKCHOM, TMMOCKOJBKY YIy4lIeHUe TeXHUUECKUX XapaKTepUCTUK
OTAETbHBIX BJIEMEHTOB TMPUBOIUT K yBEIWYEHUIO MMoKazarteyeil 3¢-
dextuBHOCTH B 11IesIOM [9.1, 9.2].

B Hacrosee BpeMsI U3BECTHO MHOTO KOHCTPYKTUBHBIX PE3YJib-
TaToB [9.3—9.8], KoTOpbIe OOBENUHSIET OOLINI OOBEKT YyIPABICHUS —
JlarpanxeBbl nuHamMmuyeckue cucteMsl. [Toatomy B [9.9-9.15] B oc-
HOBY TPOIEAYypHhl CUHTE3a ITOJIOXEH TPUHIIAI Y4YeTa €CTECTBEHHBIX
0COOEHHOCTel MUHAMUYECKOW CHUCTeMbl B (opMe WHTerpana neii-
CTBUS. DTO B COBOKYITHOCTH C allliapaToM aCUHXPOHHOTO BapbUpOBa-
HUS TTO3BOJISIET MOJIYIUTh C TOYHOCTBIO 10 CUHTE3UpYIollel hyHKIIUN
HOBble KOHCTPYKTUBHBIE HEJMHEWHBIE 3aKOHBI ympaBieHus. Takum
o0pa3oM, 3amadya CTPYKTYPHOTO CHHTE3a CBOAUTCSI K IOCTPOEHUIO
CUHTe3upylomeil GyHKIINM.

Lens pabGoTel — pa3paboTKa MeToJa MOCTPOSHUSI CUHTE3UPYIOIIei
dyHKIMAU.

B cooTBeTCTBUYM C UCXOMHBIMU TIOJIOXKEHUSIMU CHTE3a Pa3BUBAEMOIL
TEOpUU TUHAMUKA CUCTEMBI YOBJIETBOPSIET KAHOHUYECKUM YPaBHEHUSIM
Tamunerona [9.9-9.15]. IlosToMy MeTOm MOCTPOEHUSI CUHTE3UPYIOIIEeH
(yHk1IMM Ga3upyeTcsi Ha aKCMOME O TOM, YTO KPUBBIE TIEPEKITIOUCHUS —
TepBbIe MHTETPAIBI IBVDKEHUS. DTO TTO3BOJISIET CBA3aTh CTPYKTYPY CUHTE-
3upytonieil GyHKIIMY ¢ KPUBBIMU TIEPEKITIOYEHNUSI, Ha KOTOPBIX COXPAHSIET
CTallMOHapHOE 3HaueHue [aMUIbTOHMAH YIIPaBIsIeMOI CUCTEMBI.

Db bheKTUBHOCTh pa3padOTaHHOTO METONa TMOATBEPXKAAETCS Pe3ysib-
TaTaMU CTPYKTYPHOTO CUHTE3a CUCTEMBI YIIPABIECHUS SJEKTPUIECKOTO
JBUTATENsI. AKTYaJIbHOCTh PEIlIeHMST TaKOW 3amadyu 00ycIoBiIeHa HEO0XO0-
JIMMOCTBIO TTIOCTPOEHUSI TIPEIIM3UOHHBIX UHEPITUATBHBIX CUCTEM, T/IE B Ka-
YECTBE MPUBOJHOTO JIBUTATENISI TUPOCKOIA C Ta30AMHAMUYECKUMU OTIO-
paMM MOKET MCIOJIb30BAThCsl OECKOHTAKTHBIM MBUTATENb MOCTOSTHHOTO
TOKA C TIOCTOSTHHBIMY MarHUTaMM.

9.2. IlocTaHoBKa 3agaumn

B CcOOTBETCTBMU C TIOMOXEHUAMY AHATATUYECKOM MEXaHWKU TIPU
IBIDKEHUN YIIPABISEMOM CHUCTEMBI BBITTONHIETCS PABEHCTBO HYIIO 3JIe-
MEHTApHOro 3HayeHus [9.9]

§'S = [ (87 +384)dr =0, (9.1)

l
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MHTCIpaia TNEACTBUS

S= j(T+ A)dt, 9.2)

l

rae f,, t, — BpeMs Hayajla 1 OKOHYaHMs YIPaBIAEMOro MPOLecca; 1 — YUC-
JI0 cTernieHei cBoOoabl. KmHeTndyeckass 3Heprusl Uil TMHAMUYECKOM CH-
CTEMBI CO CTallMOHAPHBIMU CBSA3IMU [9.9]

non

3 a4, s=1n k=Ln, (9.3)

=
2 s=1 k=1

TIe g, ¢, — 00OOIIEHHbIE KOOPIMHATHI M CKOPOCTH; @, — 3JIEMEHTBI Ma-
TpULBI KBaApaTUyHO ¢opMbl. PaboTa 000011IeHHBIX CUJI Ha HaOIIogae-
MOW TPaeKTOPUM OIIPEACIISETCS BRIPAXKEHUEM:

q,(4) 5

A= [ Y (U,—-9®/ag, -0T1/dq, ) dg,, (9.4)

4, () 5=!

rae U, — ynpasisiomye 0000IEHHbIE CUIIBI; 0@ /9d¢, — nuccunaTUBHBIE
0006uIeHHbIE cuIbl II1/dg, — moTeHUManbHBIE 06061EeHHbIe cuibl. Torma
opmanmsm Jlarpanxa mo3BoJisIeT MONTYyYNUTh YPAaBHEHUSI TBUKEHMUSI B CJie-
nytomeit popme [9.9, 9.10]:

. S . LB s o
qs :zalsl (Ul_a(b/aql_an/aql)_z E{k m}qkqm :U:+F; :Qs’
1=1 k=1 m=1

q.(t) = q,;
q,(t,) =40 m=1., [=1n, ©9.5)

S
e { X } — cumBosibl Kpucroddensa sroporo pona; F, — 000OIIEHHbIE
m

CHJIBI C U3BECTHOI CTPYKTYpOIi; Q. — paBHONEHCTBYIOIIASA OOOOLIEHHBIX CHIL.

®opMaTbHOE OTHECEHME YacTH SHEPIMM K paboTe HEM3BECTHBIX
YIPaBIAIOMUX 06061IEHHbIX cUl U, O3BOJSAET BBECTU ONpE/IEIeHHO MOo-
JIOXHUTEJIbHYI0 (OpMY KBaJpaTUYHBIX CKOPOCTE, KOTOpas TPaKTyeTcsl
KaK KMHeTu4ecKas aHeprus cucteMsl (9.5) [9.9]:

T=05%4., s=1n (9.6)

s=1
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BoiOpaH ueneBoit pyHKIIMOHAN

oo 4o
J=0,5[Y Adt=0,5[> (v, ~q,)dr, 9.7)

T s=1 T s=1
riae y, € R — xenaeMblii 3aKOH MU3MEHEHMS COCTOSHMUS.

IMoctaBuM 3amavyy CMHTE3a 3aKOHA YIpPaBJICHUS OJIs1 AMHAMUYECKOM
cucrembl (9.5) — HaWTU 3aBUCUMOCTU YNPABJISAIOIIMX OOOOLIEHHBIX CUII
U, € Gu ot ($ha30BbIx 06061IeHHbIX KoopauHar (g,,d, )€ R® mipu ycnosun
MHWHMMYMa IiejieBoro yHkuunonana (9.7).

9.3. CuHTe3 3aKOHAa yIIpaBAeHNs

Perrenue mocraBiaeHHOI B 11. 9.2 3a1aun TpeOyeT OTBICKAHUS YCTIOBUS
MHUHMMYMa pacIIMpeHHOro 1ejIieBoro MyHKImoHana [9.5, 9.6]:

4 n
J, = I(O,SZAf +1 (v, 4, )Jdt, (9.8)
o s=1
rIe A — HeolpeAeJeHHBI MHOXWTEb Jlarpanxa.

Pewenne 3agaum maer, Kak rmokasaHo B padorax [9.11-9.13, 9.15], Te-
opeMa 00beIMHEHHOTO NMPUHLMITA MAKCMMYyMa, YTBEpXKIalolasi, 4To st
TOro, YTOOBI yIpaBsjsiiouiast 06o61eHHas cuia U, € Gy U COOTBETCTBYIO-
was eit Tpaektopus (¢,,q, )€ R’ 10CTaBASIM MUHUMYM DacUIMPEHHOMY
dyskmoHany (9.8) npu orpanmyeHum (9.1) He0OXOIMMO BEHITIOTHECHUE
YCIIOBUS MaKCUMyMa [Utst GYHKIMK 0600IeHHO MotTHOCTH @ ImepeMeH-
HBIX (q,,4, )€ R’

n

®=max\y. (U, -A,)4.%>0, 9.9)

dsvd 5

Ha KOHLAX TPaeKTOPUU NPU ! = £ U [ = {, BBITIOJHAETCS YCIOBUE TPAHC-
BEpCaJIbHOCTH Ha 3JITUIICOMJIE TOBEPXHOCTH TEPEKITIOUeHUS, 3aITMCAaHHOE
¢ nomolblo ¢pyHkuuu lamunsrona [9.9]:

H=MT+4)+0,5% A? =0, (9.10)

s=1
VYhpasnstoiiye 00001eHHbIE CUJIbI, TOCTaBJSIONINE MUHUMYM lieJie-
BoMy (dyHKIIMoHay (9.8), onpenessiioTcss B COOTBETCTBUU € (9.9) BbIpa-
xeHueM [9.10, 9.13]:

U, =" (g, +4,). 9.11)
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OTKyHa 13 (9.5) ¢ TOYHOCTBIO 0 CHHTE3UPYIOLIEH HYHKIMK L B paspe-
IIEHHOY OTHOCUTENIBHO CTapIllei MPOM3BOHON hopMe nMeeM:

G, =0 =1" (g, +A J+F;
q.(t) = q,;

4. (%) =4y 9.12)

9.4. MeTOa IIOCTpOEeHMsI CMHTe3UpyIomen GpyHKImm

B pa6otax [9.9—-9.14] noka3zaHo, 4TO cMHTe3UpYyIolias MGYHKIIUS 3Ha-
kooTpuuareiabHa. CornacHo (9.12) oHa ompeneseT GopMmy JMHUI Tepe-
KJTIIOUEHM ST, TTPOXOISIINX Yepe3 TEPMUHAIbHYIO TOUKY:

UOS = l’lsq's +As = 0 (913)

ITockosbKy J1I060€ OBUXKEHWE YIpaBIseMON TUHAMUYECKOW CUCTe-
MBI YIOBIETBOPsET MpUHIMITYY [aMmibToHa — OCTpOrpaackoro, TO IS
Joboro nepemenieHus1 ypaBHeHue (9.14) 10KHO OBITh EPBBIM MHTETpA-
JIOM JIBVDKEHWSI, KOTOPBII OTpeNesIsieT COOTBETCTBYIOIINE KAHOHUIECKIE
ypaBHeHus [amunberona. Torma B cooTBeTCTBUM ¢ paboToit [9.9]

_0H, dU,, H, U,
~dg, op, Ip, 0q,

Uy, H,] =0, (9.14)

e p, — 000011IeHHbIE UMITYJICHI, a [] — cko0ku Ilyaccona.

Haiee ydTéM, 4TO Ha TTOBEPXHOCTHU TMEPEKIIOUeHUST paboTa He MPOU3-
BoauTtcs, T.e. A = 0. B pedyabrate mist GUKCUPOBAHHOTO MOMEHTA BpeMe-
HU [aMUJIBTOHMAH TIPUMET ClIeayolLyo Gopmy:

H,=\T+0,5) A} = const. (9.15)

s=1
ITpoBenem HeoOXonUMBbIE TPEOOPA3OBAHUS:

oH, OH U v,
_:_AS, 0 0s :_1, 0s _— . 16
3. . 2. w " (©.16)

Ag;

s

B pesynbrate BeipaxxeHue (9.14) npuHuMaeT BU;
}\‘q.s = “’SAS’ (917)

202



Pasdea 9

oTKyna ¢ ydetoM (9.14) u 3Haka cuHTesupymomeir GyHkumu [9.9—9.14]
CIIpaBeUIUBO:

A

Mg,

a 3HaA4YuT
—ng, +A, =0. 9.19)

TakuM oOpa3oM, Ha JIMHUM ITePEKIIOYEHMS BEIMYMHA CKOPOCTHU Orpa-
HUYEHA KUHEMAaTMYECKUMM HETOJJOHOMHBIMU CBA3AMU. IIpu uckaxxeHun
TaKUX CBA3€il COITaCHO IPUHIIUITY OCBOOOXIaeMOCTU BO3HUKAET HEOO-
XOJIVMMOCTh BBEACHUS CUJI peaKIuu cBs3eit [9.9]

R =lg =—JAe, (9.20)

Ilie € — MHOXMTEIM HETOJIOHOMHBIX CBsA3€ii. MIX anemeHTapHas pabora Ha
BUPTYQJIbHBIX IIEPEMEILICHUSIX UMEET BULL:

SE=Y R3q,. 9.21)
s=1

BUpTyaIbHbIE TepeMeleHNs] Ha JIMHUK MEPEKIIOUeHNs, KaK MOKa-
3aHO B pabote [9.9], coBmamaloT ¢ UCTUHHBIMU, 1MO03TOMY &'E = dE. Yuer
9TUX CHJI OCYIIECTBJISIETCS IyTeM BKJIIOUCHUS MX B MHTETpas NeCTBUS.
BcnencrBue atoro paciipeHHbIN hyHKIIMoHaI (9.9) mpuHUMAaeT BUA:

J’:]'[O,Szn:Af+E+ x(T+A)J dt=]H'(q,p)dI, 9.22)
f s=I %
OTKYyJIa YCJIOBHSI CTAIMOHAPHOCTH [AMUIBTOHMAHA M3MEHSTIOTCSI:
H] :XT+0,5iAf + E = const. (9.23)
COOTBETCTBEHHO -
%Z‘; =-A +lg;
%Z 0 .. (9.24)
Torna
-, (AS +/e, ) =2q,. (9.25)
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OKOHYATETHLHO JUISI CUHTE3UPYIOIIEH (PYHKIIMY UMEEM:

n, =-g,|/]a, +he,|. (9.26)
3aKoH yrpaBJICHUA NPUHUMAET BUJ
U, =27 (A, -2d;|q /(A +Re,)), e 20, (9.27)

9.5. CTpyKTypHDIJ CMHTE3 CUCTeMBI yIIpaBAeHMsI
9AeKTPUYIeCKMM ABUTaTeaeM

3amava yrpaBieHUs] HEJIMHEMHBIMU OOBEKTaMM, ONKMCAHUE KOTOPBIX
BO3MOXHO MOJEJIbI0 MaTeMaTUYECKOro MasiTHMKa IO3BOJISIET HarJIsSIHO
JEMOHCTPUPOBATh PAOOTOCIIOCOOHOCTh PA3IMYHBIX PELICHUII U MPOBO-
JIUTh UX CPaBHUTE/IbHBIM aHAIU3.

ITycth 0OBEKT ympaBieHUsl 3ajaH ypaBHeHMeM JlarpaHxka BTOpPOTro
pona [9.11, 9.16]:

g=sing+U;
q(0) = 2;

q(0)=2, (9.28)

r1e g — yroi rosopora; U — yrpaBIsioniuii MOMEHT.

Mogens (9.28) onuchiBaeT MpolecC YIpaBieHUs OeCKOHTAKTHBIM
JIBUTATEJIeM ITOCTOSTHHOTO TOKAa W HE YYWUTHIBAE€T YIOJl pacCOIIacOBaHMSI
MEXIy MarHUTHBIMHU TIOJISIMU POTOpa M CTaTopa, a TakKe 3aBUCUMOCTH
MOMEHTa COMPOTUBJIEHUST OT CKOPOCTU BpalleHus1 potopa [9.17, 9.18].

-1
TpeOyeTcst HATH 3aKOH yIpaBieHUS MPU OTPaHUYEHUU A |U| = 5,
obecrneynBalOIIMA pexuM TopMmoxeHus (9.31) mnpu MUHUMYMeE
¢dyHKIIMOHAMA

J=0, 5?[ (B —2¢7 - q)zdt —> min, (9.29)
0

TMOCKOJIbKY OTKJIOHEHHE OT TPeOYeMOro ABMKEHUSI BIMSIET HAa CPOK CIYXK-
Obl MEXaHUYECKOM YacTU MPUBOAA.
Torna

o l9] 4 o
= —_ 4N _ A
g e (v=9) (9.30)
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Hcnonbs3oBanue cuHtesupyroieilt dpyHkuuu us [9.10] mo3Bossier no-
JIyYUTH CJAEAYIOLIUI 3aKOH YIIPaBIEHUS
q19 -
u=-1 ‘(v-9) (9.31)
|La]
rae L — KOHCTaHTa, KOTopast ompenesisieT (hopMy KpUBOU TIepeKITIOYSHMS g.
PesynbraTel MaTeMaTM4eCKOTO MOJAEJIMPOBAHUS TMPEACTAaBICHBI
Ha puc. 9.1.

-0.5

1

Puc. 9.1. ®a30BbIii TOPTPET IJISI CHHTE3UPOBAHHOTO 3aKOHA YIIPABICHUS:
CIUIOLIHASI IMHUSI — TPY CUHTE3UPOBAaHHOM 3aKOHe yrpaiaeHus (9.27):
IITPUXOBAs JUHUS — TIPU CUHTe3Upylomieit pyakmm (9.31)

Ha naHHOM purCyHKe CIUIONIHOM JIMHUEN n300paxeH (ha30BbIii Mop-
TPET U CUHTE3MPOBAHHOTO 3aKOHA YIPAaBJICHUS B COOTBETCTBUU C BbI-
paxenueM (9.27), a IITPUXOBON JMHMEH — MPU UCIOJb30BAHUU MPEI-
JIOXKEHHON cuHTe3upyroleil dyHkuuu (9.31). AHaaIU3 JaHHOTO PUCYHKA
MOKa3bIBaeT, YTO MCMOJIb30BaHUe BbipaxXeHus (9.31) mpuBOIUT K Mepuo-
MUYECKUM OTKJIOHEHMSIM NEeUCTBUTEIBLHOU CKOPOCTU M3MEHEHUsS 0000-
LIEHHOW KOOpAMHATHI OT 3aAaHHOM. B To xXe BpeMs pereHue (9.27) obde-
CIIEYMBAET CHIDKEHME AMHAMMYECKOM OINMOKM ympaBieHust Ha 37,5 %
B cpaBHeHuu ¢ (9.31).

9.6. BerBoabr

9.6.1. OCHOBHBIM JOCTOMHCTBOM pa3pabOTaHHOTO METOoAa CTPYKTYp-
HOTO CUHTe3a SIBJISIETCSl OTCYTCTBUE HEOOXOMMMOCTH KJIacCU4ecKoil Kpae-
Boii 3agauu npuHuuna Mmakcumyma JI.C. I[ToHTpsiTMHa.

9.6.2. Pe3ynbTaThl BBHIYMCIWUTEIBHOTO 3KCIEPUMEHTA, HaIpaBJIeHHO-
IO Ha CUMHTE3MPOBaHUE HOBOTO HEJMHEHHOro 3akoHa ympasieHus Jla-
IPAaHXEBBIMUA AUHAMMYECKUMM CHCTEMaMM, ITOKa3aiu 0o0jiee BBICOKYIO
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TOYHOCTD TIOJIyYEHMSI YIIPABIISIEMOTO PeXXUMa TI0 CPaBHEHUIO C KJlacCuie-
CKUM METOJIOM.

Pabota BeimosHeHa Tipu noanepxke rpaHnta POOU Ne 15-08-03798
A, Ne 15-38-20835 mom_a_Bem u Ne 15-38-51258 mom_Hp.
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10. AYTCOPCHHI' KAK NICTOYHUK MH®OPMALINN
AAS1 ®OPMUPOBAHNS TPEBOBAHUN

K ITEPCITEKTUBHBIM OKOHEUHBLIM YCTPOMCTBAM
NMHOOKOMMYHUKAIIMOHHBIX CUCTEM

baadun O.B., Bopxces B.b.

Annomayusa — Ha ocHoBe aHayiiM3a MexaHu3Ma (yHKIMOHUPOBAHMS aB-
TOPU30BAHHBIX CEPBUCHBIX ILIEHTPOB, SIBJISIIONIMXCS YAaCTHBIM CIIydaeMm ayT-
COPCUHTOBBIX KOMIIaHUM, MOKa3aHO, YTO CTATUCTUYECKH O0OpabOoTaHHBIE OT-
YETHI CEPBUCHBIX LIEHTPOB O BBITTOJIHEHHBIX OIEpalusx ¢ UCIOJb30BaHUEM
KOIIOB J1e(HheKTOB MOTYT ObITh UCITOIb30BaHbI 51 (POPMYIUPOBKY TPEOOBAHUI
K TIEPCIIEKTUBHBIM M MOACPHM3UPYEMBIM OKOHEYHBIM YCTPOMCTBAM CHUCTEM
HHOOKOMMYHUKaLUK. [TpuBOAATCS OCHOBHBIE COOTHOILEHUS MJIsI OLIEHKU
a3 dhekTUBHOCTH DYHKIIMOHUPOBAHUS CEPBUCHBIX IIEHTPOB. [1py 3TOM TOKa-
3aHO, YTO BCJENCTBUE IBOWCTBEHHOTO XapakTepa CEPBMCHOIO IIEHTpa — Kak
KOMMEPYECKOW CTPYKTYPHI M COILUAJBHO W IOPUINYECKH 3HAYMMOTO 00b-
eKkTa — K03¢hGUIMNEeHT 3(PPEKTUBHOCTU CEPBUCHOIO IIEHTpa CKJIAIbIBaeTCs
W3 IBYX COCTABJISIOIINX, OMMCHIBAIOIINX COOTBETCTBEHHO 3KOHOMMNYECKYIO
M TEXHOJIOTUYECKYIO COCTABIISIIOIINE.

Karoueevte cao6a — ayTCOPCUHT, aBTOPU30BAHHBII CEPBUCHBII LIEHTD, 2] -
(EeKTUBHOCTb CEPBUCHOTIO MPEANpPUSITUS, TeXHoJIorndeckas: 3(pGeKTUBHOCTD,
3KOHOMMYecKast 3(PHEeKTUBHOCTE.

10. OUTSOURCING AS A PIPELINE IN REQUIREMENT
SPECIFICATIONS FOR LONG-RANGE TERMINAL DEVICES
IN INFORMATION AND COMMUNICATION SYSTEMS

Baldin O.V., Vorzhev V.B.

Abstract — Based on functioning mechanism analysis of authorized service
centers as a particular case of hosted services it is shown that statistically pro-
cessed performance reports of service centers with defect codes can be used to
specify the requirements for long-range and upgraded terminal devices used
in information and communication systems. Basic correlations for efficiency
estimation of service centers functioning are given. Moreover, it is shown that
due to dual character of service center as a business structure and socially and
legally significant facility, efficiency factor of service center consists of two
components which describe economics and technology.

Keywords — outsourcing, authorized service center, service center efficien-
cy, technology efficiency, economy efficiency.
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10.1. BBegenue

OCO0EHHOCTBIO COBPEMEHHOIO 3Talla Pa3BUTHUS PaTMOTEXHMIECKIX
CHCTEM B HACTOSIIEEe BpeMsl, KaK OBLIO ITOKa3aHO B pasmeie 1, sBIsSeTcs
00BeIMHEHNE NX C KOMIIBIOTCPHBIMH CETSIMU B MH(POKOMMYHUKAIIMOH-
HbI€ CUCTEMBI, 00pa3ylollre II00abHYI0 KOMIBIOTEPHYIO ceTh. Ilpu Ta-
KOM OObEAMHEHNHU B KAYECTBE OKOHEYHBIX YCTPOMCTB MOTYT IMPUMEHSITHCS
MMPUEMHUKN, U3TOTAaBIMBaeMble Pa3INIHBIMU (PUPMaMU U 1O Pa3TMIHBIM
TEXHOJIOTUSM, 3aIIUIIEHHBIM KOMMEpPYEeCKOM TaliHO#. B Takmx yciaoBm-
X (opMmpoBaHHE TpeOOBAaHMWII K pa3pabaTHIBAEMBIM ITEPCICKTHUBHBIM
MMpUEMHUKAM, Oa3mpyloleecs Ha YUETe THIIOBBIX HEITONIAmoK, IIPeaIoCTaB-
JISIEMBIX CEPBUCHBIMM LICHTPAMM, Pa3IddacTCs B 3aBUCUMOCTU OT (hUpM-
IIPOM3BOIUTENICH. B CBSI3M ¢ 3TMM B mocjiemHee BpeMs OOJIBIIYIO TOIYIISIP-
HOCTb TTOJIyYMJIN aBTOPHU30BaHHBIC CEPBUCHBIC IICHTPBI, OPUCHTUPOBAHHBIC
Ha KOHKPETHOTO Ipou3BomuTessL. [Ipy 3ToM ISl coOXpaHeHUsT KOMMepde-
CKOW TalfHBI CO3aI0TCs ayTcOpcuHTOBBIe KoMmanuu [10.1—10.8].

ITo ompenenenuto, naHHoMy B [10.1], «ayTCOpCHMHT — TIepeBOI BHY-
TPpEeHHETO IoApasfenaeHus (Wi ITOApa3iesieHUI) MPeaIpusITAS U BCeX
CBSI3aHHBIX C HUM aKTHBOB B OPraHM3alIMIO ITOCTABIIMKA YCIYT, IIpeia-
ralolIero OKa3bIBaTh 3Ty YCJIYTY B TEUCHME OIPEAEICHHOIO BPEMEHM II0
OTOBOpPEHHOU IIeHe». IIpM 3TOM BaxKHOM YePTOM ayTCOPCHHTA SIBJISICTCS
«BBIHECEHHE BCIIOMOTATEIBbHBIX WX axkKe HEKOTOPBIX OCHOBHBIX OM3HEC-
IpolIecCoB 3a paMKuM Kommanuu» [10.2]. CiemyeT OTMETHTh, YTO B OT-
JIMYME OT YCIYT CepBHCA, MMEIOIINX Pa30BBIM XapaKTep W OrpaHMICHHBIX
HavaJioM M KOHIIOM, Ha ayTCOPCHHT IEePemarTcs OOBIYHO (DYHKIIMU II0
npodeccuoHaAbHON MoAAepKKe OecrepeOoiiHOl padboTOCIIOCOOHOCTH
OTIEJBbHBIX CUCTeM W MHMPACTPYKTYPHI B 1IEJIOM Ha OCHOBE JUITUTEIIHHOTO
KOHTpakTa (He MeHee 1 roma). DTO MO3BOJISIET HOBBICUTH 3(D(EKTUBHOCTD
OCYIIECTBIICHUSI OOJBIINECH YacTH OOCTYKMBAIOIINUX IIPOILIECCOB, KOHTPO-
JIMPOBATh U3ICPXKKU IeATCIBHOCTH, TIOBBICUTH KA4eCTBO YCIIYT, COKPATUTh
KaITUTaJIbHEBIC 3aTPaThl, ONTUMU3UPOBATh YMCICHHOCTh aIMUHUCTPATUB-
HOTO M YIIpaBJICHYECKOTO IepCcoHaIa.

CucTteMbl OTHOIICHMI ayTCOPCHMHTa MHOTOTPAaHHBI M pa3HOHAIIPABJIC-
HBL. Tak, B HacTosIIee BpeMsl M3BECTHBI ayTCOPCHHT MHMOPMAIIMOHHBIX
TexHoJoTui (/7-ayTCOPCUHT), ayTCOPCUHT HAyIHO-TIPOM3BOIACTBEHHOM JIe-
SITEJIBHOCTY, ayTCOPCUHT JIOTUCTUICCKUX (DYHKIMIA, ayTCOPCUHT (hYHKIINIA
VIIpaBIICHUST OpraHu3amueii, ayTCOpCHHT (DMHAHCOBBIX M OAaHKOBCKMX OIIC-
palInii, ayTCOPCUHT KOPIIOPATUBHOTO OOYUSHMSI, ayTCOPCUHT YeJIOBEIECKIX
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pecypcoB U Tip. B psine ciiyyaeB MOXHO TOBOPUTH U O CMELIAHHBIX BAJAX
AyTCOPCUHTa, TAKUX, HAPUMEP, KaK Cy0-ayTCOPCUHTOBBIE OTHOIIEHMUSI.

AYTCOPCUHT KaK CHCTeMa KOHOMMWYECKMX B3aMMOOTHOIIEHUN 3a-
PEKOMEH0BAJI ce0s1 KaK MEXaHWU3M MOBBIIIEHUS 3P (HEKTUBHOCTUA MPO-
W3BOACTBEHHBIX W YNpaBieHYecKUX cTpyKTyp. [lo manubim [10.3] w3
99 kpynmHemux pocCUCKUX KoMMOaHUil 70 MUCMOAB3YIOT CEpPBUCHYIO
MOAIEPKKY CTOPOHHMX KOMMaHuii, mpuuém 90 % 13 ONpOIIeHHBIX OT-
METUJIA, YTO JaHHBIIA MOAXOI CIMOCOOCTBYET 3(PHEKTUBHOMY MOCTHUXKE-
HUIO MOCTaBJIEHHBIX OU3HEC-1IeJIei, TOCKOJbKY 00eCIeuuBaeT CTa0UIIb-
HO KBaJu(bUUUPOBAHHBIN MOAXOA, MUHUMM3ALUIO PUCKOB IPOCTOS,
TMOKOCTh OOCHyXMBaHUS. B pamkax ayTcopcUMHra BO3MOXHO TMpeno-
CTaBJICHUE IIMPOKOTO CHeKTpa ychayr. Tak, B pamkax [7-ayTcopcuHra
MOTYT OBITh MPENOCTaBIEHBI cieayone Buay ycayr [10.3]: koHcynabra-
IIMOHHAs MOAAEpXKKa, WHBEHTapu3alusl OOOpPYNOBaHUS, AUATHOCTUKA
U PEMOHT HEUCIHPABHOCTEN CUCTEM U O0OOPYIOBAHUS, KPYIJIOCYTOYHAS
TeXHUYECKasl MOIIePKKa C TApaHTUPOBAHHBIM BPEMEHEM BOCCTAHOBJIE-
HUS CUCTEM B cllydyae cOOeB, MOAIEpKKa MPOrPaMMHOIO OOECIeYeHUs
U 0a3 TaHHBIX, ayTUT U MOHUTOPUHT CUCTEM U 000pYyIOBaHUs, ayTcTad-
(UHT (YaCTUYHBIA WIW MOJHBIA BBIBOA /7-TiepcoHana 3a IITaT KOMIa-
HUM-3aKa34ynhKa ¢ 0(pOpMIEHUEM B IITAT CTOPOHHENW KOMMIAHUU JJIST pa-
0OTBI C MMEPCOHAIIOM), YAAUIEHHOE aAMUHUCTPUPOBAHUE, Ja0OpATOPHOE
TECTUPOBAaHUE U OTPabOTKA pellleHUIA, apeH1a 000pYyI0BaHUs, O0yYeHHUE
MepcoHaNa, TeMOHTaX, MEPEBO3KAa U MOHTaX OOOPYJOBAaHUS 3aKa3uuKa
Mpu nepee3aax, MPOaKTUBHBIA MOHUTOPUHT.

PaccmaTtpuBaemas B JaHHOM pasjiesie cucTeMa aBTOPU30BAHHOTO
CEPBUCHOTO OOCITYy>XMBaHMSI, SIBJISIICh, KaK ObLTO TMokazaHo B [10.6],
YAaCTHBIM CJIy4a€M ayTCOpPCUHTra, MpPEeACTaBiseT (GopMy cTpaTernye-
ckoro mapTHépcTBa. O BaXXHOCTU TaKUX arjioMepaluii B COBPEMEHHON
9KOHOMUKE CBUIETEIBCTBYIOT MHOTUE yuy€HbIe. B yacTHocTH, A. Kaka-
Gan3e B pabore [10.6] orMmeuaeT: «CTparernuyeckue ajabsSHCHI OIMCHI-
BAaIOTCA KaK XeJIaeMble COTJIAlllEeHUs] YacTO MOTOMY, YTO OHU paccMma-
TPUBAIOTCSI KaK Hanbojiee COOTBETCTBYIOIIUIA MEXaHU3M OOBbEAUHEHUS
MapTHEPOB, KOTOpbIE MPUHUMAIOT BO BHUMAaHUWE pPa3UYHbIE, NWHOTIA
ACCUMETPUYHbIE U MHOTAA NPOTUBOMOJOXHbIE MpUYnuHbL. [losgBieHue
MapTHEPCTBA WM albSHCA JOTOBOPEHHOCTEW B KauyeCTBE aJlbTepHATU-
BbI OoJiee TTOMYJASIPHBIM CIeJIKaM Ha OCHOBE TPaAUIIMOHHBIX KOHTpaK-
TOB SBJISIIOTCS ©0Jiee MPEANIOYTUTENbHBIMU U TIEPCIEKTUBHBIMU (HOP-
MaMU OpraHU3alMy MPOU3BOACTBA».
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Takum 06p330M, paccMaTpruBacMbIC B pa3aciic 0COOEHHOCTHY OTHOIIIEHUI
ayTCOPCHUHIAa IIPUMCHUTCIBbHO K CCPBUCHOMY O6CJ'IY)KI/IBaHI/IIO OKOHCEYHBbIX
YCTpOﬁCTB I/IH(lJOKOMMYHI/IKaL[I/IOHHBIX CUCTEM ABJIAIOTCA aKTyaJIbHBIMMU.

10.2. OcHOBHBIE IOHATHSI aBTOPM30BaHHOTO
CepBICHOTO OOCAY>KMBaHSI

10.2.1. SBnsgsack, Kak OBIJIO CKa3aHO BBIIIE, YaCTHBIM CIy4aeM ayT-
COpPCHHTa, aBTOpU3alMs (IPUMEHUTEIPHO K CEpPBHCHOMY ILIEHTPY IIO
00CIyXXKMBaHUIO TeXHMKH) B coorBerctBuu ¢ [10.2, 10.5, 10.7] ectb
«IIPeIOCTaBJICHNE MTPOM3BOAUTEIEM IpaBa OCYIIECTBIATh TapaHTUHAHBIN
U TIOCJICTapaHTUMHBIN PEMOHT M TEXHUYECKOE OOCITy>KMBAaHME BBIITyCKa-
eMOI MM IpOAYyKIIUHM». ABTOPM30BaHHBIM cepBUCHBIN IieHTp (ACII) —
9TO <«IIPEANPUSTHE CEPBUCHOTO OOCIYXKMBAaHUS, 3aKJIIOUUBIIECE ITOTOBOP
¢ mpou3BoauTeaeM (JTM0O ero IMpeACcTaBUTEIeM) Ha IIPEAMET OCYIIECTBIIC-
HUSI TapaHTUMHOIO M IOC/erapaHTUMHOrO OOCIYKMBAaHUSI TEXHUUYECKOM
MPOIYKIINM, BBIITYCKAeMOM TaHHBIM ITpou3BoauteaeM» [10.8]. s momy-
YeHHs aBTOPHU3AIIUM CEPBUCHBIN IEHTP JOJKEH YIOBJICTBOPSTH OIpPEIe-
JIEHHBIM TpeOoBaHUsIM. Tak, TpeOOBaHMSI K CEPBUCHOMY LIEHTPY IO pe-
MOHTY TEXHUKM CJICIYIOIINE:

— UMETH CIIeLMaJIbHOEe 000pYIOBaHUE IJIS1 NMAaTHOCTUKU, HACTPOMKU
1 PEMOHTA;

— CHELUMAINCTH CEPBUCHOTO IIEHTPAa IOJDKHBI MMETh CIIeIIaIbHOE
o0pa3oBaHUe, MMOATBEPXKICHHOE cepTU(UKATAMU Ha BBIIOJHEHHE PaboOT
10 PEMOHTY;

— UMETh CNEUUAIbHO O0OPYIOBAHHBIE U AHTUCTATUYECKU 3aLUILIECH-
Hele (ESD) moMelieHUs M ONEXIY, a TaKXKe aHTUCTATHICCKM 3alllUIeH-
HBbIE THCTPYMEHTHI.

OCHOBHOI1 ero 3amadeil SBIISICTCS MOANepKaHNe TApAaHTUMHBIX U 110-
clierapaHTURHBIX 00513aTEIbCTB IIPOU3BOAUTENICH TEXHUUECKUX U3ACIUM,
3aKpeIuieHHBIX B CT. 13, 18, 19, 20 3akona PD «O 3amure mmpaB moTpedu-
test» [10.9] 1 aHAaTOTMYHBIX 3aKOHOB B IPYTMX CTpaHaX. B cooTBeTcTBUNI
¢ 3akoHoM P® «O 3amure mpaB IMOTPEOUTENSI», «IIOTPEOUTEIb B ClIydae
00HapyXKeHMS B TOBApe HEAOCTATKOB, €CJIM OHM HEe OBUIM OTOBOPEHEI IIPO-
JIaBIIOM, TI0 CBOEMY BBHIOOPY BIIpaBe:

— MoTpeboBaTh 3aMEHBI Ha TOBAp 3TOM XK€ MapKu (3TUX Xe MOIEIU
" (WIN) apTUKYJIA);

— MOTpeOdOBaTh 3aMEHBI Ha TaKOM XK€ TOBap APYroil Mapku (MOIENH,
apTUKYyJia) C COOTBETCTBYIOIIMM IIepepacyeTOM IOKYITHOM IIeHBHI,
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— MoTpeboBaTh COPA3MEPHOTO YMEHBIIIEHUS TIOKYITHOI 1IEHBI;

— MoTpeboBaTh HE3aMEUTUTETLHOTO 0€3BO3ME3THOTO YCTPAaHEHMST He-
JIOCTaTKOB TOBapa UM BO3MEIIEHMS pPACXO/IOB Ha WX UCITpaBIeHUE TIOTpe-
OuTeNeM WU TPETHUM JINIIOM;

— OTKa3aThCsl OT UCTIOJTHEHUST TOTOBOPA KYTUIU-TIPOJIaXKH U TTOTPeOO-
BaTh BO3BpaTa YIUTAY€HHOM 3a TOBAp CyMMBI.

TpeboBaHMe TIPEATIOCIEHETO MTyHKTa JAHHOTO 3aKOHA M O0YCJIOBIIN-
BaeT HeobxoaumocTh opranuzanuu cetu ACLL.

10.2.2. I1pu opraHu3alvu ayTCOPCUHTa OCHOBHOM MPOOJEMOIA SIBJISI-
eTcsl o0ecIeueHre ero peayin3aliiy, TTOCKOIbKY MOTPEOUTENb U TIPOU3-
BOAUTENb TeorpachUuecKr pa3MelnaTcsl Ha 3HAYMTETbHOM PacCTOSTHUU
JIPYT OT IpyTra ¥ MOTYT HAXOMUTHCS B Pa3HBIX TOCYIapCTBaX.

Pemrenne maHHOU TIpoGeMbl Ha TIPAKTUKE OCYIIECTBISIETCS C UC-
noJyib30BaHueM AByx noaxonaos [10.1—10.9]:

— OTKPBITEM COOCTBEHHBIX PETMOHATBHBIX CEPBUCHBIX LIEHTPOB;

— 3aKJIIOYEHUEM KOMITaHUSIMU-TIPOU3BOIUTENISIMU JIOTOBOPOB Ha Cep-
BUCHOE OOCITy>XMUBaHWE CBOEH MPOMYKIIMU CO CTOPOHHUMM CEPBUCHBIMU
OpraHU3aIUSIMU.

OCHOBHBIM HEIOCTATKOM TI€PBOTO TTOIXO/IA, TIPU KOTOPOM COTPYIHU-
KU PETMOHAIBHBIX CEPBUCHBIX IIEHTPOB SIBJISTIOTCSI OMHOBPEMEHHO M CO-
TPYIHUKAMHU TOJIOBHOW KOMIIAHMU-TIPOU3BOIUTEINS, SIBISIOTCS 3HAYU-
TebHBIE U3NEPXKKU. [1pu 3TOM pacxoabl 00YCIOBIEHBI:

— cofiep>kaHUEM apeHTyeMbIX TIOMEIIEHUI B pa3IMUHbIX PETUOHAX MUPA;

— 3HAYUTEJbHBIM (POHIIOM 3apabOTHOM TIJIATHI;

— HEOOXOMVMMOCTBIO OTYMCIIEHUI TTEHCUMOHHBIX, COLMAIBHBIX U JIPY-
TUX TUTaTexeil pabOTHUKAM;

— o0ecrieueHNEeM CepBUCHBIX IIEHTPOB CIEIMAIM3UPOBAHHBIM 000pY-
JIOBAaHUEM U T.II.

Ipu BTOpOM MOIXO[E OpraHU3alUM AyTCOPCUHTA KOHTPAreHTHI BbI-
CTYMaloT MeXay coOOll KaK He3aBUCUMBIE CyOBEKThI, CBSI3aHHBIE JUIIh
JIOTOBOPHBIMM 00513aT€IbCTBAMYU HAa OCHOBE MAPTHEPCKUX B3aMMOBBITOM-
HBIX OTHOIIEHWH. [Ipy 3TOM CyIIECTBEHHO CHMXXAIOTCS M3AEPXKKH, TIO-
CKOJIbKY TIPOM3BOAMUTEb OTUIAYMBAET TOJBKO PA0OTHI TI0 BBITIOJTHEHHBIM
CEPBUCHBIM OIEpalvsM, a TakKe IOCTABISIET HEOOXOMUMbIE KOMIUIEK-
Tylomre. BenencTBue 3Toro cucreMa aBTOPM30BaHHOTO CEPBUCHOTO 00-
CIYyXXKMBAaHUS B HACTOSIIIEE BPEeMs MOIyYWIa HIMPOKOE PACITPOCTPAHEHMUE.
Tak, B Poccum neilicTBYyIOT aBTOpM30BaHHBIE CEPBUCHBIE LEHTPHI TAaKWX
KoMmnanuit, Kak LG, Apple, Sony, ASUSTeK Inc., Lenovo, HP, Samsung,
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Phillips n 1.n. Tonbko B . PocToBe-Ha-[0oHY 1O TaHHBIM BBHITTOJTHEHHOTO
B utoHe 2015 roga aHanM3a perMOHAJIBHOTO PBIHKA JAHHOTO BUIA YCIIYT
[10.10—10.17], pe3yabTaThl KOTOpOro mpeiactaBieHbl B Tadia. 10.1, meii-
CTBYIOT 8 KPYITHBIX aBTOPU30BAHHBIX CEPBUCHBIX LIEHTPOB.

Tabauya 10.1
PesynbraThl aHajM3a perMOHAJbHOIO PhIHKA YCIYT aBTOPU30BAHHOTO
cepBuca B TI. PoctoB-Ha-loHy Ha utoHb 2015 .

Hassanne ACLI KomuectBo aBTOpu3anmit
(TTomaepKBaeMbIX OPEHIOB)
CepBuc-PocroB 45
OducHbiii Mup KM 37
RS-service-llon 73
OnTuma-cepBUC 29
Cxkana-TeeKoM 13
[Ipuopurer 52
TpanccepBuc-PoctoB 28
KoMmrpoTepHast KIIMHUKA 16

10.2.3. Onnoii u3 cnenuduuecknx ocooeHHocreir ACLI, co3maBaeMbIxX
MpU BTOPOM MOJAXOJE OpraHU3alMu ayTCOPCUHIA, SIBISIETCS JBOMCTBEH-
Hast OTBETCTBEHHOCTh. C OMHOI CTOPOHBI, 00YCIOBJIEHHAS 3aKOHOIATEIb-
HO¥ 6a30¥i rocygapcTBa OTBETCTBEHHOCTS Iepen morpedutenem. C apyroi
CTOPOHbBI, OTBETCTBEHHOCTh MEPE MPEANPUITUEM-TTIPOU3BOAUTEEM, CBSI -
3aHHas C JOTOBOPHBIMU OTHOIIEHUSIMU.

Llenu npeanpusTUs-NIPOU3BOAUTENSI U CEPBUCHOTO LIEHTpa pa3jinya-
10Tcs. Tak, 1ebo MpOU3BOACTBEHHOIO MPEANIPUSITUS SIBJISIETCS BBITTOJIHE-
HUE COOCTBEHHBIX 00513aTeJILCTB 110 3alllMTe MpaB IOTPEOUTENSI B COOTBET-
CTBUM C 3aKOHOJATEJILCTBOM MpPU 00ECEYEeHUN 9KOHOMUU COOCTBEHHBIX
pecypcoB Ha OpraHM3alMi0 CUCTeMbl COOCTBEHHOTO o0ciykuBaHus. Llenb
CEpPBHUCHOIO LIEHTPAa — CaMOO00eCIeueHUe NOIMOJHUTEIbHBIMU O0ObEMaMU
paboT MyTEM 3aK/IIOUEHMSI JOTOBOpa aBTOPU3ALIUU.

Takum 06pa3oM, BOBJIEUEHUE MPOM3BOIUTEIIEM HOBBIX MAPTHEPOB B CEp-
BHCHOE OOCITy>KMBaHIE CBOSH ITPOMYKIIUK CO3MAET CIIEN(PUISCKYIO CCTEMY
OTHOILIEHWII ayTCOPCHMHIAa Ha OCHOBE IMBEPCU(PUKAIIMN W WHTCTPHUPOBAH-
Horo cepBuca. [Ipy 3TOM aBTOpU30BAaHHBIE CEPBMCHbBIE LIEHTPBI SIBISIOTCS
TEXHOJIOTUYECKU CJOXKHBIMU MPENNPUITUSIMU, OOBEIUHSIONIMMU B €UHOE
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11eJI0€ KOMMEPYECKHE CTPYKTYPhI X COLUAIbLHO U IOPUINYECKU 3HAYUMbIE
OOBEKTHI, TMO3BOJISIIONINE TPOMU3BOIUTENSIM O0ECIIEYNTh COOTIONEHNE 3a-
KOHOB, 3aIINIIAIOIINX IIpaBa IOTPEOUTEIEH.

10.3. CTpykTypa 1 MexaHM3M PYHKIIMOHNPOBAHM
aBTOPM30BAaHHOTO CEPBIICHOTO IIeHTpa

10.3.1. IIpexne yeM MpUCTYIATh K OlieHKe 3((GEKTUBHOCTU PadOThHI
ABTOPM30BAaHHBIX CEPBUCHBIX LIEHTPOB, PACCMOTpUM OoJjiee MOAPOOHO
ctpykrypy ACLI, nipencraBiennyo Ha puc. 10.1, a Takke cxeMy B3aUMO-
JIEHACTBUSL MEXIY IIPOM3BOAUTEIEM, IIPOAABLIOM, IOTpeOUTEEM U aBTO-
pU30BaHHBIM LIEHTPOM, TTOKa3aHHyI0 Ha puc. 10.2.

Ome.n TexHHYeCKHi R Ormen
TIPHEMEH- OTIeN (uex) JIOTHCTHEH
BRIOAYH TCXHHEH

r r

O ey AHBATONTHET
ATMHEHACTpAITHA »
nepeoHAT

Puc. 10.1. CtpykTypa aBTOPM30BaHHOI'O CEPBUCHOTO IIEHTpa

OTtuerHOCTE

TIpou3BoIHTENE Omara, ABTOpH30BaHHBIH
mofJepkKa | CEPBHCHBIH IEHTP

ObparHaa 4
Tosap

CBASE \

Toeap
IloTpeburens - » IIponasen

Puc. 10.2. Cxema B3auMoaeiCTBYSI TPOM3BOAUTESI, ITPOJABLIA,
MOTPeOUTEISI M ABTOPMU30BAHHOTO CEPBHUCHOIO LIEHTpa
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B cooTBeTcTBUM C MPUBENIEHHBIMU CXEMaMU MEXaHU3M (PYHKIIMOHUPOBA-
HUSI aBTOPU30BAaHHOIO CEPBUCHOTO MPEANPUITUS 3aKITIOYACTCS CIIEMYIOIIEM.
ITpouzBoauTeNb BBHIMYCKAET HEKWE BUABI TEXHUYECKOW Mpomaykuuu. B xome
€€ IKCIUTyaTallii MOXET MPOM30MTH OTKa3 OTAENBHBIX MPUOOPETEHHBIX MO-
TpeOUTENIEM SK3EMIUIIPOB KAaK B MEPUOJ TAPAHTUMHBIX 00SI3aTeNIbCTB, YCTa-
HOBJIEHHBIX TIPOM3BOUTENEM, TaK U 3a €ro npenesamu. st BOCCTaHOBIEHUS
MOTPEOUTENBCKUX CBOWCTB TOBapa KIIMEHT OOpalllaeTCs B aBTOPU30BAHHBIN
CEPBUCHBII 1IEHTP, KOTOPBI W BBIMIOJHSET MaHHbIe BUmIbl onepaimii. Eciu
BO3HUKHOBEHUE JedeKTa MPOM3OILIO B YCTAHOBIEHHBIE MPOU3BOAUTENIEM
CPOKU TapaHTUITHOTO OOCITYXKMBAHUS U TIPU 3TOM HE HapyLIEHBI YCJIOBUS UC-
TOJI30BaHUST YCTPOMCTBA, TO BCE TEXHOJIOTMYECKWE OMEpPalliy BBITIOTHSIIOT-
cs OecruiaTHO sl ToTpedutesnist. Bech psil MpOU3BOACTBEHHBIX MPOLIECCOB,
BKJIIOYAS 3aMEHY KOMIUTEKTYIOIIMX, CEPBUCHOMY LIEHTPY OILIaYMBAET MPOU3-
BonmuTesb. Ecin HeMcnpaBHOCTD MTPOU30IILUIA BCJIEACTBAE HAPYILIEHUS KIIMEeH-
TOM YCJIOBUI TapaHTUIAHOTO OOCTY>KMBaHUSI, TO PEMOHT OCYILECTBIISIETCS 3a
CyYeT cpencTB morpedutestst. K Takum HapyllieHUsIM, B YaCTHOCTH, OTHOCSITCSL:

— HWCTOJIb30BAHUE YCTPOICTBA C HAPYILIEHUEM YCIIOBUIA SKCILTyaTalluu;

— MeXaHU4ecKue Ne(eKThI;

— NOMNaJaHue BHYTPb U3 MOCTOPOHHUX XUIKOCTENA, HACEKOMBIX
U JaXe MEJIKUX TPhI3YHOB;

— mepenaabl HANPSDKEHUS 3JeKTPUIECKON CETH;

— MOTBITKU CAMOCTOSITEJIbHOTO PEMOHTA.

10.3.2. ToBap, noctynatomuii B ACLI, mpoXoauT ciaeayromue TeXHO-
JIOTUYECKUE ATaIbl cepBUCHOTO 0ocimyxuBaHus [10.18—10.20]:

— MepBUYHAS MMArHOCTUKA, 3aKJIIOYAIOIIASCS B BBISIBICHUU BHENI-
HEro nposBiieHUud JedeKkTa, a TakKKe ero NepUuoAUYHOCTH, BBITMOJHSIEMAs
B otaene npueMku ACII;

— oopmiieHue B otaene npueMku ACI Bxoasiuei JOKyMeHTaluu,
COCTOSIIIEEe B 3aHECEHUU CBEACHUI O TOCTYMUBIIEM YCTPOUCTBE B 3JIEK-
TPOHHYIO 0a3y (PUPMbI U CBEAEHUI O MOTpeduTese B cooTBeTcTBUM ¢ [1pa-
BWIaMU OBITOBOTO OOcTykuBaHus HaceseHus [10.18];

— niybokasg AMArHOCTUKA, MO3BOJSIONIAS BBIIBUTh HEUCIIPABHBIC
V37l U KOMIIOHEHTBI, a TakKXe OMNpPeNevUTh MPUYUHHO-CIEACTBEHHYIO
CBSI3b MPU BO3HUKHOBEHUM HEUCIIPABHOCTEN (BBIMOJHSETCS B TEXHUYE-
CKOM oTrenie (uexe));

— (hopMUpOBaHUE 3AKITIOYEHUS O COOTIOAEHUY YCIOBUIA BBIMIOJIHEHUS
TapaHTUITHBIX 00513aTeNbCTB. B ciayyae HecoOntoaeHrs yCIOBUA TOTpeOu-
TEJII0 OTKA3bIBAIOT B TADAHTUIHOM PEMOHTE;
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— 3aKa3 UHXEHEPOM KOMILIEKTYIOIIUX B OTAEJ JOTUCTUKU B COOTBET-
CTBUU C part number (yHUKTBHBIM KOJIOM 3aIT9acTell, COCTOSIIINM U3 OyK-
BEHHO-LIU(DPOBOro 0003HAYEHUS IETAIIN);

— MOUCK OTHEJIOM JIOTUCTUKM OJVKANIIero CKaaa MpOU3BOAUTENS,
Ha KOTOPOM €CTh HEOOXOAUMBIE 3aIT4aCTU U UX HEMTOCPEACTBEHHBIN 3aKa3;

— YCTaHOBKA B 1I€X€ HOBBIX 3JIEMEHTOB U Y3JIOB MOCJE WX MOCTYILIE-
Hust Ha cknang ACLL;

— MpOBEpKa B LIeXe UCIIPABHOCTH allnapara, 3aKIio4aromascs B TeCTU-
POBaHMU anmnapara B pa3IMYHbIX PeXUMaX paboThl, a TAKXKE MPOrOH — MPO-
BepKa pabOTOCIIOCOOHOCTH ammapara B Te4YeHUE IJTUTEIbHOTO BPEMEHU;

— MIpOoILIECC BbIAAYM (B OTAEJE MPUEMA U BbIIAYU TOBapa) UCTIPABHOTO
YCTPOMCTBA, BKJIIOYAIOIIMIA 1Ba 3Tarna:

a) AeMOHCTpaLUs MOTPEOUTENIO0 PabOTOCIIOCOOHOCTH anIapara;

0) obopmieHUE BBIXOIHOM JOKYMEHTALINN;

— oopMiieHrEe OTYETHOCTU Mepes TPOU3BOAUTENIEM O BBIITOTHEHHBIX
OMnepalusX, BHIIOTHSIEMOE COBMECTHO UHXEHEPOM U OTIIEJIOM JIOTUCTUKH,
KaK MPaBWIO, C UCIOJb30BAHUEM CIEIMATBHBIX KOMOB Ne(MEKTOB (Hau-
6onee yacto mpumensiercss tabmunia ECAM-IRIS [10.19]). Tlpumenenue
JAHHBIX TabJUIL TO3BOJISIET YHUGDUIIMPOBATh U CUCTEMATU3UPOBATh OTYET-
HOCTb, a TaKKE BBISIBUTH XapaKTEepPHbIE Ne€(DEKThI, YTO MO3BOJISIET MPUHSTH
MEPHI JUISl JATbHENIIIErO COBEPIIEHCTBOBAHUS MPOU3BOJCTBEHHBIX MTPOIIEC-
COB U MOBBIIIEHUST KAYECTBA BBIITYCKa€MOI MTPOIYKIIUHU, a TaKKe (hOPMUPO-
BaTh TPeOOBaHUS KO BHOBb pa3padaTbiBaeMOMy 000PYIOBaHUIO.

10.3.3. Kak u mo0ast conraaibHO-9KOHOMUYECKasl cuctema, (hyHKIMO-
HUPOBaHWE aBTOPU30BAHHBIX CEPBUCHBIX LIEHTPOB COMPSIKEHO KaK C PSIIOM
JIOCTOUHCTB, TaK U C OTHEJbHBIMU HepocTaTKamu. K 6e3ycioBHBIM Mpe-
WMYLIECTBaM, KOTOpbIE TPUOOPETAET CEPBUCHOE MPENNPUSITUE BCIIEICTBUAE
MOJIydYeHUs] aBTOpU3ALIMU, MOXHO OTHecTH cienytoiue [10.1—10.8]:

— KOHOMMYECKAs CTAOMIBHOCTh CEPBUCHOTO LIEHTPA, BOZHUKAIOIIAS
BCJIEICTBHE 3aKJIIOYEHUST JOTOBOpA aBTOPU3AllMM, YTO MO3BOJISET pa3BU-
BaTh PECYpCHYIO 0a3y CEpBUCHOTO MPEANPUITHUS, a TOCTOSIHHAS HaIpaB-
JICHHOCTb TPOM3BOAUTENC M MPOMAaBLUOB HA POCT MPOAaX MPUBOIUT U
K COOTBETCTBYIOIIEMY YBEJIUUYEHUIO OOBEMOB CEPBUCHOTO OOCITY>KMBAHUS;

— BO3MOXHOCTh obecnedeHust ACLI moanepKkoil co CTOPOHBI MPOU3-
BOJICTBEHHOTO MPEINPUATUS BCEX TEXHOJIOTUMYECKUX MPOIECCOB, B 4acT-
HOCTH, TTOCTaBKa OPUTMHAJIBHBIX KOMIUIEKTYIOIIUX U CIIEIIUATU3UPOBaH-
HOTO OOOpPYIOBaHUSI BO MHOTOM CIIOCOOCTBYET MPOBEICHUIO CIOXHBIX
TEXHOJIOTUYECKUX OTNepalnii Ha BBICOKOMPO(PECCUOHATBHOM YPOBHE;
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— JOCTYITHOCTb 3aBOJICKOI TOKYMEHTAIINY U3TOTOBUTEIS, €0 OPUTHHAIb-
HOT'O MPOrpaMMHOIO OOECIIeUeHUsI, BO3SMOXKHOCTh TTOJTyYeHUsT KOHCY/IbTalni
Y CIIEIMAJICTOB aHAJIOTUYHBIX CEPBUCHBIX IIEHTPOB B IPYTMX PETMOHAX;

— BO3MOXXHOCTh COBEPIICHCTBOBAHMS TNPOGECCHOHATBLHBIX KOMIIE-
TEHIUWI COTPYIHUKOB MPEANTPUITUSIMUA-TTPOU3BOIUTEISIMU MIYTEM TTPOBE-
IIeHUsI CEMMHAPOB, CIaYN eXEeTOMHBIX 9K3aMECHOB, 3HAKOMCTBA C HOBEIMU
BUIAMU TEXHUKM, METOIMKAMM BBITIOJHEHMST TEXHOJIOTMYECKUX CEPBUC-
HBbIX Olepauuii U T.1.;

— MpUBJICYCHNE OOIBIIETO KOJUISCTBA KIIMEHTOB 32 CYET CO3MAHUS T10-
JIOXKUTEJIBHOM PEITyTalliy Ha OCHOBE IePEUMCICHHBIX BhIIIIE TOCTOMHCTB.

B kxadecTBe clI0XHOCTE# pabOThI aBTOPM30BAHHBIX CEPBUCHBIX 1ICH-
TPOB HEOOXOAMMO BBIACIUTD ABa OCHOBHBIX [10.8]:

— IOIMOJIHUTENIPHOE pacIIMpeHre IITaTa COTPYOIHUKOB IIEHTpa
BCJICICTBHE OOJIBIIIOTO 00BEMA OTYETHOCTU MEXIY CEPBUCHBIM LIEHTPOM
1 TIPOU3BOJUTETIEM;

— BO3HUKHOBEHIE KOH(IMKTOB ¢ KJIMEHTaMHM 110 BOIIPOCAM TaK Ha3bl-
BaeMbIX HETapaHTUIMHBIX CUTYALIMi BCJICACTBUE BUHBI CAMOTO IIOTPEOMTEIIS.

10.3.4. AHaM3 BO3MOXHBIX HAIIpAaBICHU pPa3BUTHUS CEPBUCHBIX
LIEHTPOB IMOKAa3bIBAET, YTO 3KCTEHCUMBHOE Pa3BUTHUE ITOCTUTAETCS 3a CUET
TIpUBJIEYEHUsT OOJBIIETO KOJIMYEeCTBa KJIMEHTOB MYTEM, Hampumep, pe-
KnaMHbIX akuuii. MHteHcuBHoe pasButhe ACILL Bo3MOXHO MO0 Tpu
TepMaHEeHTHOM OOHOBJICHUM BMIOB OKa3bIBaEMBIX YCIIYI, JMOO COBEp-
IIEHCTBOBAHUHM CYIIECTBYIOIINX. B II000OM cCilydae WHTEHCHMBHOE pa3-
BUTHUE MPEONPUATUS TPeOyeT MHBECTULIMOHHBIX BJIOXEHUM Ha 3aKymKy
HOBOTO JIOPOTOCTOSIIIIETO OOOPYIOBAaHMS M COBEPIICHCTBOBAHMS TEXHO-
JIOTMYECKUX TpolieccoB. JIJiss aBTOPM30BaHHBIX LIEHTPOB, KaK CIIEAyeT U3
aHaJIM3a MIPUBEICHHBIX BHIIIE TIPEUMYIIECCTB, B psIie CIIydaeB JaHHbBIC M3-
JIePKKHU OIJIaYMBaeT IMPOU3BOAUTENb. ECu cepBUCHBIN LIEHTP HE SIBISCT-
Cs1 aBTOPHM30BaHHBIM, TO MaTepUaIbHbIE CPEACTBA HA pPa3BUTHUE TPEITPH-
SITUSI N3BICKMBAIOTCSI CAMOCTOSITEIIBHO.

10.4. Onienka 3¢ ¢PeKTUBHOCTY PYHKIMOHUPOBAHNS
aBTOPM30BaHHOTO CEPBIICHOTO IIeHTpa

ITpu oueHke 3 heKTUBHOCTA (DYHKIIMOHUPOBAHUS CEPBMCHOTO IIEHTpa
MpeACTaBUM OOIINIA MOKa3aTes b B BUaEe IByX cocTapmsiomux [10.8, 10.21]:
k, =kt kg (10.1)
e k. — KoapHUIMeHT SKOHOMUYECKON 3pDeKTUBHOCTH; k. — KOI(D-
(GULUMEHT TeXHOJOTMYeCKOM 3(PPEeKTUBHOCTH.

abd
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ITpu 3TOM Moa 3KOHOMUYECKOUN 3P PEKTUBHOCTHIO OyAeM MOHUMATh
3(hGhEKTUBHOCTD UCTIOIb30BAHUS (PUHAHCOBBIX CPECTB KOMIAHUU, a TIOJ
TEXHOJIOTUYECKOU 3 (PEKTUBHOCTBIO — KOJMYECTBEHHbIE M KAaYECTBEH-
HbIe MOoKa3aTeau paboThl COTPYIHUKA.

J71s1 oueHKU 9KoHOMUYecKoi 3 dexkTuBHOCTU B padote [10.21] mpen-
JlaraeTcsl UCTIIOJIb30BaTh BhIPAKEHUE:

k,=T1,/(U,, +U,). (10.2)

rae I, — 1ucrast npubbLIb CepBUCHOTO LeHTpa; U — cyMMa BHeLIHUX
Y BHYTPEHHUX TPaH3aKUMOHHBIX usiepxkek; U — TpaHchopMaloH-
HBIE U3IEPKKHU, T.€. U3NAEPKKU, CBI3aHHbBIE HETIOCPEICTBEHHO C OKa3a-
HUEM YCIYT.

TexHomornueckass 3OGEKTUBHOCTh CEPBUCHOTO IIEHTPA MOXET OBITH
paccuMTaHa, MCXOAS M3 ABYX KPUTEPHMEB IPOU3BOAUTEIBHOCTH Tpyda
1 KOJIMYECTBA BO3BPATOB TEXHUKHU B TaPAHTUAHBIN TTepuro. J1Jist OBITOBOI
Pagro3IEKTPOHHON aTIapaTypsl JaHHBIA CpoK B coorBeTcTBUM ¢ TOCT
50589-97 [10.20] cocTaBiseT:

— IIpY IPOBEAEHUM PEMOHTA B CTaLIMOHApE IS allllapaTyphl BHICIIIE
TPYIIIBI CIOKHOCTU HE MeHee 3 MECSILIEB, IS OCTAILHON aImaparypsl —
He MeHee 4 MecsIIeB;

— TIPH TIPOBEIEHNU PEMOHTA Ha MECTE DKCIUTyaTal[iu IS arllapaTy-
PBI BBICIIIEN TPYIIIIBI CIOKHOCTY He MeHee | MecsIia, I OCTalbHOM arl-
maparypsl — He MeHee 2 MeCHIIEB.

CremyeT OTMETHTD, YTO TPYHIO3aTPaThl Ha BOCCTAHOBIIEHUE 00OPYIO-
BaHN, ITOTYIUBIIIETO IO TAPAHTUN, HE OIJIAYMBAIOTCA KIIMEHTOM, CIIEI0-
BaTeNbHO, OHU ABJISAIOTCH Hed(P(EKTUBHBIMM, CHIDKAIOIINMY TTOKAa3aTellb
MIPOU3BOIUTENLHOCTA Tpyna. ONHAKO JaHHBIE TPYHO3aTpaThl OILIAYMBA-
IOTCST TIPEATIPUATAEM IIPOMU3BOANTEIEM M HEOOXOIUMBI C TOYKW 3PEHUS
COOJTIONEHNST 3aKOHOIATEIBCTBA.

C y4éTOM BBIIIE CKA3aHHOTO KO(P(OUIIMEHT TEXHOJIOTUUECKOM d(P-
(DEKTUBHOCTA CEPBUCHOTO TIPEANIPUATUS MOXKET OBITh BBIUMUCIEH C WC-
ITOJIB30BAHNEM (POPMYIIHL:

kyyy =1-N, /N, (10.3)

rae N — o0liee KOJIMYeCTBO BIJAHHON TEXHUKU, TOTPEOUTETCKIE CBOI-
CTBa KOTOPOW BOCCTAHOBJIEHBI CEPBUCHBIM IIEHTPOM; N, — KOJIUYECTBO
eIVHUL, TeXHUKU, OOCIy>KMBAaeMOU MOBTOPHO Ha OeCrulaTHOM OCHOBE
B TapaHTUNHBIA TIEPUOL.
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AHQJIOTUYHO MOXHO pPacCUUTaTh U TEXHOJOTUYECKYIO 3(h(MEKTUB-
HOCTh KaXIIOTO COTpyAHWKA. YuuTbiBag cooTHomeHue (10.3), a takxke
dopmyny 1 HaXoXaeHUs: Tpou3BoauTeabHoCcTU Tpyaa [10.21]:

0=N/T, (10.4)
HECJIOKHO ITOJIYYUTb
o=N_FuN_N-N (10.5)
T T T’

rae 7 — BpeMsl peMOHTa TEXHUKMU.

AHaM3 MPUBEACHHBIX COOTHOIIIEHUI ITOKa3bIBaeT, YTO YBEJIMUCHUE
KOJIMYECTBA CAUHUIL TEXHUKH, 00CTYXKMBAaeMOI ITIOBTOPHO Ha OeCIIaTHOMI
OCHOBE B TapaHTUMHBIN MepHO, BEAET K CHIXKCHUIO KO3 GhUIIMEHTA TeX-
HOJIOTUYECKON 3(P(PEeKTUBHOCTH, a, CIENOBATEIbHO, U K CHIXKEHUIO 3(-
(GeKTUBHOCTU (DYHKIIMOHUPOBAHUS CEPBUCHOTO LICHTPA B LICJIOM.

10.5. BerBoabr

10.5.1. ®opmyaupoBKa TpeOOBAaHUI K MEPCIIEKTUBHBIM M MOIEPHU-
3UPYEMBIM YCTPOMCTBAaM, BXOISIIMM B COCTaB MH()OKOMMYHMKAITMOHHBIX
CHCTEM, OOBEIMHSIIOIINX PAIMOTEXHUYECKUE CUCTEMbl M KOMITbIOTEPHBIE
CeTH, BO3MOXHA Ha OCHOBE y4€Ta MOCTYMHAIOIINX U3 CEPBUCHBIX LIECHTPOB
JIAHHBIX O HEVCIIPABHOCTSAX M MX BO3MOXHBIX IIPUINHAX.

10.5.2. ¥3kas crienpanu3auus npeanpusaTUii-u3roroBUTes el OKOHeY -
HBIX YCTPOMCTB, a TaKXe HEOOXOAMMOCTh COOJIIONEHMS KOMMEPYECKOR
TaliHbI, KacaloIlelcs K TeXHOJOTMU ITPOM3BOACTBA, JeIaeT aKTyaJbHOMI
co3MaHue ayTCOPCUHTOBBIX KOMITAaHMUIA.

10.5.3. CokpallieHue u3aepxKeK Mpou3BOACTBA MPeANPUITUII-U3TOTO-
BUTEJIEH 3a CUET YCTpaHEHMST PACXOJ0B Ha apeHy 3MaHU, YMEHbIIIEHUEM
¢oHaa 3apabOTHON IJIaThl U CHUXKEHMS 3aTpaT Ha CIelMalu3MpOBaHHOE
0o0opynoBaHUE AOCTUTaeTCs MYTEM CO3JaHUsS B CTpaHax-IOTPEOUTEIISIX
aBTOPU30BAHHBIX CEPBUCHBIX LIEHTPOB, SIBJISIIOIIMXCS YACTHBIM ClydaeM
OpraHM3aluK ayTCOPCUHTOBBIX YCIIYT.

10.5.4. Ouenka 3dbeKTUBHOCTH (YHKIIMOHUPOBAHUS CEPBUCHBIX
LIEHTPOB MOJKHA OCYIIECTBJSTHCS C YUYETOM ABOMCTBEHHOrO XapakTepa
MPEANPUITHUS, OOBEIUHSIONIET0 KOMMEPYECKYI0 CTPYKTYPY C COLMAIBLHO
U IOpUINYECKH 3HAYMMBbIM 00BbeKTOM. B pesynbrate Koap@GuLUEHT 3¢-
(beKTUBHOCTH CEPBUCHBIX LICHTPOB BKJIIOYAET JIBE COCTABJISIOIINE — 3KO-
HOMMYECKYIO U TEXHOJIOTMYECKYIO.
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10.5.5. AHanu3 MexaHu3Ma (QYHKIMOHUPOBAHUS aBTOPU30BAHHOIO
CEPBUCHOTIO LIEHTpa MoKa3aj, 4YTo

— OCHOBHBIMU CJIOKHOCTSIMU SIBJISIFOTCSI JOIMOJHUTENBHOE pacuivpe-
HUE IITaTa COTPYIHUKOB LIEHTPA BCIEACTBUE OOJIBIIOTO O0OBEMA OTYETHO-
CTU MEXJy CEPBUCHBIM LIEHTPOM Y IMTPOU3BOAUTENIEM, a TAKXKE BO3MOXHBIE
KOHMJUKTHI ¢ KJIMEHTaMU IO BOIMPOCAaM TaK Ha3bIBAEMBIX HETapaHTHUIA-
HBIX CUTYalluli BCJIEACTBMAE BUHBI CAMOTO MOTPEOUTENS,

— YBEJIMYEHUE KOJIMYECTBA EANHULL TEXHUKHU, OOCITy>KMBAEMOI TTOBTOPHO
Ha OeCIIaTHOM OCHOBE B TapaHTUIHBIN MEPUOM, BENET K CHIDKEHUIO KO3(]-
(umeHTa texHomornyeckoii 3pHEKTUBHOCTH, a, CJIEIOBATEIbHO, U K CHU-
XeHUIO 3 HEKTUBHOCTU (PYHKIITMOHUPOBAHUS CEPBUCHOTO LIEHTPA B LIEJIOM;

— B Ka4yecTBe OCHOBHI i1 (hOPMUPOBAHUS TPeOOBAHUI K MepCreK-
TUBHOMY W MOJEPHU3UPYEMOMY OOOPYIOBAHUIO OKOHEYHBIX CTaHLIWIA
VH(POKOMMYHUKAIITMOHHBIX CUCTEM MOTYT OBITh UCTOJb30BaHbI CTATUCTH-
yeckr 00pabOTaHHBIE OTYETHI CEPBUCHBIX LIEHTPOB O BBIMIOJHEHHBIX OTIE-
palUsIX C UCITOJIb30BaHUEM KOJOB 1e(EKTOB.

10.5.6. OCHOBHBIMU MPEUMYIIIECTBAMU aBTOPU30BAHHBIX CEPBUCHBIX
LIEHTPOB SIBJISIIOTCS:

— KOHOMMYECKAs CTAOMIBHOCTh CEPBUCHOTO LIEHTPA, BOZHUKAOIIAS
BCJIEICTBHE 3aKJIIOYEHUST JOTOBOpA aBTOPU3AllMM, YTO MO3BOJISIET pa3BU-
BaTh PECYPCHYIO 0a3y CEpBUCHOTO MPEANPUSITHUS, a TOCTOSIHHAS HaIpaB-
JICHHOCTb TPOM3BOAUTENC M MPOMAaBLUOB HA POCT MPOAaX MPUBOIUT U
K COOTBETCTBYIOIIEMY YBEJIUUYEHUIO OOBEMOB CEPBUCHOTO OOCITY>KMBAHUS;

— BO3MOXHOCTh obecniedeHust ACLI moanepkkoil co CTOPOHBI MPOU3-
BOJICTBEHHOTO MPEINPUSATUS BCEX TEXHOJIOTMYECKUX MPOIECCOB, B 4acT-
HOCTU, MTOCTaBKa OPUTUHAJIBHBIX KOMIUIEKTYIOIIUX U CIELIUATU3UPOBaH-
HOTO OOOpYIOBaHUS BO MHOTOM CIIOCOOCTBYET MPOBEICHUIO CIOXHBIX
TEXHOJIOTUYECKUX ONepalnii Ha BBICOKOMPO(PECCUOHATBEHOM YPOBHE;

— IOCTYITHOCTb 3aBOJICKO JOKYMEHTAIlUW U3TOTOBUTEISL, ETO OPUTUHATb-
HOTO MPOTPAMMHOTO O0ECTIEYEHMSI, BO3MOXKHOCTD MOJTyYE€HUS KOHCYJIBTALIUIA
Y CHELMATUCTOB aHAJIOTUYHBIX CEPBUCHBIX LIEHTPOB B IPYTUX PETUOHAX;

— BO3MOXHOCTb COBEPUIEHCTBOBAaHUSI MPOGECCUOHABHBIX KOMIIE-
TEHIUI COTPYNHUKOB MPEANPUITUSIMU-TTPOU3BOAUTENSIMU ITYTEM MPOBE-
JIEHUsI CEMUHAPOB, CIaYM €XETOHBIX 3K3aMEHOB, 3HAKOMCTBA C HOBBIMU
BUIAMU TEXHUKU, METOJUKAMU BBITIOJHEHUSI TEXHOJOTUYECKUX CEPBUC-
HBIX OMepalvii U T.1.;

— MpuBJIeYeHUE OOJBIIETO KOJTUYECTBA KJIMEHTOB 34 CYET CO3AAHUS TO-
JIOXUTEJIbHOW penyTallMd Ha OCHOBE MEPEYUCIIEHHBIX BBIIIE JOCTOMHCTB.
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(opMbI TIpOsSIBNIEHUSI, YpOBeHb [DIEKTPOHHBIN pecypc] // DKoHOMUKaA
u xku3Hb. 2009. Ne 9. URL: http://www.eg-online.ru/article/51198/ (mara
obpamenus: 20.06.2015 1)
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CBEAEHINS Ob ABTOPAX

Bamnaun Oger BaagumupoBuu — crapiiuii npenogaBaTesib Kadenpol «Pagno-
3JIEKTPOHMKAa» JIOHCKOTO TOCYIapCTBEHHOTO TEXHMUECKOTO YHUBEPCUTETA, acIIv-
panT FOXHOTO YHUBEpCUTETA.

Bopxes Baagumup BopucoBny — kaHauaat GusMKo-MaTeMaTUYECKMX Hayk,
CTaplIuii IpenogaBaTesib Kadeapsl «DIeKTPOTEXHUKA U DJIEKTPOHMKA» JJOHCKOTrO
TOCYIapCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA.

Enucees Anekcanap BsuecnaBoBMY — JOKTOp TEXHUYECKUX HayK, MOLEHT,
npodeccop Kadenpsl «PamnosnekrpoHrnKa» JJOHCKOTO rocy1apcTBEHHOTO TeXHU-
YeCKOT0 YHUBEPCHUTETA.

3Be3quna Mapuna IOpbeBHa — n0KTOp (DU3MKO-MaTeMaTUYECKUX HayK, N1O-
LIEHT, 3aBeaytoias Kadenpoit «Pagnosnexkrpornrka» JJoHCKOTo TOoCyTapCTBEHHOTO
TEXHUIIECKOTO YHUBEPCUTETA.

KocTornoroB Anzpeii AneKcanapoBuy — JOKTOP TEXHUYECKUX HaykK, mpodec-
cop, mpodeccop Kadenpsl «KnbepdezomacHOCT, MHGOPMALMOHHBIX CHUCTEM»
JIOHCKOTO TOCYIapCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA.

Jlazapenko Cepreii BaseppeBny — KaHAMIAT TEXHUYECKUX HayK, JOLIEHT Ka-
denpsr «PagnoanexkTpoHnKa», JOKTOpaHT JJOHCKOTO roCyIapCTBEHHOTO TeXHUYE-
CKOTO YHUBEPCUTETA.

Jlancapp Anekceii IleTpoBH4 — KaHAMAAT TEXHUYECKUX HAyK, MOLEHT, 3ame-
CcTUTENh HavajdbHUKa DenepanbHON CIIy>KOBI 10 TEXHUYECKOMY M 3KCIIEPTHOMY
koHTpoJo 1o FOxHomy u CeBepo-KaBkasckoMy (heaepaibHbIM OKpyraM.

OscannnkoB Cepreii Hukonaesnd — acnupaHT JJOHCKOro rocynapcTBEHHOro
TEXHUYECKOTO YHUBEPCUTETA.

IIpbirynos Anekceii AJeKCaHAPOBUY — PYKOBOAUTEb TPOEKTa YPaHOBOTO XOJI-
nuHra «<APM3» (OAO «ATOMpPEIMET30J10TO»).

IIpbirynos Anekcanap IepmanoBHY — KaHIUAAT TEXHUYECKUX HAyK, MOLIEHT,
nmoneHT Kadenpbl «PamnosnekTpoHnKa» JIOHCKOTO TOCYTapCTBEHHOTO TeXHUYe-
CKOIo YHUBEpPCUTETA.

ITmenwunsiii Cepreii AHaTOIbEBHY — pyKOBomuTe b nomapasneneHus AO «Kb
«CBs13b»», aCIUPAHT JJOHCKOTO TOCYIapCTBEHHOTO TEXHMUYECKOTO YHUBEPCHUTETA.

Pynenko Hukoxaii BanepbeBu4 — KaHIMAAT TEXHUYECKUX HAYK, TOLIEHT, 10-
meHT Kadenpbl «PamnosnexkrpoHuka» JJOHCKOTO TOCYyZapCTBEHHOTO TEeXHUYE-
CKOTO YHUBEpCHUTETA.

CykuszoB Anekcanap I'ypreHoBmd — KaHAuAAT (pu3MUecKO-MaTeMaTUYECKUX
Hayk, mpodeccop, mpodeccop Kadenapsl «PagnosnrekrpoHuka» JJOHCKOro rocy-
MAPCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA.

IllokoB Auapeii BukropoBuu — pykoBoauTenb mnoapasaeineHuss AO «Kb
«CBa3b»», acTiMpaHT JIOHCKOTO rOCyIapCTBEHHOTO TEXHUUECKOTO YHUBEPCHUTETA.

IIlokoBa KQmmsa AnekcanapoBHa — KaHAWIAT GU3NKO-MaTeMaTUIeCKUX HayK,
noueHT Kadeapnl «PamnosnekrpoHuka» JJOHCKOro rocyaapCcTBEHHOro TeXHUYE-
CKOTO YHUBEPCHUTETA.
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