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NMPOEKTUPOBAHME BOJIOKOHHO-ONTUYECKOW JIMHUU CBSAA3U
«METPOMABNOBCK-KAMUYATCKUIN - FOXXHO-KYPWU/1bCK»
P.1O. MaHunH
HayuHbin pykoBoauTens — Kasakos 10.K., K.T.H., AOLEHT

Uenbio gaHHoW paboTbl sBNSieTCs MNPOEKTUPOBaHWE BOJSIOKOHHO-
onTuyeckor nuHuUM cBsAsn «Kamuatka - [OxHble Kypunbi» Kak
3aK/IOUMTENBHOMO YeTBEepTOoro 3Tana cyneprnpoekTta «CaxanuH-MaragaH-
KaMuaTtka».

Peanunsauua paHHOro npoekTa MO3BO/MT PEWNTL BOMPOCHI
UMPPOBOr0o HepaBeHCTBAa M  AAacT  AOMOSHUTENbHBLIA  UMMNYALC K
CoLMAaNbLHO-2KOHOMUYECKOMY pa3BuTUIO JanbHeBOCTOUHOIO
denepansHoro oKpyra. Byanet npeaocTaB/ieHa BO3MOXHOCTb
noTpebuTensm NonyunTe 6€3nMMUTHbIe Tapudbl AOCTYNa K CETU MHTEpPHeT
Ha BbICOKMX CKOPOCTSIX, 60MblIOe YMUCAO TefieKkaHasnoB, B TOM uucCfie B
dopmate HD, a Takke uesnbli CNnekTp APYrMxX MHHOBALMOHHbLIX CEPBUCOB,
Takux kak obnauHble ycnyrun, ycnyrn LUOJl, AOCTYN K KOHTEHT-nopTtanam 1
Aap.

Peanunsauua paHHOro npoekta Ha OCHOBE B3aWMOYBS3aHHOW
KONbLEBOWA TOMNOSI0rUN No3BOSINT  CO3AaTb OTKa30yCTONUNBYIO
pe3epBUpYeMYyl0 CUCTEMY MepeAayy AaHHbIX B 061acTaX CO CROXHbIMU
nanawadTHeIMM U KJIUMMaTUYECKMMU  YCNOBUAMW.  3HaunTenbHasd
CTOMMOCTb BCero npoekrta notpebyer o6beaUHEHUS YCUIUII HECKOTbKUX
KOMMaHWA, 4TO  NpuBeAeT K 3HAUYMTENbHOMY COKpalWEeHUI0 CPOKOB
CTpOuUTENbCTBA NOABOAHLIX CErMEeHTOB KabenbHON CUCTEMbl, CHUXKEHUIO
KanuTanbHbIX 3aTpaT W OMNepauMOHHLIX u3aepxek. Tak nepsblil 3Tan
JAHHOro rnpoekTa npeaycMaTpuBaeT CTPOUTENLCTBO ONTUUYECKOro KOJbla
«Xabapoeck-KomcomMonbck Ha AmMmype». Ha BTtOpoM »3Tane 6yaer
MOCTPOEHO onTuyeckoe Konbuo «KoMcoMonbck Ha AMype - 0. CaxanuH».
TpeTnii 3Tan 3aBepLNTCS CTPOMTENLCTBOM OCHOBHOMO Konbua «CaxanuH-
MaragaH-Kamuatka». YeTBepTblil 3aBepwawwmii 3Tan npegnonaraer
npoknagky BOJIC no mapwpyty «Kamuatka-Kypunbl» C BbIXOAOM Ha
CaxanuH. MNpu 3TOM nNAaHUpyeTCcs NOCTPOUTbL COBPEMEHHYIO CKOPOCTHYIO
ceTb cBA3M Ha 0. CaxanuH M n/o KamuaTka, NpofoXuTb NOABOAHYIO
BOJIC, coeanHsiowyto o. CaxanuH, maragaHCKuii Kpaim n 6yaywyto ceTb
Kamuatkn. OaHOBpeMeHHO 6yAyT YUMTbIBATbCA WHTEPEeChbl MOCTPOEHUS
MeXAyHapOAHOWM OMTUYECKOM CEeTW B paMkax npoekTtoB Poccua - AnoHus
u Poccna - Andcka. [lo oueHkam cneumanucrtoB MNjaHUpyemas nuHUs
CBA3N AO/MKHa 06M1ajaTe KONOCCANAbHOMW NMPOMYCKHOM CNOCOOHOCTBIO — He
MeHee 7 TouT/c. Takylo NPOMNYCKHYK CNOCOBHOCTb B HacTosiwee BpeMs
BO3MOXHO  peanu3oBaTb TOJBKO HA OCHOBE KOMOMHMPOBAHHOW
TenekOMMYHUKALUMOHHON TexHonormm SDH/WDM. Mpu 3TOM nponyckHas
CNOCOB6HOCTL ceTn 0. CaxanuH onpeaennTcsl, Kak

C30H:1(40kaH x 10 G ) = 400G ;



NPONyCcKHas CrioCO6HOCTb CerMeHTa MEXAYHapOAHOW IMHUKU Ha AMOHUIO
Cmar:1(40kaH x 40 G) = 1600 G;
NPonyckHas CrnocobHOCTb cerMeHTa Ha KamuaTky
Cmar:5(40kaH x 40 G)= 8000 G .
3pecb: 40kaH - uUMCNO  OpPraHU3yeMbiX KaHaNOB  TEXHOOrMu
cnekTpanbHoro ynnotHeHmss DWDM; 10 G (40 G) - nponyckHas
CNOCOOHOCTE 0gHOro kKaHana DWDM Ha ocHoBe TexHonormn SDH ypoBHs
STM-64 (STM-256), cootBetctBeHHO 10 G m 40 G kaxabm; 1 n 5 -
UMCNO ONTUUECKUX BONOKOH B OK.
Takum 06pa3oM, OCHOBHOW W pe3epBHblii onTuveckne kabenu
BOJIC «Xabapoeck - CaxanuH - KamuaTka» AO/MKHbI CoAep)aTb He
MeHee 10 oOnTUYECKMX BOJIOKOH, 7 W3 KOTOPbIX — OCHOBHble U 3 -
TEXHONOMMYECKMIA pe3eps.

NMPOEKTUPOBAHWE CETU CNYTHUKOBOIO n UN®POBOT O
TENEBUWAEHNA TOCTUHUYHOIO KOMIMJIEKCA
K.B. Kucenesa
HayuHbin pykosoautens — Kazakos 10.K., K.T.H., AOLEHT

PaccmatpuBaetcs psa npob6aeMHbIX BOMPOCOB MO MPOEKTUPOBAHUIO
KOMMJIeKCa TEeNEeKOMMYHUKAUMOHHBIX YyCnyr B NepBOM Ansd PasaHu
CeTeBOM MOCTUHWUYHOM KOMMAeKce, a UMeHHO «AMAKC KoHrpecc-otenb».

Centuac coBpeMeHHble ropoaa He o06xoasatcs 6e3 roCTMHUL M
oTenein. Pa3BuTMe WHAYCTPUM T[OCTENPUUMCTBA C KaXAbIM rOAOM
HabupaeT TemMnbl. «xAMAKC KoHrpecc-otenb 3*» - HOBbIN OTenb 6usHec-
Knacca.

«AMAKC KoHrpecc-oTenb» - nepBblil ceTeBOi oTenb B PazaHu. Ero
BbIFOAHOE OT/IMYUE - B MPAKTUYECKM HEOrPaHUUYEHHbIX BO3MOXHOCTAX A1
npoBeAeHMUs CEeMMHApPOB, COBelWaHuii U KOHgepeHuuii. Komnnekc
coaepXuT 2 kKoHdepeHL-3ana n busHec-ueHTp. Ya06Hoe reorpaduyeckoe
pacnonoXxeHwe no3sonseTt aobpatecs A0 NGO TOUKKM ropoaa.

OpueHTMpyssCb  Ha  AenoBOro  YejoBeka, OTenb  AO0J/DKEeH
NpefocTaBUTL CBOEMY [OCTIO BO3MOXHOCTb He TOJIbKO KOM@OPTHO
opraHu3oBaTb CBOe pabouyee BpeMs, HO U OTAOXHYTb MOCAE TSHKENOro
TpyAoBoro AH4. [o3ToMy B uncno ycnyr o6sa3aTtesnibHO BXOAAT MHTEpHET U
TB-BewaH1e Kak Ha PYCCKOM, TaK W HA WMHOCTPaHHLIX A3blKaX.

Uene paHHOro npoekta - pa3paboTka cemm TB-BewaHus B
FOCTMHUYHOM KOMMekce. [1n18 3Toro Heo6xoAMMO NMOAKAIUYUTL HE MEeHee
20 OCHOBHbIX UMPPOBLIX TenekaHanos ¢eaepanbHOro 3HAYEHUS B
¢opmate HD. B CBSI3M C aKTMBHbLIM pasBUTUEM MeXAYHapOAHbIX
OTHOLWEHUI U NpUBMEYEeHUEM 3apybexHbIX MHBECTOpoB B ropoj PszaHb
uenecoob6pasHO NOAKMIOUUTL TakXKe psh  HOBOCTHbIX KaHanoB Ha
WHOCTPaHHbIX $A3blkax. JaHHylo 3ajadyy BO3MOXHO peanu3oBaTb C



MOMOLWWbLID CAYTHUKOBOW CBA3M, AN 4vero noTtpebyercs He MeHee 2
CMYTHUKOB.

BaxkHOI W  coCTaBnsiowein aBnseTcs  npeaoctaBfieHUe  rocram
WHTEPHET-YCAYT, HO peweHWe 3TOW 3ajauM peanusyeTca Ha
nocneayowux 3tanax NPoeKTMPoBaHUS.

AKTYanbHOCTb TeMbl oOnpeaensercs Cco3AaHueM [OCTUHUYHOIO
KOMMNJ/IEKCa C COBPEMEHHOI pasBuUToh WHPOTENEeKOMMYHUKALNMOHHOM
CTPYKTYPOI, CNOCOOHOM NpefoCTaBUTb BeCb CNEKTP BbICOKOCKOPOCTHbIX
WHOHOPMALMOHHbLIX YCAYT.

TaknM 06pa3oM, ANA AOCTMXKEHUSA MOCTABSIEHHON B MpoekTe uenm
He06X0ANMO pelnTb CReayoLWniA KOMMAEKC 3a4au:;

-OCYyLLeCTBUTb BbLIGOP WUCTOYHUKOB UMGPOBBLIX W CNYTHUKOBBLIX
TeNeKaHanos;

-pa3paboTatb CTPYKTYPHbIE CXEMbl FONIOBHONM CTaHUUK;

-OCyLLeCTBUTb 060CHOBAHHLIN BLIGOP KOMMAekca 060pyAoBaHUS  Ans
opraHmsauum cetu TB-BewaHus;

-paspabotate (QYHKUMOHANbHbIE CXEeMbl Pa3BOAHON 4acTu CeTu
FOCTUHUYHOIO KOMI/IEKCa.

JaHHbIA  NpoekT B TrOCTMHWYHOM KOMMJEKCe HaxoaAuTCd Ha
KOHTpoOne npaBuTenbCcTBa PA3aHCKOM 061acTyu U NMYHO rybepHaTopa.

MCCNEAOBAHUE BO3MOXHbIX CNOCOBOB PEAJIU3ALNN BJZTIOKA
YNPABJIEHNA MOOYJIEM A®AP
B.B. KucnuupbiH
HayuHbin pykosogutens - Kocc B.I1. , K.T.H., AOUEHT

PaccmatpuBaeTcs psn BonpocoB no crnocobam peanusauum 6noka
yrnpaeneHns MoayneMm akTMBHOWM a3sMpoOBaHHOM aHTEHHOW peLlueTku
(ADAP).

B HacTosiwee BpemMsa ADAP nmeeT WMpPOKY0 061acTb NPUMEHEHUS KakK
B BOEHHOW, TaK U B IFPaXXAAHCKOW paguonokauum. B ocHOBe aHTEeHHOM
peweTkn nexaT MOAYNU, COCTOSME W3 u3fyyaTend W MoAayndatopa
paguousnyyeHns. Mx OCHOBHasd 3ajavya - (HOPMUPOBAHUE AuarpaMMbl
HanpaefeHHoCTU ADAP.

B coctaBe Moaynsa ANs KOHTPOASA ONTUMANLHOIO pexunMa paboTbl U ero
3aWmnTbl coaepxutcs 6ok ynpasneduns (BY). Ero ¢yHkuus 3akniovaetcs
B perynMpoBke aMnauTyabl, a3bl W BpPEMEHHbLIX NapaMeTpoB
U3nlyyaeMbiX PaAuMOCUrHanoB, 3afOXeHHbIX B anroputme paboTbl
paguonokaTopa, W KOHTPojse napaMeTpoB, ob6ecneuvBalOWwmMx 3aluUTy
paboTel MOAynsi: BXOAHAd W BbIXOAHAA MOLWHOCTM, OTpaXeHHas
MOLLHOCTb, CBSI3aHHAas C COrNacoBaHWEM Harpy3ku yCUUTENs C BbIXOA0M
MoAynsATOpa, NapaMeTpbl 670Ka MUTAHUMSA MO TOKY W HaMpsXXEHUIo WU
TeMnepaTypa paboTbl MOAYNS.



CipyktypHo BY npeacraBnsier coboih cxemy ¢oOpMMpoBaHUS
UMMYNbLCOB CPABHEHUS, HA KOTOPYIO MOCTYNAIOT CUrHaNbl C aMNAUTYAHbIX
JETEeKTOPOB NpeABapuTENIbHOMO0 U OKOHEUYHOr0 yCUAUTENen, no KOTOPbIM
OCYLLeCTBASETCA  KOHTPOJlb  BXOAHOW, BbIXOAHOM U OTPaXK€HHOM
MOLLHOCTEN, CXxeMy (POPMUPOBAHMA CUMHAMNOB YMpaBfIEHWs, HA KOTOPYIO
NOCTYNalT WMNYAbCbl BKJIOUYEHUS MOAYNATOpa W KOMaHAbl KoAa
YCTAaHOBKW (pa3bl, a TaK Xe CUrHanbl KOHTPOSIS MO HANPSHKEHUIO N TOKY C
6noka nNUTaHMA, W MUKPOKOHTPOANEpa WAW  NPOrpaMMuUpyemMon
NIOrMYeckomn nHterpanoHoi cxemsol (MJINC).

BapuaHT peanuzaunm BY moxeT 6biTb NpeacTaBNeH Ha OCHOBE MUKPO-
KOHTpOAAepa, HO TakK KaK 4acToTa CcfleaoBaHus pPagnouMMybCOB
AOCTaTOYHO BefMKa, a BCe MapaMeTpbl A0MKHbI KOHTPONMPOBATLCSH
OHOBPEMEHHO, TO B JAHHOM C/yyae BbINOSIHEHME 3TUX YCNOBUNA
3aTpyAHUTENbHO, MOTOMY UYTO MUKPOKOHTPO/JIEP BLINOJHAET BCe
onepaumn nocneaoBaTenbHo. bonee onTMManbHLIM peleHneM SBAAETCH
BY Ha TUJINC. Bce onepauMnm B JAAHHOA CXeMe BbINOAHAKOTCS
napannenbHO, YTO NO3BOMSIET o6ecneunTb pexum 06paboTku napamMeTpoB
B peanbHOM BpemeHuW. Euwe oAHMM AOCTOMHCTBOM 3TUX CXEM SBAsSieTCH
obnagaHve 60nbled YCTOMUYMBOCTLIO K BHELWHWMM BO3AENCTBUSIM, 4TO
AOMONMHUTENBbHO FOBOPUT O LenecoobpasHoCcTM ucnonb3oBaHus MNC B
cxeme peanunsauun bBY.

1. BockpeceHckum a.un., KaHalweHkoB AU, AKTUBHbIE
dasnpoBaHHble AHTeHHble PeweTtkn. - Mockea.: PaguotexHuka, 2004. -
488 c.

MOAy/1b NPOLIECCOPOB ANMNAPATYPbI YNIPABJIEHUA U CBA3U
A.C. Nlocb
HayuHbin pykosoauTtens - CadoHoBa A.B.

WccnepoBaHne MOCBSIWEHO MOAEPHM3aUMM  aBTOMaTU3UPOBAaHHOWM

CUCTEMBI ynpaBneHus pakeTHbIMU NYCKOBbIMU yCTaHOBKaMu,

pa3pabotaHHon AO «HIMK
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npoueccopos (MI). AYnC pewaer 3ajaum NOAAEPXKU CBS3U MeExXAy
opraHamMu ynpasneHua u [Y, a Takke 06paboTkn KOMaHA, yrnpaBneHus u
nepegaBaeMblX AaHHbIX. [N  noBblWEHWS  MNOMEXO3aLMLLEHHOCTU
CUCTEMBI MPUMEHSIIOTCH 3KPaHMPOBaHWE U ranbBaHMUecKash (ONTPOHHAA)
pa3Bs3ka.

OcHOBHasi  CNOXHOCTb  MOAEpHM3auMu  CUCTEMbl  COCTOUT B
HeobxoaumocTn  obecrneuyntb  COBMECTMMOCTb  MOAEPHM3MPOBAHHOM
CUCTEMbI C BOOPYXeHueM, npousseneHHblM paHee. AYUC u Y AOMKHbI
B3aMMOAENCTBOBAaTbL MO TOMY Xe MPOTOKONY WHPOPMaUMOHHOro ob6MeHa,
UTO U UCXOAHAS BepcUsl CUCTeMbl, YTO noapa3yMeBaeT 06MeH AaHHbIMU
nMo NMHMKU RS-422 no NpUHUMNY «BOMPOC-OTBET», a TakXKe Mo OTAEeNIbHbIM
JIMHUAM Pa30BbIX KOMaHA. Tak Kak OCHOBHOM NMpo6nemoii CylecTBytowemn
CUCTEMBI SABASIETCA MNPUMEHEHWE HECKOSIbKUX MOpPafiibHO YyCTapeBLUnX
MWKPOKOHTPOJISIEPOB B MoAyfe npoueccopoB AYNC, a Takke BO3HUKLINE
npo6nemsbl C UX CepPUHBIM NMPOU3BOACTBOM, TO MOAEPHU3ALMA CBOAUTCH K
pa3paboTke HoBOM AYMC nocpeacTBOM 3aMeHbl B MI1 komnnekTta
MWKPOKOHTPOJIJIEPOB, COCTOSIBWIErO0 M3 MATM LWTYK, Ha OAWH HOBbIN
MUKPOKOHTponnep. MogepHusauus AYMC Takke AO0/HKHA MOBbICUTL €ro
HaA&XHOCTL 33 CUYET MNPUMEHHAEMbIX KOHCTPYKTOPCKUX PELWEeHUin wn
YMEHbLUTL ero Maccy.

lNpuMeHsieMbIi  MUKPOKOHTPOANEpP JO/MKEH WMETb OTevyeCTBEHHOro
npou3BoANTENS W MOAHOCTBIO  MPOrpaMMUpPyeMbii  YHUBEPCANbHbLIN
ACUHXPOHHBIN npueMonepeaaTuuk, a TalKe  COOTBETCTBOBATb
TpeboBaHMSIM  MNEPCNeKTUBHOCTM  ANs  AaNbHEWWnUX  Moaudukaumi
CUCTEMBI Ha €ero OCHOBE W MWMETb KaTeropuio kaudectsa «Bll». 2Tum
TpeboBaHMsAM MONMHOCTBLIO cooTBeTCTBYET 32-pa3psagHoiii
MUKpokKoHTponnep 1986BEST npouseoactBa AO «[KK Mwunangp» ¢
HoBehwmnm sapom ARM Cortex-M4F, paspaboTaHHbIM crieunansHO Ans
CUCTEM ynpaeBAeHus n umdppoBon 06paboTkm curHanoe [1], TakTOBOW
vactoton A0 100 MILW M BbINOMHEHHLIA B CPaBHUTENILHO HEOOMbLLIOM
MeTanIoKepaMMyeckoM Kopnyce.

1. O.Kosnoe-KoHoHOB. [lpoueccopHbie sapa cemenctBa Cortex.
CoueTaHue BbICOKOM MPOU3BOANTENBHOCTHU 7] HU3KOIO
3HepronoTpebneHmss [DnekTpoHHbIn pecypc] / [.Kosnoe-KoHoHOB. //
onekTpoHuka HTB. - 2010. - N? 8. — M. : PUL «TexHocdepa», 2010 - .
- Pexunm poctyna : http://www.electronics.ru/journal/article/135,
CBOOOAHBLIN. — 3arn. ¢ aKpaHa.



MMMUTATOP CUCTEMbI BUPTYAJZIbHOW PEAZIbHOCTH
C MUKPO3JIEKTPOMEXAHUYECKNM OATHYUKOM
A.B. MexaHukoB

HayuHbin pykoBogutens — Xononos WU.C., K.T.H., AOLEHT

OpraHbl 4YyBCTB 4YenioBeKa, Mpexae BCero — 3peHue, OPUEeHTUPOBAHBLI
Ha BocnpusiTMe O6bEeKTMBHOW peanbHOCTU. OJHakKO COBpPEMEHHbIe
TEXHWYECKME  CpeAcCTBa MO3BOALAIOT  CO34aTb Tak  HAa3blBaeMylo
BUPTYasbHYI0 WAW WCKYCCTBEHHYIO PpeanbHOCTb, TO €CTb WMWUTauMIo,
KOTOpas nepefaeTcsl YesIoOBEKY yepe3 opraHbl ero OuyLlWeHWsa: 3peHue,
Cnyx, ocsi3aHus, O060HsAHMe un ap. ObbeanHeHne O6LEKTUBHOA W
BUPTYasibHON peanbHOCTEN HasblBaeTcsl AOMOJSIHEHHOW peanbHOCTbIO. B
HacToslllee BpPeMs YCTPOMNCTBA AOMOSIHEHHONM pPeanbHOCTU  HaxOoAAaT
LWMPOKOEe npuMeHeHue (HanpuMep, B WrpoBbIX W AU3aliHEPCKUX
MPUNOXEHNAX, B MPAXAAHCKON 1 60eBO aBMauum u ap.) n obs3artencHo
coaepxaT AaTUMKW OpUEeHTauuK A5 HANOXEHUS BUPTYyasibHbIX 06BHEKTOB
Ha n3obpaxxeHne peanLHOro Mupa.

Hanbonee  KOMMAaKTHbIMKM  AaTyMKaMW  OPUEHTaUUU  SABASIIOTCHA
MUKpO3niekTpomexaHndueckme (MOMC) ceHCopbl, B KOTOPbIX COH6CTBEHHO
YYBCTBUTE/IbHLIE 3/1IEMEHTbI U 3A1IEKTPOHHAA YacTb BbIMO/HEHbI HA €AMHOWN
noanoxke. B CBOEM COCTaBe OHM COAEPXAT TPEXOCHLIM akcenepoMmeTp,
npeaHa3HayeHHbI AN W3MEepeHust  MPUAOXKEHHOro  YCKOPEHWUS,
TPEXOCHbIA AATUMK YIrAOBOM CKOPOCTM W TPEXOCHbIM MarHuToMeTp. Kak
npasusao, OHW WMEKT UuMPPOBOK BbLIXOA W NOAAEPXKMBAOT ABa
nonynapHeiX uMdpoBbiXx MHTepdenca: SPI n 12C. B pabote npuMmeHsncs
MOMC TpexocHbii pgatuMk Inven Sense MPU-9250 [1], pns uTeHus
MHpOpMaUuM C KOTOPOro W nocneaywowen nepegaum Ha [12BM Ha
NpOrpaMMMUPYEMON NIOrMyeckon wuHterpanoHoin cxeme (IMJIUC) Altera
cpeactBamu a3bika VHDL peanusoBaH umMdpoBoi aBToMar.

MNepepaya JAaHHbIX OCYLWECTBASETCA cneaylowmMm obpasom: 6anTol
TemnepaTypbl, YCKOPEHUSA U YrNIOBOI CKOPOCTU C AaTyuMKa, NpoYMTaHHbIE
UMdpPOBbIM aBTOMATOM, MOCTYNAaKOT Ha KOMMOHEHT npuemonepejaTyunka
UART un uepe3 MuUKpocxeMmy npeobpasoBaHusl nHtepdencos UART-USB -
Ha MN3BM ana oueHMBaHUS YrAOBOrO nonoxeHus. [lepegaBaeMblil NO
UART naket coctouT U3 23 6anT: ctapt-6anTa, 6 6aiT yckopenus, 6 6ant
YINIOBOM CKOPOCTU, 6 6alT 3HaA4YeHWit MarHUTHOW MWHAYKuMKM, 2 6anT
TeMnepaTypsbl, 6aliTa KOHTPONILHOW CYMMbl U CcTON-6alTa.

Ha TM2BM pns onpegeneHus yrnoBoW OpMEHTAUMM - Tpex Yrnos
Jiinepa - peanu3oBaH anroputMm MaxoHu [2]. 1o oueHKaM Kypca U KpeHa
Janee BbINOMHSAETCA MNepeMelleHMe CKOJb3SWero OKHa WHTepeca Mo
chepuryeckon nnm UMANHAPUYECKO NaHopaMe,



bubsmorpagpuyeckuii Crimcok
1. MPU-9250 Product Specification. Revision 1.0.
https://www.invensense.com
2. Mahony R., Hamel T., Pfimlin J.M. Non-linear complimentary filters
on the special orthogonal group // IEEE Transactions on Automatic
Control.-Notre Dame, 2008. - N°53(5). - P.1203 - 1218.

W3MEPEHMUE NAPAMETPOB ®A30BPALLUATE/IEA U NEPEOAYA NX
MO UHTEP®ENCY Kon
A. C. Cblues
HayuHbin pykosoautens — A. B. CapoHoBa, acCUCTEHT

CoBpeMeHHble (ha3mMpoBaHHble aHTeHHble pelwéTkn (PAP) coaepxaT B
cebe 6Gonee TbiICAYM U3Ny4vaTenein, Kaxablh U3  KOTOPbIX WUMeeT
¢dasospawartens (PB), npu  NPOU3BOACTBE  HYXAAOWMINCA B
MHOUBUAYANbHOW  HAcTpovke, Tpebyowen CHATUS  3aBUCUMOCTHU
BHOCMMOro casura asbl OT AJAUTENbHOCTUM NOoAMarHMYMBAIOLLEroO
UMMNYNbCA HanpsHXeHUS.

Ans u3mepeHuss napametpoB ®B Ha Ps3aHCKOM NpubOpHOM 3aBoje
MPUHATO UCNONbL30BaTb Npubop ®K2-33 B KOMMONEKCe C reTepoauHOM M
YacToToMepoM. B cBA3M € MoOpanbHbIM U PU3MYECKUM U3HOCOM AAHHOMO
obopyaoBaHUa MNpeasiodXeHo 3aMeHWTb €ero Ha aHanamM3aTopbl uenei
Agilent, B pe3ynbTaTe 4ero BO3HMKNA npobneMa COBMECTMMOCTU
uHTepgerica USB aHanusatopa Agilent ¢ uHTepgericom KOIM (kaHan
obwero nonb30BaHUSA) KOMMNblOTepa 06paboTkM AaHHbIX (KOMMNEKC
"Hesa"). C uenbio ob6ecneuntb COBMECTUMOCTb 060pyaoBaHusl 6bina
nocTaBneHa 3ajayva pas3paboTaTb npeobpasoBaTtens WMHTepdeica KOIl-
USB. lMepepava paHHbix ¢ Agilent naér B koaupoeke ASCII, a kaxaas
MocCblsIKa COCTOUT M3 14 CMMBONOB: NO 6 Ha KO PUUMEHT nepesaun m
caBur dasbl, a Takke BO3BpaTa KapeTKn U nepesoa CTPOKMU.

Bblna paccMOoTpeHa BO3MOXHOCTb peanu3aumm npeobpa3oBaHUs
mHTepgericoe USB un KOIM cneaywowmmn ycrpoicreammn: 82357B
USB/GPIB Interface for Windows (Keysight Technologies) n USB-4671
(Advantech). OpHako 6bl1I0 MPUHATO peLleHue, 4YTO PACCMOTPEHHbIE
YyCTPOICTBA He yAOBNETBOPSAIOT pelaeMOn 3ajave, Tak KakK Ans CBoen
pa6oTbl TpebyloT  cneunanbHOro MPOrpaMMHOro obecneveHus
(ApariBepoB), yCTaHaB/MBaeMOro Ha KOMMbIOTEpP, TOrAa KakK KOMMAeKkc
"HeBa", saBnsAsicb KOMMepueckoh pa3paboTkoi, nocraensetca 6e3
BO3MOXHOCTN MOAUDUKALNK.

B pa6ote 6bin npousBenéH NoabOp MUKPOCXEM, B pe3yfnbTarte yero B
cxeme npeobpasoBaTtens 6bina BblgeneHa ocobasi posib MUKPOCXEMbI
FT245BM, ocyuwectBnsiowen nepepod nocnefoBaTenbHOro MHTepderica
USB B napannenbHblii KO Ha 8-pa3pagHoOil WKHe, 1 MUKPOKOHTPONEpa,
ynpaBngowWwero 3TMM NepesoAoM W BbICTaBASIOWEro napasiesbHblid Koj,
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BMecTe CO Chny>XXebHbiMM curHanamm Ha nuHin KOIl. Mukpocxemsl
AduM4160BRWZ n TMRO511 obecneumBaloT rasbBaHUYECKYIO pa3BAa3KYy
MHTepdencoB M nuTtaHue ycTpolctea oT nopta USB. Mwukpocxema
AT93C66-10SI-2,7 namamm EEPROM xpanut wuHpopMaumio o USB-
yCTpOlicTBE.

B nakete Proteus 6blna npousBeseHa CUMYASAUMS  nepegayu
cnyxebHoro curHana Ox55 wn nonyuyeHne otBeta OxAA Mexay
MUKPOKOHTPONNEpoM K Mukpocxemoih USB. T[lporpammori paboTol
MUKPOKOHTPOANiepa  6b110 NpeayCMOTPEHO  3aropaHue  3enéHOoro
CBeTOAMOAAa B C/lyyae yAayHOW OTNpaBKW CUrHana W rnosyvyeHus oTeera.
B npouecce mMoaenupoBaHMs paboTOCNOCOOHOCTL  pa3paboTaHHONM
CUCTEMbI MOSIHOCTLIO MNOATBEPAMNACH.

Paspabotka npeo6bpasoBaTtens wuHTepdelrica no3BonMaa 3aMeHUTb
Heckonbko 6/10kOB YycTapeBwero o060pyAoBaHUA OAHWM HOBbIM, B
pe3ynbTaTe Yero u3MepuTenbHasa yCcTaHoBKa 6blia MOAEPHU3MPOBaHa.

NMOMEXOYCTOMYUNBOCTb LUMDOPOBOW MOAYISILIUN B YCJTOBUAX
AOQONTUBHDLIX LUYMOBbIX MOMEX
A.C. TonoaHoB, B.B. BuHanbeBa
HayuHbin pykoBoguTenb - KceHazos A.B., K.H.T., AOLEHT

CoctaBneHa nporpammMa B  Matlab, rpae  paccMmatpuBanace
MOMExXOyCTOMUMBOCTb NMPU pasnnuHbliXx Buaax moaynaummn (QPSK,BPSK,8-
PSK, QAM-16). bbln paccMOTpeH anroputM COCTaBNEHUSI CUIHANBHOMO
co3e3ams Ha npumepe QAM-16.

Takxke 6bI1I0 NpPOBEAEHO CpaBHeHuMe UudpoBOK MOAyNAUMM MNpU
xopowemM (Puc. 1) n nnoxom (P1Uc.2) OTHOLWEHUN CUTHAN-LLYM.
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Puc.1 (QPSK,BPSK,8-PSK,QAM-16)  Puc.2 (QPSK,BPSK,8-PSKQAM-16)
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Mpy NAOXOM OTHOWEHUMM CUTHAN-WYM Ppa3dbpoC TOYEK CTAHOBUTCH
60nblle N BO3pPaCTaeT BEPOATHOCTb TOr0, YTO TOUuka NonaaéTt He B CBOWA
KBaApaHT, CNneaoBaTeNbHO BEPOSATHOCTbL OWMOKM BoO3pactaeT. [anee
MOCTPOUAN rpaPukn BEpOSTHOCTU OWwMbkn Ha OUT B 3aBMCUMOCTU OT
OTHOLWeHUst curHan-wym (Puc.3) n caenanu BbiBO4, YTO MOAYNSAUMM TUMNA
BPSK n QPSK 6onee noMexoyCToOH4YUBSI.

10°
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PA3PABOTKA ¥Y3J710B XKXU3HEOBECNEYEHUA
CTABUWIN3NPOBAHHOTIO JIA3SEPA
C.A. JlaBblaoB
HayuHbin pykosoautens — Kpectos lN.A., K.T.H., AOUEHT

PaccmaTtpuBaetcs npobnema pa3paboTku Xu3HeobecneveHus
BbICOKOCTabunbHOro He-Ne nasepa. Bbicokasi cTabuibHOCTb ONTUYECKOM
yacToTel B HACTOsiLlee BpeMs ILIMPOKO BOCTpPeboBaHa B CUCTEMax
HapoAHOro XO351CTBa 7] BOEHHOM TEeXHUKE. Hanpumep,
BbICOKOCTabusbHbIE na3epbl LWMPOKO WCNONb3YIOTCA NPU MPOU3BOACTBE
BUC. ObecneumBaeT TOUHOE NepeMelieHne KapeTok ANS U3roTOBEeHUs
6onpwoii NUC. DTO 3HAUMTENnbHO MNOBbLIWAET KayecTBO NPOAYKUMM U
yMeHblUaeT npoueHt 6paka. B HacTosiulee BpeMsi BbICOKOCTAbWUibHbIE
nasepbl UMeT HecTabunbHOCTb 4YacToTbl nopsaka 107-9.. 10~-10 TIu,.
Takoi HecTabunbHOCTM yaaeTcsl AOCTUIHYTb B 2-X MOAOBOM Nlasepe, B
KOTOPOM CTabunuMsauus 4acToTbl OpPraHM3oBaHa MO METOAYy pPaBEeHCTBA
WHTEHCUBHOCTEN OPTOrOHANBHO NOASIPU30BAHHBIX MOJ,.

CrabunmMsaums  No  PaBeHCTBY MHTEHCMBHOCTEW  OPTOrOHasbHO
NoASIPU30BaHHbLIX MOA

Nasep paboTtaeTr Ha AByX OPTOrOHANbBHO MOMSAPU3OBAHHBIX MOAAX
MU3MYUYeHNs, 4YacTOTHash pPacCTporika Mexay KOoTopbiMu cocTtaBnsier 640
MIu OCO6EeHHOCTBIO AaHHOr0 MeToga CTabunmsaumm SBRSIETCS, 4TO
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BHYTPU Jfla3epa C BbICOKOW CTeneHbld TOYHOCTU MNOAAEPKMBASTCS
TeMnepaTypa akTUBHOIO 3/IEMEHTAa U ero pe3oHaTopa.

FnaBHbIM HEAOCTATKOM 3TOr0 METoAA SIBMSIETCH BbICOKAs CTOMMOCTb
nasepa : 280 Tbic. py6. [103TOMY CTOMT 3a4a4a YMEHbLUEHUS CTOMMOCTU -
nopsigka 60 Teic. py6. 6e3 60nbworo ywepba ctabusibHOCTU 4acToThl.

Cneayowmnii Metog - Crabunmzaums no MeToAy CpaBHEHUS
OAHOMOAO0BOr0 CUrHana C OMOPHbLIM BbICOKOCTAOUALHLIM HANPSHKEHUEM.
34eCb Mbl UICNOMb3YEM TOJIbKO MOMIOBUHY KOHTYPA aKTUBHOIO 3/IEMEHTa U
OfHY mMoay. BTopyld MOAy 3aMeHsieT OMNOpHbIA CUrHan, KOTOPbIA
pa3smewaeTcs B bioke ynpapneHus. NpoucxoanT CpaBHEHWE aMnauTyAbl
MOAbl fla3epa C OMNOpHbIM HanpsbkeHueM. [lanee B bnoke ynpaeneHus
NPOUCXOAUT BblUATAHME JABYX CWUrHanoB, B pe3ysbTaTe KOTOPOro
nonyyaeMm CurHan owubku, KOTOPbIN perynupyer BeNUYUHY TOKa
NpOTEKaLlWyl0 4epe3 HarpeBaTtesbHbl 23neMeHT. TakuM o06pasom,
NPONCX0AUT CTabunmsaums TeMnepaTypbl, U COOTBETCTBEHHO YaCTOThI.

CTrabmnbHOCTL 4acToThbl fasepa C OAHOM MOAOM HECKOJIbKO XyXe, yeM
C 2 MOpaMu, HO YyAOBNETBOPSIeT npakTuyeckMe 3anpocel. OaHako
CTOMMOCTb Nasepa Mpu ero npousBOACTBE PE3KO YMEHbLUAEeTCsl, UTO M
BbI3bIBAET MPUBMEKATENIbBHOCTE BO3MOXHOIO  MCMONb30BaHUS  3TOrO
MeToAa CTabunusaunu.

3agava coctouT B pa3paboTke 650Ka ynpaBfeHWsl HarpeBaTesbHbIM
3/1EMEHTOM MMEHHO Takoro nasepa.

OCOBEHHOCTWU MOAE/TINPOBAHUNA KACKAAOB C
TPAHC®OPMATOPAMMU HA AJINHHbBIX JINHNAX
A.C. Xaposa, A.A. TpuwunH
HayuHbIn pykoBoauTens — Bacunbes E.B., K.T.H., AOUEHT

PaccmatpuBaetcsi pss npobieMHbIX BOMNPOCOB MO MPOEKTUPOBAHUIO
TpaHchopMaToOpoB TUNa AMAUHHONW nuHuu (TAJ1) B NnporpaMMHOM nakerte
Micro-Cap11.

Y TAN, B oTnMume OT O6MOTOYUHbLIX TPaHCPOPMATOpPOB, BepXHsS
yacTtoTa Auanas3oHa coctaensier 200-250 MIu. lMpu moaenupoBaHuu B
KauecTBe KOMIMOHEHTA Mbl BbI6panu sneMeHT «JInHus nepepau».

Uccnenys cobpaHHble HamMu CXeMbl, @ WMEHHO OCYyLLeCTB/IeHne
nepexoga OT HECUMMETPUUHOIO reHepaTopa K CUMMETPUYHON Harpy3ske u
OT CMMMETPUYHOro reHepatopa K HeCMMMEeTPUYHON Harpys3ke (puc. 1),
6bI710 BbISIBIEHO, YTO OCOGEHHOCTLIO Takoro MOAENMPOBAHUS SIBNSETCS
3a/iepXKa YCTaHOBMEHUSI NPOLECCOB BO BPEMEHU. IJTO OOBLACHSETCS TeM,
uto kO03ddUUMEHT nepeaun MPOBOAHUKA - KOMMMAEKCHAs BENUUUHA.
AHanu3 nepexoAHbIX MPoLEecCoB MPOU3BOAUTCS MPU MOMOLM MHTErpana
CBEpPTKU UMNYNBCHOW  XapaKTEepPUCTUKMU, BblUMC/IEHME  KOTOPOK
NPONCXOAUT C UCMOJIb30BaHUEM npeobpasoBaHus dypbe.
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puc.1 MNepexon OT HECUMMETPUUYHOI0 reHepaTopa
K CAMMETPUYHOI Harpy3ke

B o6bnacty aMnAnTYAHO-4YaCTOTHOWM XapakTEpPUCTUKU JNIMHUSA nepejad
He AAEéT YETKOM KapTUHbI, YTO TpebyeT AONOAHUTENbHbLIX NCCNef0BaHWUNA.

Takxe B AAaHHOM paborte NpoBOAUINCE nuccneaoBaHms
LWMPOKOAMANA30HHOIO reHepaTtopa (puc. 2) Ha OCHOBe TpaHcdopMartopa
TMNa ANVHHASA NMHUS.

puc.2 lUnpokoanana3oHHbIA reHepaTop

MpyM 3ajaHHbIX MOKasaTensX 3/IEMEHTOB, BXOASIUX B CXEMY,
NoAyunnn MOLLLHOCTb Ha BbIX0oJe AAaHHOro reHepaTopa 92 MBT.

MOLLUHbIE CTABUJ1bHbIE ABTOrFEHEPATOPHbIE YCTPOWCTBA:
CTABW/IN3UPYIOLLNIA NTIEMEHT
A.P. lLlnpokos
HayuHbin pykosoautens - A.C. borgaHoB, K.T.H., AOLEHT

B TexHuueckon nuTepaType CyulecCTBYeT MHEHue, 4To ecnu
HeobXx0AMMO nMOCTPOUTL CTabunbHblA  aBToreHepatop (AlN), TO ero
MOLHOCTE He JA0/MKHA OblTb BbICOKOM M 3TO 3HAYUT, UTO MOLLHOCTb
TPAAULIMOHHBLIX YCTPOWCTB HE MpeBblllaeT eauMHuupl MBT. PeweHueMm
TaKoOro MHeHWs SBNSAeTCs ypaBHeHus 6anaHca ¢da3 ¢, + ¢, + ¢, =0. Ha
PUCYHKe npeacTaBneHbl (pa30Bble XapaKTepUCTUKKU ANs HU3KO-(Q,) wu
BbICOKOAOOPOTHOro  KOHTypa (Q,). [lepeceyeHne XapakKTepuUCTUKU
KOHTYpa M CyMMbl (as30BbIX Yr/IOB JAAeT 4acToTy reHepauuu. M3-3a
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BHELWHUX (PaKTOpPOB(M3MEHEeHWE TeMrepaTypbl, pa3psaaka akkyMynsaTopa
M T.4.) JNMHUSA CyMMbl (a30BbIX YIMOB HauyMHaeT MnepeMeLlaTses,
M3MEHSAETCA YacToTa reHepauuu,

o —(@s+9) 3 3570  ectb  nposeneHne
e w2 HeCTabUNbLHOCTHU. Ecnun ne
L2

paccMOTpeTb KOHTyp C 6onee
N BbICOKOIM A06pOTHOCTBIO (), TO
i i NPOSABNEHUS HeCcTabunbHOCTU
[ MeHblle, TaK KaK paccTosiHue
MexJy 4acToTaM YMEHbLUWIOCh.
CnepoBaTtenbsHo, yTObHI
MOCTPOUTb  BbICOKOCTAbUNBHBIN
aBToreHeparop, HY>XHa
PHCYHOK 6eckoHeuHo 6onbLag
AO6pOTHOCTE. DTO  BCE  OTHOCUTCA K
OAHOKOHTYpPHbIM Al. Koraa mbl nepengem K ABYXKOHTYPHBIM M MOPYUUM
OAHOMY CBS13b C HArpy3koih (HU3KoAO6POTHLIN), a ApYyroh 6ypeT u3 cebs
NPeACTaBNATbL KBapLUeBblil pe3oHaTop C A06POTHOCTLIO MWUJISIMOH, TO Mbl
MOXEM caenatb MOLWHbIA M CcTabunbHblit Al CylectByeT HECKOJbKO
BUAOB KBapLEBbIX aBTOME€HEpPaTOpOB: OCUMANATOPHbIE, dunbTpoBblie. Ho
CaMbl PacCnpOCTPAHEHHbIA - 3TO KBapuEBbLIA pe30HATop Ha 06beMHbIX
TMNax konebaHuii. OH npeacTtaBnsieT METaN/M3MPOBAHHYIO KBapLEBYIO
NAacTUHY BHYTPU CTEKASIHHOM KOM6bl, HO Y KOHCTPYKUMK 6biAn CBOU
HepocTaTKkU: He npucnocobneHbl Ans oTBoAa Ternsa W npeaesnbHo
AonycTuMas MOLWHOCTb pacceMBaHus 2MBT, orpaHuyeHue 4acToTbl
OCHOBHOIO TOHa Ha yposHe 20-30 My n BOCNPMUMUMBOCTE K BUGpauuu.
Co BpeMeHeM nepewnM Ha KBapueBble Pe30HATOPbl Ha MOBEPXHOCTHBIX
akyctmueckux BonHax (MAB). 3aecs pewnnm npobneMsbl C 0OTBOAOM Tenna
W YyBCTBMUTENbHOCTb K BUGpaLMK, a TakKe ero MOXHO 6bl10 BbINOAHWUTL
Ha yactoTy A0 1 ITu. B PIPTY xe pa3pabotann KOHCTPYKLMIO TAKOro
MAB pe3oHaTopa. K MeTannnyeckoMy OCHOBaHUIO npucoeauHsieTca [MAB
3/1IEMEHT C MOMOLWbLID CMa3KW, OHa 3anofiIHAEeT BCe HEepPOBHOCTUM Ha
NOBEPXHOCTU W AAeT KOHTAaKT MeXAy 3/1IeMEHTOM W MNAacTUHOM, HO HeT
MexaHn4yeckon dukcaumn. Janblie NOCTaBWAM  KOPNyC, BTYJKa
NPWXXMMaeTcsl  AaHHbIM ~ KOPMYCOM,  OCYLWECTBAAS  MeXaHWYecKylo
dUKcaumIo N Tak KakK BbICOTA KBapLUEBOW NPOKIaakmM pasHa BbicoTe [AB
3Q1eMeHTa, OHa WMeeT TaKOoW e TeMnepaTypHbil KO3hEUUMEHT,
obecneumBaetcds  3P@PEeKTMBHbIA  TEen/00TBOA WU HEeT  HUKAKKUX
MexaHWYeCKNX HanNpskKeHWi, a cnegoBaTesibHO, U HET 0TBOAA 4acTOThI.

-2 |
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OCOBEHHOCTU PA3BPABOTKW AUCTAHLIMOHHO YMNPABJIAEMON
NoABUMXXHOW NJIAT®OPMbI TUMA «FEKCANOA»
E.M. MainHytanHos
HayuHbin pykoBoauTenb — bakke A.B., K.T.H., AOLEHT

PaccMmaTpuBaetTcs  WMPOKUIA  paj  BONPOCOB W npobneM B
NPOEeKTUPOBAHUN AUCTAHUMOHHO YMNPaBASIEMOM MNOABWXHOW NAaTgOpPMbI
«[ekcanog», a Takke cnocobbl Ux peweHus. «lekcanog» - nnatdopma,
coaepxalwasa B CBOEM COCTaBe LWEeCTb KOHeYHoCcTeW. [loknaj coaepXuT
OnMcaHne KOHCTPYKUMOHHBLIX 0CO6eHHOCTeN npoekTMpyeMoro po6oTta, a
WMEHHO: (opMy 4YacTeil BCeX COCTaBAAIOWMX KapKaca U ero martepuarn,
KMHEMaTUKyY ABWMXEHWS KOHEYHOCTEN, Cnoco6 ABMXKEHUSA KOHEUYHOCTEMN.
Take yKa3blBaeTCs, YTO OCHOBHbIM YMpaBAsIOWMM YCTPOACTBOM Ha
nnatpopme sapnsetcs nnata Arduino UNO € MMKPOKOHTPOANEPOM
ATmega328, cnocobHass nogaBaTb MMNYAbCbl YMNpPaB/eHUS Ha BCe
CepBONpuBOAbLI, KOTOpble nepeaBuraloT KOHEeYHOCTU. CXeMbl BKJIIOUEHUS
nnaT U CEPBONPUBOAOB NPpUBEAEHbI B AOKNaje.

[na opraHusaumMmM AUCTAHUMOHHOINO YynpaefeHus, T.e. nepejaveit
koMaHg Ha nnaty Arduino UNO wucnonb3oBaH mogyne NODE mcu v3 ¢
unnom ESP8266, koTopbiit paboTaeT Ha ocHoBe npotokona Wi-Fi. Kanan
CBSI3M COCTOMT U3 TaKoro MOAYNSA Ha OAHOW CTOPOHE U TepMWHanNa, B BUAE
cMapTdoHa C nonb3oBaTenbCKUM npunoxeHmeMm Blynk, Ha apyroin
CTOpOHe. Bbl6bop MMeHHO Takux nnaTt obycnoeBneH TeM, 4TO OHU 0b6e
npowwusBaloTcs B nporpamme Arduino IDE, cpega nporpaMmMupoBaHus
KOTOPOI4 AOBOJIBHO MPOCTa.

Takke B AOoKnaae oceBellaeTcs npob6neMa NUTaHUs BCeX YCTPOWMCTB, C
yUYeToM TOro, 4YTo BCE OHW NOTPEe6AAIOT pa3HbIi TOK. PasaenbHoe nutaHue
HeobxoauMMO CcepBOMpuBOAaM, BBUMAY WX Haubonbwero notpebneHus
3Heprun. OTaenbHO nuTaHue 6yaeT nogaeatbcs M kK Wi-Fi Mmoaynio, u K
yrnpaensowen nnarte, Tak Kak ToK, notpebnsemsblin Wi-Fi mogynem Bbiwe,
Hexenn y Arduino.

B utore goknapn npeactaBnder cob60il TEOPETUUECKYIo MOArOTOBKY K
NPOEKTUPOBaHUIO NnaTdopmMbl «ekcanon».

PA3SPABOTKA CUCTEMbI NEPEAAYUN AAHHbIX C
HU3KOMMTOTHOCTHbLIM KOOAUWPOBAHUEM
B.b. l'opbyHoBa
HayuHbin pykoBoautens — OBMHHMKOB A.A., CT. NnpenojasaTenb

PaccmoTpeHa npobnema obecneyeHMsl HAAEXHOW nepeaayu
JAAHHBIX MO KaHany CBA3M C YYETOM HANOXKEHUS LIyMa.

OpHUM U3 BaxHeWWnX (PakTopoB ANs peleHus 3TOro Bonpoca
fABNSIeTCA Teopusi MOMexXOyCTOMUMBOro KoaupoBaHusi. Ha 6asze 3T1oi
Teopun paspabaTbiBAIOTCA CUCTEMBbl 3aWuTel OT OWMOO0K, KOTOpblE

16



OCHOBLIBAIOTCA Ha MNPUMEHEHWW MNOMEXOYCTOWUMBLIX KoAoOB. Ha
CeroAHsWHNIA AeHb W3BECTHO MHOXECTBO KOAOB W MEeTOAO0B WX
AekoamposaHus (Typ6o-koabl, koabl Pnpa-ConomoHa n MHoOrue gpyrue).
B uccneayemoi cucteMe nepejauM AaHHbIX paccmaTtpusatroTcs LDPC-
KOAbl, MHAYe roBOPS, KOAbl C HU3KOM NJIOTHOCTLIO NPOBEPOK HAa YETHOCTb.
3T0 nWHelHble 6710KOBblIE CUCTEMaTUYEeCKMe KOJAbl, KOTOpble 3a[aloTcs
NMPOBEPOYHOM MaTpuuehn W uTepaTMBHbIM pekogupoBaHueMm [1]. Ansa
obHapyXeHus ownbok B NepeAaBaeMOM NaKeTe AaHHbLIX MCNOMb3YyeTCH
MeToA npoBepkn 4yeTtHocT. C  ero rMoMOWbK  CUCTEMA  He
BOCCTaHAB/MBAET AaHHbIE, a NNWb O6HApPY>XXMBaeT OAMHOUYHYIO owmnbky. C
NOMOLLbI0 MPOBEPOYHOW MaTpuupbl ONpeaensieTcsa pas3psii, B KOTOPOM
npousowna owubka. UTepatmBHoe AeKoAMpOBaHWE 3aK/OUYaeTCs B TOM,
UYTO HaxoXAeHue KOAO0BOro crnosa 6yAeT NpoOU3BOAUTLCH 3@ HECKOJbKO
LMK/IOB C NocneAoBaTeflbHbIM YTOUYHEHWEM pe3ysibTaTa Ha KaX /oM Lware.

BcneacrtBue xopoluweit koppektupytowein cnocobHoctn LDPC-koabi
HalWJsN LWKMPOKOE MPUMEHEHUE B COBPEMEHHbIX UMPPOBLIX CUCTEMaXx
cBa3un. Jna 6onee nopgpobHOro paccMOTpPeHust CUCTEMbl Mepeaaudn
OAHHbIX C HU3KOMMAOTHOCTHbIM KOAMpOBaHWeM 6bin BbibpaH CTaHAapT
KuTanckoro teneenaeHns DTMB, KOTOpbIA SIBASIETCA CaMbiM «MONOAbIM>»
M3 CYLECTBYIOWNX Ha AAHHbLIA MOMEHT (a WMMEHHO, aMepuKaHCKOro,
€BPONEerCKOro U ANOHCKOro CTaHAAPTOB Ha3eMHoro TV BewaHud). B Hem
nucnone3yeTtcs BHyTpeHHun LDPC-kop co ckopoctamu 0.4, 0.6, 0.8 [2].
JekoanposaHue B craHgapte DTMB ocHoOBaHO Ha anroputMe C
pacnpocTpaHeHneM AoBepusi, MNO-APyroMy ero HasblBalOT aJiropuTMm
«CyMMa-npounsseaeHne», KOTOpblA paboTaeT C MArKMMU pelleHUsMU
AeMoaynsTtopa.

B xoae npoaenaHHoM paboTbl 6blM U3BAEYEHbl M PacnaKoBaHbI
rnopoXxAaatolme U npoBepoyHble MaTpuubl ctaHaapta DTMB. lNMpousseaeHo
MoAenupoBaHWe CUCTeMbl MepeAayd JAaHHbIX C  HU3KOMJOHOCTHLIM
KOAMPOBAHMEM MPU Pa3IMUHLIX CKOPOCTAX nocpeactsoM cpenbl MATLAB.
Ina oueHkM kadectBa paboTbl AekoAepa WCMoMAb30Banacb OLEHKa
BEpOSTHOCTK owmnbkn aekoanpoBaHusi (BER) Ha MHPOPMALMOHHBIA 6UT,
BblUMCNsieMas Kak OTHOLWEeHue KOnnyecTsa OWNB0YHBIX
MHPOPMALMNOHHBbIX 6UT nocne AeKoAUPOBaHUS K O6WeMy KOnMuecTBy
nepeaaHHbiX MHHOPMALMOHHLIX 6uT [3].

bubsmorpaguyeckusi Crimcok
1. Gallager R. G. Low Density Parity Check Codes, 1963
2. GB20600-2006 Framing Structure, Channel Coding and
Modulation for Digital Terrestrial Television Broadcasting, 2006
3. ContaHoB A. I'. Cxembl gekoaupoBaHus n oueHkn LDPC-kogos //
be3onacHOCTb MHPOPMALUMOHHBIX TexHonormin, — 2010.-N22.-C. 61-67
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PA3PABOTKA MOAY/1IS1 KPUNTOMPA®UYECKOW 3ALLUTDI
H.B. KnblyHnkoBa
HayuHbIn pykoBoauTenb — N'ycuHckas M.B., K.T.H., AOUEHT

Uene pabotbl: pa3paboTka mMoaynst KpuntorpacUUeckom CUCTEMBI,
CNOCOOHOro OCyLWeCcTBAATL onepaumn wudpoBaHna MHGopMaumn.

[nsa peanusaumm 6bim BeI6paHbl Cneayolmne MeTopl:

- nMporpaMMHasl peanusaums (NpPOCTO WUCMONb30BaTb, JIETKO
KOMUPOBaTb, HETPYAHO MOAUDUUNPOBATL B COOTBETCTBUU C KOHKPETHBIMU
noTpebHOCTAMN);

-  CUMMETpPUYHOE nMOoToYHoe wudpoBaHme (Ha MPUEMHON U
nepejalower CTopoHax WUCMNOMb3YeTCHd OAMH  CEKpPEeTHbI KoY,
WndppoBaHne NPOBOAUTCA HaA KaXKAbIM 6aATOM);

- anroput™ RC4 (nOTOYHbIA WK@P, KOTOPLIN MOCTPOEH Ha OCHOBEe
reHepartopa nMCeBAOCNYYAWHbIX uYUCEeNn C PABHOMEPHbIM  3aKOHOM
pacnpegeneHus, AAUHY Ka4ya MOXHO u3MeHsTb oT 40 go 2048 6uTtoB)

[1].

dopMupoBaHue knw4deinr B anroputMe RC4 He 3aBucutT OT
HauanbHOro TekcCTa. cnonb3yeTcs S-6/10K, €ro 3neMeHTbl NPeACTaBnsioT
coboli nepectaHoOBKY 4YMCeN, OHa ABASIETCA PYHKUUEN KNK4Ya pasfIMyYHOMN
AJNMHbL. B AaHHOM wudpyowem anropMtMe NPUMEHSIIOTCS ABa CYETUMKA C
HY/NIeBbIMM HayajbHbIMU 3HAYEHUSMU i WM j - OHM obecneumBalT
M3MEHEeHMe KaX[oro 3feMeHTa chaydaiHblM o6pa3oM [2]. CnnowHble
CTpPenKkM O3HaualT Mnepefayvyy 3HAYEHUWA MexAy 3SNIEMEHTaMu CXeMbl
(npucBanBaHue), a NYHKTUPHbIE — nepeaavy MHAEKCOB (CM. PUCYHOK).

i 0 AnroputM mudpoEaHuA

+i
mod 256 S0

----- 5 S0 ’| mod 256
+1 ;
mod 256 it

K | s®

nceBgocnydaiHEle GaiTH

255

Anroputm RC4

MoTtouHblit anroputM RC4 co3paH ans (popMMpOBaHUS Kaw4a, a
caMo WwudpoBaHUe MNpoUCXOAUT C MOMOLLLIO ONnepauuMm CHOXeHUs Mo
Moaynio 2 (6anT knoua XOR 6ainT oTkpbiTOoro Tekcta). RC4 yCcTonumne kKak
K anddepeHumanbHbIM, TaK U K IMHENHbIM KPUNTOrpacnyecknm atakam,
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OH HE UMeeT KOPOTKUX LUMK/OB, a TAaKXeE B BbICOKOM CTENEHW HeNUHEeeH

[1].

bubsmorpaguyeckusi Crimcok
1. AcockoB A., MBaHoB M. [loTOuYHbIe wWugppbel. - M.: KAWL -
OBPA3, 2003-336 c.
2. Cratba «AnroputM RC4». [DneKTpoHHbIA pecypc]: http://life-
prog.ru/1 18780 algoritm-RC.html (gaTta o6paweHus: 10.04.2017).

MCCNEAOBAHWE NAPAMETPUYECKNX METOAOB
CNEKTPAJIbHOIO OLUEHNBAHUA ANA AHAJIN3A
CNEKTPAJIbHOIO COCTABA PAANOCUTHAJIA HA KOPOTKMX
BPEMEHHbIX MHTEPBAJIAX
N.M. Menewkos
HayuHbin pykoBoauTens — BonueHnkos B.A., CT. npenogaBaTesb

PaccmatpuBaeTcs psa npobneMmHbiX BOMPOCOB MO pa3paboTke MoAenu
UMDPOBOro CNeKTPasbHOro aHanuM3aTopa Ans CUCTEM PaAUOMOHUTOPUHIa.
B uyacTtHocTMn, paccmaTtpmBaetrcd npob6ieMa 4YacTOTHOrO paspelleHus Ha
OCHOBE CMeKTpasibHOro OLUEeHMBAaHWA paAuocuMrHanos. 23Ta npobneMa
HabupaeT CBOK aKTyaslbHOCTb MO HECKOJIbKMM MpUYMHAaM: BO-MepBbIX,
pacTéT uMcno pagnmoCcUrHasnos, 3TO NMPUBOANT K YMEHbLUEHUIO UHTEPBAsOB
MeX Ay 4acToTaMu, Ha KOTOPbIX OHW NepefaloTcs; BO-BTOPbLIX, BpeMms, 3a
KOTOpOe NPUEMHUK A0/MKEH O6HApYXUTb HEO6XOAUMBIN CUFHAN U3 BCEro
pa3Ho06pa3nsa NOCTyNalLWmMX Ha Hero CUrHaA0B, YMEHbLUAETCS.

Ansa npopabotknm 6bina B3sATa aBToperpeccuoHHas (AP) mMogenb
dunbTpa, KoTOpas paboTaeT Ha OCHOBE MapaMeTPUyYecKux MeToA0B
CneKTpasibHOro  oueHmBaHWs. Bblbop oOCHOBbLIBanCs Ha MpoOCTOTE
NPOEKTUPOBAHUSA TAKOW MOAENU U BO3MOXXHOCTW WUCMOSIb30BaHUA €€ ans
IWMPOKOro  crnektpa 3agady B obnactm  uudposor  06paboTku
pagnocurHanos.

U3yueHne  AP-mozenu npoBoAuNOCL C MOMOLLLIO  OLEHKU
CneKTpasibHOW  MNOTHOCTM  MOWHOCTM  ABYX CUIHanoB, KOTOpas
paccuvTbiBanacb AByMSA MetogaMmu: MeTonos lOna-Yonkepa v MeToaoM
Bepra. [na 3toro 66110 NpoBeAeHO MoAenupoBaHue B nporpamme Matlab.
MNepBas yacTb MOAENUPOBAHUA NPOBOAMMAACH MPU NOCTOSHHOM MOpPsAKe
MoZenn. 3a UCTOYHUK 6bln MPUHAT CUMHAN, COCTOSALWMIA M3 CYMMbl ABYX
rapMOHWYECKNX CUIHANOB pPa3fIM4YHOW 4acToTel. B npouecce paboThbl
YacToTbl ABYX CUrHanos cébnmwxanucb. B pesynbtate 6bln nonyyeH
OTHOCUTENbHbIA  MHTEpBan 4actoT, npu koTopoMm rpadpukn CIM
paguocurHanos  CTanuM  Hepasnuuumbl.  Janee,  MoaenupoBaHue
NpoBOAUOCE MpWU  MOJSIYYEHHOM MpeAeslbHOM MHTepBane 4acToT C
U3MEeHEeHMEeM nopsaka MoAenn. 3TO NPUBENO K YAYyUYLEHUIO pasfinyeHus
ABYX CUMHAMOB fMLWb MPWU YBEANUYEHUU NOpAAKa.
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Takum 06pa3oM, B xoge paboTbl 6biia onpeaeneHa paspeluarwas
CNOCOOHOCTE AN ABYX MeToA0B, no KOTOPbIM paboTtaioT
aBTOperpeccuoHHble  Mogenu npu  oueHke CIM  curHanoe, Ans
pa3nuMueHns ABYX rapMOHMYECKUX CUrHanoB. A Takke 6bia cAenaH BbiBOA
0 Heo6X0AMMOCTU TWATENBLHOIO ONpeAesieHns Nnopsika MoAenu, Tak Kak
OH BNUSIET Ha paspeleHne curHanos m bbicTpogeincrteme oueHkn CIM
CUrHanos.

KOMNbIOTEPHOE MOOE/TUPOBAHMUE NMPOLIECCA PASMbIKAHUSA
BbICOKOBOJIbTHbIX TEPKOHOB
3.3. AtaeBa
HayuHbin pykosoantTenb — KopoTueHko B.A., A-p TeXH. Hayk, npodeccop

B paHHOM  pgoknage  paccmaTpuBaetrcsa  psa npobnem,
BO3HUKAWOLWWX MNPU  pPa3MblKaHWM  MarHUTOYMNpaBAsieMblX KOHTAKTOB
repKkoHoB. [epkoH - 3TO MarHUToynpaBnsieMbli repMeTU3NPOBAHHLIN
KOHTaKT C ¢eppoMarHUTHbIMW MPY>XUHaMKW. YCTPOWCTBO NpeacTaBasieT
coboli B CaMOil MPOCTON KOHCTPYKUMM ABe MNepMasnsoeBbliX MPOBOSIOKM,
3aBapeHHbIX B CTeKNAsHHYIO Konby. [poBONOKM BHYTpPM pacnonaratTt
TakmM o6pasomMm, 4uTtobbl Mexay HuMM obpasoBancsa Hebonbloi 3a3op,
TalKKe YaCTb KOHTAKTUPYIOLWMX NOBEPXHOCTEN, KaK NpaBuio, NOKPbLIBAKOT
30/10TOM, pPOAMEM WAM CrjslaBaMM Ha OCHOBe 30s0Ta. [lpuHUMn paboTbl
3aK/Ilo4aeTcsl B BO3AEWCTBMM  MArHUTHLIM - MNOJIEM Ha  MPYXWHBbI,
BCNEACTBME YEero KOHTaKTbl 3aMblkaloTcsl, nnbo pasMmblikatloTca. [lone
co3paetcs NM60 MNOCTOSIHHLIM  MarHMTOM, nMGO  3NEeKTPOMarHUTHOW
KaTywkon. [onocte konbbl 3anofiHAIOT ra3oM, HanpuMep: BOAOPOA,
aproH, as3oT. a3 BbINOMHSET 3alMTHYI0 QYHKUMIO, npeaoTBpallaeT
pa3BUTUE KOPPO3UN KOHTAKTOB.

BbICOKOBONbLTHbIE FEPKOHbI XapaKTepu3ylTcs 60sbWUM 3HaYeHneM
NnpobuMBHOrO  HanpspkeHusi. BMecTo  3anosiHeHus  konbbl  ra3om,
NPOM3BOAAT  BaKyyMupoBaHuWe. Y  TaKuMX [EepKOHOB nNpobuBHOE
HanpsbkeHMe MoXeT jgocturate nopsaka 10 kB. BbICOKOBOMbTHbIE
repKoHbl MPUMEHAITCA B AOPOrocTosiler annapatype M K UX
HaAEXHOCTU NPeabABASIOTCS MOBbIWEHHbIE TpeboBaHMS.

HagexHoCcTb M AOAMOBEYHOCTb  XapaKTepusyloTcs  KOUYECTBOM
3aMblKaHWI U pa3MblKaHWl KOHTaKTOB. [lpouecc pa3MblKaHUSA KOHTAKTOB
BAUSIET Ha COCTOSIHUE KOHTAKTUPYIOWMX MNOBEPXHOCTEN. MHOXECTBO
uccneaoBaHWin  MoKasano, UYTO WMEHHO B  MOMEHT 3aMblKaHus Wan
pa3MblKaHMSA MOBbLIWAETCA PUCK 3pO3MM  KOHTaKTOB. PaspyweHue
KOHTaKTOB MPOUCXOAMT MU3-3a NPOTEKAHUSA TaKMX MNPOLECCOB, Kak aBTO- U
TEPMO3/IEKTPOHHAs 3MUCCUSl, KOTOpble MNPUBOAAT K  JIOKAJbHOMY
pa3orpeBy W pas3pyLleHU0 MOKPbLITUIA KOHTAKTOB. B BbLICOKOBOJSIbTHBIX
repkoHax u3-3a O60NbLIKUX HAMPSHKEHMA MOBbIWEH PUCK YCKOPEHHOM
3p03uKn, CneaoBaTenbHO, W3yyeHWe W MOAENMpoBaHWe npouecca
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pa3MblKaHus KOHTAKTOB  sIBNsieTCs Ba)XHOM  3aaauven. 3HaHune
3aKOHOMEPHOCTEN NMpOoLEeCcCcoB, NPOTEKALWMX NPU pa3MblKaHUK, MO3BONNUT
COMOCTaBUTb U CUCTEMATU3UPOBATb TPebOBaHUSA K INEeKTPOPUIUYECKUM
CBO/CTBaM  MaTepuanoB  KOHTAaKTOB, MpeabsiBUTb  He0O6X0AMMbIE
TpeboBaHMSA K TEXHOMOMMU U3rOTOBNEHUS.

Ans KOMIMbIOTEPHOIO MOAEeNNpoOBaHUS NpUMEHsETCS A3bIK
nporpaMMmpoBaHus QBasic.

bubsmorpaguyeckusi Crimcok

1. PabkuH J1.1. MarHuToynpaBnsieMbie repMeTU3MpoOBaHHbIE KOHTaKTbI
/ N.N. PabkuH, N.H. EBreHoBa. — M.; «Cssa3b», 1976. - 104 c.

2. KA. ApywaHoB, W.A. 3enbuep, B.M. Epmakos, E.B. TpyHwWH.
BbICOKOBONbTHLIN BakKyyMHbIil repkoH // OAO «P3MKI». - 2011. - C, 15.

3. AE. YwmxwukoB, C.b. WnbuueB, A.B. LnbikoB OcobeHHOCTH
NpoLEeCcCcoB MpU pa3MblKaHUW BbICOKOBOJIbTHbLIX MarHUTOYnpaBasieMbiX
KoHTakToB // PITPTY. - 2008. - C. 4.

CO34AHUE TPEXMEPHOW MOAE/IN BOJIHOBOIO

TBEPOAOTE/NIbHOIO rTMPOCKOINA B SOLIDWORKS
A.B. backakoBa

HayuHbIn pykoBoanTens — KnuMakoB B.B., K. T. H., AOUEHT

PaccMmatpuBaloTcss BOMPOCbI  CO34aHUS  TPEXMEpPHLIX Moaenen
BOJIHOBOIO TBEpAOTensHOro rmpockona (BTI) Tpex KOHCTPYKUUW Pas3HbIX
NpoOu3BOAUTENENA.

B ocHoBe paboTbl BO/HOBOrO TBEPAOTESIBHOrO MPOCKOMNa SEXUT
ABJIEHUE WHEPTHOCTU CTOSUMX BOSH - KosiebaTesbHOro npouecca c
YCTOMUMBbLIM B MPOCTPAHCTBE PACMOSIOXKEHMEM MAKCUMYMOB (MYy4YHOCTEN)
M MUHUMYMOB (y3N0B) aMnanTyAbl. 2TOT 3¢d¢deKkT Bnepsble 6bi1 OTKPLIT
6putaHCcKMM  Pu3nkom bparaHoM, KOTOpbIM uccnenoBan ABUMXEHUE
CTOSiUe BOJIHbl, BO3OYXAEHHON MNpM U3rMBHBIX KONEebaHUaX TOHKOro
KOfbLa, YCTAaHOBAIEHHOINO Ha BpawalueMca ocHoBaHuU. OH ycTaHOBUA,
YTO YrfnoBasi CKOPOCTb BpaWEHUs CTOAYEed BOJIHbI MeHblue Yr/lI0BOW
CKOpOCTM BpaleHMss HocuTens konebaHui. Takum o6pasoMm, 6b110
Nosly4eHO COOTHOLUIEHME, TOJSIOKEHHOe B OCHOBY paboTbl AaHHOro
rmpockona.

B koHcTpykumsx BTl vauwe BCero UCMonbL3ylTCA TOHKOCTEHHbLIE
nonycepuyeckme uaM  UUAMHAPUYECKWE pe30HaTopbl, konebaHus
KPOMKW KOTOPBLIX WAEHTUYHbI M3rMO6HBLIM KONebaHUsIM TOHKOro yrnpyroro
Konbua. Ecnu 3acTaBUTb 3TO KOJLLO BPaLLaTbLCS BOKPYr OCU C HEKOTOPOM
YrNOBOM CKOPOCTbIO, TO 3TW pajuanbHble kosnebaHus npuseayt K
nossneHuto KopuonucoBbIX CUA, HanpaBfieHWE KOTOPbIX ANS Pa3HbIX
yacteh konbua 3aBuUCUT OT asbl konebanuii. Konbuo npu 3Tux
konebaHnax AedopMUpyeTcs B INNAUMNC, USMEHEHWNE MOJIOXEHNS KOTOPOIro
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NO3BONSIET CUMTbIBATb Yr/IOBYI0 CKOPOCTb BpauweHus obbekTa, Ha
KOTOPOM ycCTaHoBAeH rupockon. CylecTBYIOT pe30oHaTtopbl B (dopme
KOJIOKONAa, KOHyCa, Topa, MaTeMaTMyeckas MoAesib OnucaHusa KonebaHum
KOTOpPbIX 6onee cnoxHas.

PaccMoTpeHHbIe B Aoknage KOHCTpykuuu BTI, cozgaHHbie dupMaMu
Delco n OAO PIIKB, MMelT CXOXYI CTPYKTypy. HOXka pe3oHaTopa B
oboux cnyyasix uMMeeT ABa COEAWHEHUSs!: C BHYTPEHHWM W BHELWHUM
kopnycoM. Ha BHewHeMm koprnyce uMmeetrcs 16 OTAENbHLIX 3/EKTPOAOB
Bo36yxaeHns M 1 KONbLUEBOW, KOTOpble npejHa3HaveHbl AN
BO36Yy)XaeHUs U nopaepxaHusi konebaHwin pesoHatopa. Ha BHyTpeHHeM
Kopryce pacnonoXxeHol 8 3neKTPOAOB CUCTEMbI CbeMa WHGMOPMaUWW.
NHyto cTpykTypy umMeetr BTl ¢dwupmbl Sagem. B Hem peanu3oBaHbl
3anaTeHTOBaHHbIMA NJOCKUIA SN1EKTPOA, U «KONIOHHas» MOAENb pe30oHaTopa.
B oTAnume OT BbllWe pacCMOTPEHHLIX NPUM6OPOB, B AaHHOM FMPOCKOMe
pe3oHaTop WMEeeT TONbKO OAHO COeAWHEHWE C 3NeKTpoAepXaTenem,
KOTOPbLIii, B CBOKW oOuvepeab, CoeAMHEeH C OCHOBAaHMEM C MOMOoLWb 6
CTEPXHEN, COCTOSAWMX W3 WNWAeK, MNPYXWHOK W DIEKTPUYECKUX
coeauHeHwnii. bnarogaps NpUMeHEeHUIO 3anaTeHToBaHHbIX noaxonos, BT
dupmbl Sagem uMeeT MpPOCTYID KOHCTPYKUMIO, Hebonblimne pasmepsbl
(anameTp pesoHatopa — 20 MM) M NyYLWYIO TOYHOCTD.

PazpabotaHHbie TpéxMepHble Moaenn BTl nossonsoT obecneunTb
HarnsAHOCTbL NpU 06BACHEHUM MNPUHUMNOB MX paboTbl, a Takxe MoryT
MCMNONb30BaTbCA  MNPU  NOCTAHOBKE  nabopaTOpPHOro  NpakTUKyMa.
JanbHenwnM pasBuTMEM TPexXMepHOro MOAENUPOBAHUA  SABASAIOTCHA
pa3paboTkn mogenein konebaHuit pe3oHatopa BTl BHyTpM Kopnyca
rmpockona.

NPOEKTUPOBAHWE TPEXMEPHOW MOAEIN NINHEWHbIX
MOMC-AKCEJIEPOMETPOB SOLIDWORKS
A.B. 3BoHkOB, A.E. Kyues
HayuHbin pykosoautens - CepebpskoB A.E., K.T.H., AOUEHT

MSOMC MM MUKPO3NEKTPOMEXAHUUECKME CUCTEMbI MPEACTABASAIOT
Ccob60li COBOKYMHOCTb TEXHOMOMMM MUKPOOOPaAboOTKM M 3MEKTPOHHbIX
3/IEMEHTOB Ha KPEMHWEBOWM MNOANOXKe. Pa3Mepbl TakMX CUCTEM Nexart B
AnanasoHe oT 1 MUKPOHA A0 HECKOJIbKUX MUIIMMETPOB B 3aBUCMMOCTU OT
MOLLHOCTU, 061aCTU NPUMEHEHUs U CNoXHOCTU. MDOMC BKkAOYaOT B Cebsl
Takne YCTPOWCTBA KaK OMNTUYECKME MepekniyaTenn, MUKposepkana,
H6UOMUKPOCUCTEMBI, AATUMKM AABNEHUS], TMPOCKOMbI U aKCENEPOMETPbI.
AkcenepomeTp — npubop, M3MepAWU PasHOCTb MEeXAY MWCTUHHbLIM
YCKOpPEHUEM nepemeLwjamollerocss  obbekta wu rpaBUTALMOHHBIM
yckopeHueM. MpuHumMn ero paboTel OCHOBaAH Ha BTOPOM 3akKoHe HbloTOHA.
CMeuleHne MacCbl 4YyBCTBUTENIBHOIO 3MEMEHTa, 3aKpennéHHoW Ha
ynpyrux noapecax, noj AEWCTBMEM CUMbl WMHEpUMU TMPUBOAUT K
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M3MEHEeHMI0 EMKOCTM KOHAEHCATOPOB, KOTOpOe HeCET MHdopmauuio 06
YCKOPEHUN.

CywectsyeT knaccudukaums akcenepoMeTpoB: Mo BUAY ABWMXKEHUS
MacCbl UYYBCTBUTENILHOIO 3NeMeHTa (OCeBble, MAATHUKOBLIE), MO
MPUHLMNY U3MepeHus (NpsMoe, KOMMEHCaUNoHHoe).

O6nactm NMpUMEHeHUs akcenepoMeTpoB: MHepuManbHbIe
HaBUrauUWOHHbIE  CUCTEMbl, U3MepuTefnbHble  Npubopbl,  CUCTEMBI
yrnpaBfieHns MNONOXEeHWeM K306paxeHuss Ha MOHWTOpPe, CUCTEMbI
6e30nacHOCTK, pasBreKaTesbHble cdepbl.

BbiBOAbI:

— MUKpOMEexXaHW4ecKume akcenepoMeTpbl 061agaldT Manon Maccow,
rabaputaMm, HM3KON Ce6eCTOMMOCTbIO, BbICOKOM HAAEXHOCTBIO U
60nbLONM (YHKLUMOHANBHOCTLIO, yTOo nenaert nx KpaiiHe
BOCTpeb0BaHHbIMWU, TaK Kak OHW MO3BOASAIOT pelwaTb pacTywui Crncok
npobnem n 3apauv;

— MNOAy4YeHO NpeacTaBfieHNe 0 CTPYKType U paboTe akCenepoMeTpos,
u3yyeHa COOTBETCTBYIOWAS fuTepaTypa W NojayvyeHa noapobHas
MHpOopMaLUUs OT PyKOBOAUTENEN;

- nNpuobpeTeH NpPaKTUYECKUX ONbIT MO MOAENMPOBaHUIO, aHANU3y U
aHMMauMnm B CUCTEMe  aBTOMaTU3UPOBAHHOIO  MPOEKTUPOBAHUA
SolidWorks.

CO34AHUE TPEXMEPHbIX MOAENEA MEMS TMPOCKOINOB B
SOLIDWORKS
M.A. ManeHkoB
HayuHbin pykosBoautens - Knumakos B.B., K.T.H., AOLEHT,
Cepebpskos A.E., K.T.H., AOLEHT

PaccmatpuBaeTcs psaa NpobneMHbIX  BOMPOCOB, CBSA3AHHBLIX C
npuHUMNOM pabotel MEMS rmpockonoB, a Takxke C NPOEKTUPOBAHUEM UX
TpPexMepHbIX Mogenein B cpeae SolidWorks.

Jliob6oit npubop Hecer B cebe uU3MYECKME NPUHLMMNBI U 3aKOHbI
NPUPOAbLI, KOTOPBLIE NO3BOASIOT €MY BbINOSHATE TY UMW UHYIO (DYHKLMIO.
OcHoBononarawwen cunon B MEMS rmmpockonax saBnsietca cuna
Kopuonuca. 3T0 cuvna wWHepuMu, HEO6XOAMMOCTb yueTa KOTOPOK
3aK/II0YaEeTCa B ee BAMSHUW Ha TPaeKTOPUIo ABWKEHWUS MaTepuasbHOro
Tena BO Bpalwalouweincs cucteme koopauHaT. [laHHad cuna sBAfeTcd
«UKTUBHOW» B TOM MjaHe, uTo AN HabnwogaTens, HaxoAALWErocs BO
BpaWALWENCa cMcTeMe, AaHHas Cufla He O4veBUAHa, HO BHOCUT CBOM
BKNnaa.

lNpou3BeaeHo CpaBHEHWE OCHOBHbLIX XapaKTEpPUCTUK rMPockonos. [1ns
CpaBHeHWs Bbl6paHbl BOJIOKOHHO-ONTUYECKUE, BOSIHOBbIE TBEpAOTESIbHbIE
n MEMS rupockonsbl. Pe3ynbTatbl nokasanm, 4yto xote MEMS rupockonsl
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yCTYNaloT OCTajlbHbIM B TOYHOCTU, HO UX Manble rabapuTbl U HU3KAA LeHa
NOMOr/IN UM 3aHSATL CBOE MECTO Ha pblHKE.

MukpoanekTpoMexaHNnJYeckne CUCTeMbl — 3TO CUCTEMbl, COCTOSILUME U3
B3aMMOCBSA3aHHbLIX MEXaHWYeCKMX W  DNIeKTPUYECKMX KOMMOHEHTOB,
pa3Mepbl KOTOPbLIX fieXaT B AMana3oHe OT 1 MUKPOHa A0 HECKOSbKUX
MWUAUMETPOB.

Taxe 66111 nokasaHsbl TPexMepHble MoAenu CaMbIX
pacnpocTtpaHéHHbix MEMS rmmpockonoB (04HOMACCOBbLIA, KaMepPTOHHOIMo
TMNAa, YeTbIPEXMACCOBbIA) W aHUMaumMsl UX ABWXKEHWIA B pexuMe
BO36YyXAeHUS U B MHPOPMALMOHHOM pexunume.

TpexmepHble Mogenn MEMS rupoCKONOB MNOMOrakoT fydwe MNOHATb
npuvHUMN ux paboTtbl. B HacToswee Bpemsa Ha 6a3e AaHHbIX TPeXMepHbIX
Mozenen paspabaTbiBaeTcs KOMMAeKC nabopaTtopHbiX paboT Mo pacuety
napamMerpoe MEMS  rupockonoB, 4Ttobbl  obyvalowmecs  MOrau
«HanpsMyro» noobLwaTbCs C rTMPOCKONaMu.

LUDPOBOE NMPOEKTUPOBAHUE 3NEKTPOHHO-ONMTUYECKON
CUCTEMbI MAJTIOLUYMSILLEA /1IBB
B.P. NMNaxomos
HayuHbin pykoBoautens - Poibauek B.l1., K. T. H., AOLEHT

Namnbl 6erywert BonHbl TMna-O npeactaBAsalOT BaXHbIM knacc CBY
npu6opoB., KOTOpbIE HaxoaaT LWIMpoKoe npuMeHeHne B
LWMPOKOAMANA30HHbIX PAAMOJNIOKALUMOHHBIX CTaHuusax, B T. u. B PJIC ¢
($a3npoBaHHbIMU @HTEHHbLIMK PELLIETKAMK, B annapaType paanopenenHbix
JMHWIA cBaA3M, B OOPTOBOKM annapaType CrnyTHUKOB CBSA3M, B CUCTEMax
paanoMacKUpoBKKU U paguonpoTtmeogencrems [1].

Paspabotkon JIBB 3aHuMMaloTcs Takue BeaywmMe npeanpusitus
paanosanekTpoHHOM oTtpacnn kak HIMO «Uctok» (r. ®psasmHo), «BonHa»,
«KoHTakT», «Anmas» ( r. CapaTtoB), «CeetnaHa» (r. CaHkr-letepbypr),
OAO «[nyToH».

Paspabotka JIBB He o6xoautca 6e3 npuMeHeHuss UMppoBbIX
TEXHONOMMIN Ha 6ase Cneunanu3MpOBaHHBIX KOMIMBLIOTEPHBIX MPOrpaMM.
Uene AaHHOM paboTbl 3akaw4yanacbe B MpPoOBeAEHMU  LMPPOBOro
MogennposaHus 20C manowymswer JIBB.

Ha nepBoM 3Tane 6bl1 NPOBEAEH pacyeT 3SNEeKTPOHHOW NyYLWKK
METOJ0M CMHTE3a Ha 3aJaHHble napaMeTpbl: nepseaHc nyyka - 0,04.10°°
A/B%?, pmameTp nyuka - 0,2 MM M yckopsiowee HanpsbkeHne 17,5 kB.
CuHTe3Hble (POpPMbI 3NEKTPOAOB B COOTBETCTBUM C KOHCTPYKTOPCKUMM
npeanoXxeHusiMM 6bliv 3aMeHeHbl Ha 605ee NPocTble U TEXHONMOMNUHbIE
[2].

Ha BTopoM 3Tane pacueTtbl NPOBOAUNMCL MO MPOrpaMMe aHanusa ¢
ueneld  ONTUMM3AUMW  TEeOMeTPUM  3MEeKTPOAOB U MoTeHuuana
doKyCcupylowero anekTpoaa. 3ajaHHble napaMeTpbl 6blM NOAYYEHbl Npu
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3HAUNTENBbHOM pAacCTOSHUM MeXAy KaTtoAOM W aHoAOM - 6 MM npu
paaunyce katoaa -0,5 MM 1M noteHumane okycupytowero snektpoaa 220
B.

lNMpoBeaeHHbIe McCneaOBaHUs MNOKasanum, 4To B CnaboTouHbix 20C
CO6CTBEHHOE KY/IOHOBCKOE MOoJie NyyKa Urpaet MeHee 3aMeTHYIO posib, a
B/IUSIHWUE BHELLIHEero 3J1IeKTPUUYECKOro Mossi Ha MapaMeTpbl U YCNOBUSA
¢dopMUpOBaHUA INEKTPOHHOrO MOTOKAa CTAHOBUTCS NpeobnagarolmM.
OrpaHuuyeHue nonepevyHoro pasmepa pacyeTHon obnactm ¢ o06pe3koit
3NEeKTPoAOB ANs 3SKOHOMMM  Y3/10B  PAa3HOCTHOW CeTKM ABSETCA
HefoNYCTUMBIM.

JloCcTOBEpHOCTL MOAYYEHHBLIX pe3ynbTaToB 6bla npoBepeHa nyTem
pacyeta nywku no JApyruMm nporpaMMaM JABYMEpHOro aHanusa [3].
PacxoxaeHsa napaMeTpoB 3NEKTPOHHOIO Nyyka He npesbiwann 5 %.

JancHenwmne wnccnepoBaHus 6yayT CBHA3aHbl C  MPOBEAEHMEM
CKBO3HOro pacyeta W COrnacoBaHMEM MArHUTHOW (OKyCUpPYIOLLEN
CUCTEMbI C SNEKTPOHHOM MYLIKONA.

bubsmorpagunyeckuii Crimcok
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N3NYUYATEJ/IbHbIE XAPAKTEPUCTUKW NA3SEPA
HA MOJIEKYJIAPHOM A3O0TE NPU UCMNOJIb30BAHUM
PA3/TUYHbLIX TUNOB FrEHEPATOPOB HAKAYKHU
A.T. CrenaHos
HayuHbin pykoBoautens - Kosnoe B.A., Aa-p ¢u3.-maT. Hayk,
npodeccop

CoBpeMeHHbIl MUp yxe HEBO3MOXHO NnpeacTaBUTL 6e3
MCNONb30BaHUA Nas3epHbiX TexHonoruin. OAHOW u3 Hambonee BaXKHbIX
cdhep npuMeHeHns Na3epoB SABASETCS MUKPOISIEKTPOHUKA, B 0COBEHHOCTH
obpaboTka TOHKMX MNEHOK. B >Tol 06n1actm He3aMeHMMbIM SBSIETCS
nasep Ha MonekynsipHom asoTe. Jlazep pabotaer B YO obnactm, umeer
HAHOCEKYHAHYIO0 ANNTENBHOCTL UMMYJfIbCa U ABASIETCS NPUOPUTETHBLIM MO
HaAEXHOCTU, CTabUABHOCTM M SKOHOMMYECKMM napamMeTpam [1].

B Aoknage paccMaTpuBaeTCcsi  psf  BOMPOCOB, CBSA3AHHBLIX C
NPUMEHEHNSIMWU na3epa Ha MOJIEKYNISAPHOM a30Te, TaKMMWU KaK MOArOHKa,
pa3mepHass o6bpaboTtka M nasepHas nauTorpadusa. pomssoamTtcs
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CpaBHEHWEe ero reHepauMOHHbIX XapaKTepUCTUK MpU  UCMOJIb30BaHUMU
WUMMNYNbCHLIX TPaHCHOPMATOPOB HA 3aMKHYTBIX W HA Pa3OMKHYTbIX
MarHMTonpoBoAax. /loknaa yCnoBHO pa3feneH Ha 2 yacTu.

B nepBoli 4yacTM aHanuM3MpyloTCs nas3epbl Ha CaMOOrpaHUYEHHbIX
nepexoAax B LENIOM, U Nla3ep Ha MOJIEKY/IIPHOM a30Te B YaCTHOCTU.
PaccmaTpuBaeTcsl cxema 3HepreTMuyecknx YpPOBHEN nasepa, cnocobbl ero
HAKauYkM M XapakTepHble OCUM/IOrPaMMbl UMMYJ/IbCOB HAMPSHKEHUS HA
pa3psiaHOM NPOMEXyTKe, TOKa U MMNynbca reHepauunn B YO-obnactm [2].

Bo BTOpOlM uYacTm paccMaTpuBalOTCA MMMYNbCHBIE TeHEepaTopbl
HaKauky, NOAXoAsMe AN BO3OYXAEHUS fasepa Ha MONEKYNsSPHOM
asote. AHanM3WpyloTCs  pa3HOO6pasHble  TWMbl  FEHEPATOpPOB U
Lenecoobpa3HOCTb UX MUCMNOMbL30BaHUA B PasfiMUHbIX CuTyaumsax. Ocoboe
BHMMaHWE YJENeHO reHepatopaM Ha WMNYNbCHBIX TpaHcdopMaTopax,
KOTOpble Haubonee WHTEpPECHbl ANsl UCCneAoBaHusi. PaccmatpuBaroTcs
OCHOBHbl€  BUAbl UMMYNbCHBIX  TPaHCHOPMATOPOB, B  UYACTHOCTH,
TpaHcdopMaTopbl € 3aMKHYTBIM M C Pa30OMKHYTbIM MarHUTONPOBOAAMM.
YuuTbiBAETCA BAWUSIHUE pPacCrofIOKEHUsT U  KONMYECTBa BUTKOB, TuUMa
n3onsiumm " cepaeyvHuKa Ha aHepreTuuyeckune napaMeTpbl
TpaHcdopmaTopa [3].

B 3aknouyeHuM paccmaTpuBaeTcss cxeMa pabouei  yCTaHOBKM,
BkAYawwWwern B cebd aKTMBHbIA 3MEMEHT, CUCTEeMY HakKauyku U
MarncTpasnb, K KOTOPOM NoagBoaMTCa pabounii ras.

bubsmorpagunyeckuii Crimcok
1. Bewko B.[l. Jla3epHble MMUKPO- W  HAHOTEXHONOMMM B
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npuMmeHeHune. - M.: TexHocgepa, 2008. - 440 c.
3. Mecsau I A. UMnNynbCHasa 3HepreTMka U snekTpoHuka. - M.: Hayka,
2004. 704 c.

B/INSSHUE NAPOB WOAA HA DHEPFETUMECKUE NAPAMETPbI
TEA CO, JIASEPA
H.B. CyxopykoBa
HayuHbin pykoBoautens - Kosnoe B.A., Aa-p ¢u3.-maT. Hayk,
npodeccop

ManorabaputHele TEA-CO, nasepbl B HacTosilee BpeMsl NPUMEHSIOTCS
B OMNTMYECKOW NOKaLUUM, MOHUTOPUHIE OKpYXawuwen cpeabl U Ans
TecTupoBaHusa OGbicTpogencTeyowmx UK-poTonpMeMHUMKOB M CUCTEM Ha
X OCHOBe.

Hakauka TEA CO, nasepoB ocylwecTtBasieTcs B naasMe 06bLeMHOro
CaMOCTOATENbHOrO paspsiga. Ero Bo36yxaeHMe npoucxoauT B [Be
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CTaAMW: Ha NepBON CTaguu - nMpeaBapuTeNbHOW WOoHM3auuM - B
rasopaspsHoM MNpOMexyTke C noMowplo  BY®-usnyuyeHmsa ot
BCNOMOraTe/ibHOro paspsja CO34aeTcsi AOCTAaTOYHO BbICOKAs HayasbHas
KOHLIEHTPaUMs 31EeKTPOH-UOHHbIX nap (No=10° 1/cm®); Ha BTOpOI -
npo6oli razopa3paaHOro NPoOMeXyTka U BBOA B Ma3My SHEPruU HaKauKu.

HauanbHble 21EeKTPOH-WOHHBLIE napbl B pPa3paaHOM MPOMEXyTKe
CO34alTCA B pe3ynbTaTe peakuuMi @GOTOMOHM3AUUM  MOSEKYNSAPHBIX
coeAuHeHni C noTeHumanoMm uoHusaumm E; =10 3B. K umcny Takux
coeauHeHni oTHocaTcs okemabl a3ota (NO, NO,) u napbl yrneBsoaopoaos,
BCeraa NpuUCyTCTByOLWMe B paboumx rasax Kak npuMecH.

YCTaHOBAEHO, UTO YBEJ/IMYEHWE YPOBHHA HAYanbHOW WMOHM3aUUK
OKa3blBaeT 3aMeTHOE BAIUAHWNE Ha BE/IMUMHY SHEPIrUM HAKAUKU U SHEPruun
u3nydenuns B umnynsce [1,2].

HacTtosiwas paboTta HanpaBfieHHa Ha W3yyeHue BAUSHUS A06aBOK B
pabouyto cmecb TEA CO, - nasepa napoeB Wopa, ob6nagarwmx
noTeHuuanoMm noHusaumm E=10 3B, ¢ uenblo onpeaeneHus BAUSHUS Ha
BE/IMYUHY SHEPINN HAaKaYKU U SHEPrumn U3nyvyeHns B MMNyJsbce.

JKCNepuMeHTanbHas YCTaHOBKa BKJIOUAET B Ce6s aKTUBHLIN dneMeHT
nasepa, reHepatop Hakauyku M BaKyyMHyl cuctemy. O6beMHblii paspsag
BO36yXxaanca B npoMmexyTke ¢ pasMmepamum 18*0,8*0,8 cm. [eHepaTtop
Hakauku obecneunBan ¢HOPMUPOBAHNE BbICOKOBOILTHLIX WMMMYbLCOB C
amnanTygon Ao 25 kB n anutensHocTelo A0 200 HC. AKTUBHBLINA 3N1€MEeHT
oTkaumMBasncs C NOMOLWbLIO GOPBAKYYMHOIO U 31€KTPOPa3paAHOro HacoCcoB
0O ocTatouyHoro aaenenuss 10 Topp. Mapbl 1ioga Hanyckanucb B
aKTUBHbIN 3NEeMEHT n3 OTAENbHOM Kamepsbl, coaepxaulen
Kpuctannuyeckuii mnoa. JlaBneHue napoB Moga B aKTUBHOM 3J/IeMeHTe
KOHTPOAMPOBaNOCb C  MNOMOWBI  ra3opaspsiaHo-AedOopMauMoOHHOro
BakyymMMeTpa BAlN-1. O6wee pasneHve pabounmx raszoB B aKTMBHOM
3/IEMEHTE KOHTPOJ/IMPOBAsoCh C NOMOLLBLIO CTPENOYHOI0 BaKyyMMeTpa.

bubsmorpagunyeckuii Crimcok

1. lazoBble nasepsol. Moa pepakumein U. Y. Mak-[aHueno m
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MOHHO-N/TA3SMEHHbIA CUHTE3 HUTPUOOB XENE3A U
HUKENA B TEPKOHAX
M.A. TutoB
HayuHbin pykoBoauTens - KopotueHko B.A., A-p TexH. Hayk,
npodeccop

PaccmatpuBaetcs psa npobnem, HabnwoAaeMbiX MPU U3roOTOBIEHUU
repMeTUYHbIX  MarHUTOYmnpaBAsiEMbIX KOHTakKTOB  (repKOHOB) "
npeanaraercst HOBbI cnocob Mx Npou3BoACTBA.

FepKOH - 3neKTpoMexaHu4yeckoe yCTPOMCTBO, NpeacTaBnsiiowee cobom
napy @eppoMarHuUTHbIX KOHTAKTOB, 3anasiHHblX B  CTEKJISIHHYIO
repMeTuyHyto konby [1].

Hanbonee BaxHoe TpeboBaHWe, npepbsBAsieMOe K repkoHaMm - 3TO0
CTabUNbHOCTb MapaMeTpoB MNMPU MHOMOKPATHOW KOMMyTauuu. MN3meHeHne
3TUX MNapaMeTpoB HabnopaeTcs nNpu HapaboTke pecypca M3-3a TakuUx
NMPOLECCOB KakK KOPPO31A (XMMUUYECKUA U3HOC), INIEKTPUUEcKasl apo3us m
MEeXaHUUeCKMA W3HOC. NSl yMEeHbLUeHUS BIIMSAHUS 3TUX MapasuTHbIX
SAIBNIEHWMA Ha napameTpbl Npubopa n yBenuueHus cpoka Cny>bbl repkoHa
Ha  MpeanpuATUSX  UCMONMb3YIOT  HAaHECEHWe Ha  MOBEPXHOCTb
MarHUTOMSITKUX TMPYXWH KOPPO3UOHHOCTOMKUX U  3PO3MOHHOCTOMKMX
MOKPbITUI M3 6naropogHbIX MeTannoB (30710TO, pPOAUNA, nNannagumn).
TpaAMUMOHHO 3Tn Martepuanbl HaHOCAT C npuUMeHeHueM
ranbBaHOTEXHOMOINMM, WMEHHO Takas METoAMKA SIBASIETCH [J1aBHON
npo6aemMoii Npyu NPOU3BOACTBE MAarHUTOYMpPAaB/sSIEMbIX KOHTAKTOB.

FaneBaHOTEXHONOIMSI UMEET psij, HEAOCTAaTKOB, @ MMEHHO: BbICOKasl
ce6eCcToMMoCTb NpoOn3BOACTBA repkoHa, BBEeAy,  OOpPOroBU3HBI
obopyaoBaHMst U 60nblUOK MaTepUanoOeMKOCTU; HU3KMA DKONOMMYECKMUA
YpOBEHb; TPYAHOCTb HAaHeceHWsi CcnnaeBa Tpebyemoro cocraBa U
CTPYKTYpbl. MUKPOYaACTULbI, HAXOASLNECH B INEKTPOMTAX 30J/I04EHUS U
PYTEHUPOBAHUS ABASAKOTCS NPUUUHON MOPUCTOCTU KOHTAKTHBIX MOKPbLITUNA.
3TM nopbl He TOJMIbKO YBENIMUMBAKD KOHTAKTHOE  3JIEKTPUUECKOe
COMPOTUBJ/IEHUE, HO WU SBASIOTCA MNPUUYUHON KOppo3uu. [Mo3ToMy 6bina
pa3zpaboTaHa HoBass MeTogMkKa O06paboTkM MNOBEpPXHOCTM - MOHHO-
nnasMeHHas moandukaunsi NOBEPXHOCTH.

MOHHO-NNa3MeHHoe HanblfieHUe, MNO3BONISET HAHOCUTb KOHTAKTHbIE
NMOKPbITUS HEMNOCPEACTBEHHO B CaMOM [epKOHE, KOTOpbIi SIBNSeTCs
AVNOAHOI CUCTEMOM (MPYXUHbI — 3TO AHOA U KaTo4, NOAJSIOXKKA U MULLEHD;
6annoH repkoHa - 3T0 paboyas kaMepa, 3arojIHEHHast a30TOM).
Monyuaemble, B  pe3ynbTaTeé  MOHHO-MJA3MEHHOW  MoAudUKauuK
NMOBEPXHOCTU, HUTPUAbI Xenes3a W HuUkens 0651afalT  BbICOKMMU
nokasaTensiMu  3MEKTPONPOBOAHOCTU, KOPPO3MOHHOW U  3PO3UOHHOMN
cTorkocTtu, [2].
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MCCNEAOBAHME CNOCOBOB YBE/TUMEHUA CKOPOCTHU
"SNIEKTPUYECKOIO BETPA"
A.Jl. ACTaHKOBMY
HayuHbI pykosoauTens - Bepewarmn H.M., k. T. H., AOUEHT

Leneto paHHOW paboTel SBASANOCH MCCNEAOBAaHWE NUTepPaTyphl,
MOCBSILWEHHOW MOUCKY CrOCO60B yBE/MYEHUS CKOPOCTU "3NEeKTPUUECKOro
BeTpa". "JnekTpuyeckuii BeTep" B Hayke U3BECTEH yXe AaBHO U LUMPOKO
MCNONb3YeTCA B 3MEKTPOTEXHOAOrUAX. "DNeKTpuyeckmin setep" — 23T0
fIBIeHNe HanpaB/IeHHOro JABMXEHUsI rasa, CO34AaBAaeMOro KOPOHHbLIM
pa3psaoM.

BenuunHa CKOpPOCTU rasa 3aBMCUT OT MHOMMX NMapaMeTpoB, TAKUX Kak:
TOK pa3psga (4eM Bbile TOK, TeM 60Mblue CKOPOCTb MOTOKA), KONMYECTBO
KOPOHUPYIOLLIMX 3NEeKTPOAOB B cuMCTeMe (4YeM 60nblue 3MEKTPOAOB TeM
Bbllle CKOPOCTb MNOTOKA), BWA KOPOHbl (Y OTPMUATENIbHOW KOPOHLI
CKOpOCTU Bblle), U TeOMETPUS HEKOPOHUPYIOLWero anektpoga [1].

Tarke CKOPOCTb MOTOKA rasa MOXHO YBENUUUTb, eCnu A06aBuUTb
AONONTHUTENbHBI  HEKOPOHUPYIOLWMIA 3NEKTPOJ, CNnejoM 33 OCHOBHbIM
HEKOPOHUPYIOLMM, C MOTEHUMANOM MO 3HaKy MPOTUBOMOIOXKHOMY
KOPOHUPYIOLLEMY 3NEKTPOAY, a MO BeJNUMHE NO MOAYNI0 60Mblle, ueMm y
OCHOBHOIO HEKOPOHMUPYIOLLEro 3NeKTpoAa. TeM caMmblM MOTOK MOHOB rasa
3aTArMBaeTCsl NOJeM BTOPOr0  HEKOPOHUPYIOWEero 3nekTpoaa, B

pe3ynbTaTte yero yBennymMBaeTcs CKOpPoCTb Notoka [2].
1
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MHOrocTyneHyaTast KOHCTPYKUMS TUMa ocTpue —
napannenbHble MNA0CKOCTU

B HacTosiliee BpeMsi aKTUBHO BeAyTCH WCCNEAOBAHUS MOJyYEeHUs
HanpaB/IeHHOr0 NOTOoKa C 6onee BbICOKOM CKOPOCTLIO, WCMNONb3ys
MHOMOCTYMEHYATYI0 KOHCTPYKUMIO Tuna OCTpUe - napannesnbHble
NA0CKOCTU (CM. PUCYHOK). TpM MCNoOAb30BaHMU AAHHOM KOHCTPYKLMUMU
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CKOPOCTb NOTOKA 6yAeT NponopUNOHanbHa KBAAPATHOMY KOPHIO U3 uncna
KOPOHUPYIOWMX DSNEKTPOAOB  BAONb MOTOKa. B AaHHON yCTaHOBKe
CKOPOCTb NOTOKA TaKXXe 3aBUCUT OT PacCTOSHUSA MeXAY KOPOHUPYHOWMMU
OCTPUSIMM BAOJIb NMOTOKA U PACCTOSIHUSA MEXAY OCTPUMEM WU NMapannenbHoOn
NNOCKOCTbIO, MPUM WX NpPaBUILHOM MNoA60Ope CKOPOCTb MOTOKa 6yaer
MaKCUMasibHOM U 3aBUCETb TONILKO OT Yncna OCTpwUiA BAOb NOTOKa [3].
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SKOHOMMUA SNEKTPOSHEPIrM NPN NPOEKTUPOBAHUU N
SKCNNYATALNUN DNEKTPOYCTAHOBOK 3ABOJA, OPTAHU3ALINNY,
YYPEXOEHUA

M.C. byukux
HayuHbin pykoBoauTens — Asarunes A.A., K. T. H., AOUEHT

PaccMoTpeH psia Npo6neMHbIX BOMPOCOB, MPUCYLWWIA 60MbLUIMHCTBY
COBpPEMEHHbIX MpeanpuaTuii, a UWMEHHO 3HeprocbepexxeHne npwu
NPOEKTUPOBaHWUM U 3KCMJyaTalMu 3N1eKTPOYCTaHOBOK.

Bonbwoe KONMYECTBO nporpamMmm no 3HeprocéepexeHuto
npeaycmaTpuBaeT MHOrOYUCIIEHHbIE MeponpuaTus, KOTOpble
CrOCO6CTBYIOT CYLLECTBEHHO CIKOHOMUTL 3JIEKTPOSHEPIUIO, KaK OTAENBHO
KaXxAOMy noTpebuTento B ero AoMe, Tak U KPYMHOMY nNpeanpusituio,
MMEeLeMy MOLHOe MPOU3BOACTBO Ansa obecneveHns 3PPeKTUBHOM
paboTel 060pyAoBaHUS.

MNoBbiweHnss 3pEdeKTMBHOCTU 3HeprocbepexeHns Ha Npou3BOACTBE
MOXHO A06uTbCs, pabotas wu BHeapss HoBeiwee o060pyaoBaHME U
TEXHONOMMK B CrnefyoweMm: OCBelLleHune, 3NIeKTPOABUraTENMU,
TpaHcgopMaTopbl 7] TpaHchOopMaTOpHbIE YCTaHOBKM. CambIM
3¢ PeKTMBHBIM METOAO0M NpU  MPOEKTUPOBKE OCBELLEHUS  SIBNSIETCS
rpamMoTHoe (cornacHo [T2) o6ycTpOMCTBO W OTAeNnka MNOMeLleHnsa C
NPUMEHEHUEM MOAXOASLLErO LIBETA U OTTEHKA ANS CTEH, MOJIOB, NOTONKOB
W WHTEpbepa, a TaKXKe perynspHasl OYMCTKa CBETUIBHUKOB WU CTEKON
OKOHHbIX NnpoeMoB. 2710 no3BonseT CHU3UTL notpebneHue
3NeKTposHeprumn Ha 7-10%.
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Jpyrum He MeHee akTyalbHbIM MOMEHTOM, PaCCMOTPEHHbIM B AAHHOM
paboTte, sBnseTcs 3Heproc6epexxeHune npu 3KCnayatauuum ABuUratenei.
[ns  noCTMXEHUsl MakCUMasbHOW 3KOHOMWUU MPUMEHSIETCH MHOXECTBO
MeToA0B, BKAOYasi: BbIGOp nyckoperynupylowen annapatypbl (YI),
WCMONb30BaHNE pexuMa nepeBo36yxaeHus (MpPUMEHEeHWe YCTAHOBOK C
«KOCUMHYCHbIMM  KOHAEHCAaTopaMu»), a TakKke nNpaBuibHbIA BbI6OP
MOLUHOCTW 31eKTPOABUIaTENs Npy NpoekTUpoBaHun. COBOKYMHOCTb 3TUX
MEeTOA0B MOMOraeT AOCTUYb YMEHbLUEHUsI MOTepb 3NEKTPO3Heprum (Ao
40-50%) 3a cueT CHMXXEHUsI MyCKOBbIX TOKOB M TOKOB XONOCTOrO X04a,
a, cneaoBaTesibHO, YNYULLAETCS U SHeprocbepexeHume.

[pyroii HeManoBaXHOW YCTaHOBKOM, B KOTOPOI NMpoONCXoasaT 6onblume
noTepu 3NeKTpo3Hepruun, sensietcs TpaHcdopmartop. KoHeuHo, notepu B
TpaHchopmaTope Hens3bexHbl, HO 0653aTenbHO AO/MKHbI 6bITb AOBEAEHbI
A0 BO3MOXHOr0 MUHMMYMA. 115 3TOro HEO6X0AMMO UCKIOUATbL XONOCTOM
X04 TpaHchopMaTopa Npy ManbixX Harpy3kax. Pabota TpaHcgopMaTopos B
pexume XonocToro xoaa (6M3KOM K HEMY) Bbi3blBAET U3NULIHME NOTEPU
HE TOMBKO B CaMOM TpaHchopMaTope, HO M BO BCEW NUTAIOWENn ceTu no
NPUUYMHE HU3KOro Ko3adduumeHta mowHocTn. [lo3ToOMy BCe pAetanu
JAHHOro MeToAa noApobHO pacCMOTPEHbl B JAHHOM AOKNAAe.

B Hawe BpeMs Ha  6GONbWWHCTBE MPOU3BOACTB  CUCTEMBbI
3NEKTPOCHAGXKEHMA 3KCNAYyaTUPYIOTCA He JAO/MKHbIM obpa3om (He B
HOMWHANBHBLIX peXuMax), pacrnpesenuTesibHble CeTM W YCTAHOBKMU
OKa3blBAKOTCS HeAOrPY>XEHHBIMU nnu Nneperpy>eHHbIMU,
3N1eKTPoO6OpYyAOBAHNE HAXOAUTCS B PU3MUYECKU U MOPANbHO YCTapeBLUEM
coctosaHMn. Ho 6narogaps gaHHol paboTte m pacCMOTPEHHbIM CNoco6am m
MEeTOZAaM MOXHO XOPOLIO COKpPaTUTe eXeroAHble 3aTpaTbl NPeAnpuUsaTUS Ha
noTepu 3NEKTPO3Heprun. A C  Yy4Ye€TOM MNpPUMEHEeHUsl HOBeMlero
3Heprocbeperaowero 31eKTpoobopyAOBaHMSA U TEXHONOMMA  MOXHO
MakCUManeHO ONTUMU3NPOBATL pPeXuMbl akcnnyaTaumm
3N1eKTPoobopyAOBaHMA. IDTO MPUBEAET MpeanpusiTue K ero OCHOBHOW
Lenn — CHUXEHUIO NOTepb U 3aTpaT Ha UX BO3MELLEHUE.

PA3PABOTKA 3JIEKTPOHHOIO YCTPOWUCTBA A1 CBOPA
OAHHbIX OT NMPELM3NOHHbBIX AATYUKOB NEPBUYHOM
UMHOOPMALIMN
H. A. Matopos

HayuHbin pykosoautens — Knumakos B. B., K. T. H., AOLEHT

B HacTtosiwee BpeMsl Takue JaTuMKM, KaK  TUPOCKOMbI WU
akcenepoMeTpsl, LIMPOKO NCMONb3YHOTCA B WHEepPUUANbHbIX
HaBuraunoHHolx cuctemax (MHC). BcneactBMe WX NOBCEMECTHOrO
NMPUMEHEeHNs1 BO3HUKAeT Heob6XoAMMOCTb B pa3paboTke yCTpOCTBa Ans
cbopa nepBUYHbIX JaHHbIX (OTCYETOB MHeEpUManbHbIX AATUMKOB) W
ocywecrteneHmss @GuabTpaunmM BHeWwHero BMO6pPaAUMOHHOIO ¢GOHaA U
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bAyKTYyauuini, BHECEHHbIX CEepPBUCHOW 3MEKTPOHWKOW, OT LWYyMOB,
NCXOAALWNX HEMOCPEeACTBEHHO OT CaMOro AaTuunka.

B nccnepoBaHuMy ucnonb3oBanacb Tpuaga fa3epHbIX rmpockonos [1]
(JIN HenocpeactBeHHO B cocTtaBe 6ecnnatdopmeHHon WMHC. Jatumku
perncTpupoBanu BepTUKasIbHYIO COCTaBASIIOWYIO YrO0BOM CKOPOCTU
BpalleHMs 3eMnn, BENMUYMHA KOTOPOM BblYNTaNacb U3 BbIXOAHbIX AAHHbIX.
CepBuCHast 3NeKTPOHMKA OCYLLeCTBAsA MPEUU3NOHHYI0 06paboTky
CHATbIX KBaApaTYPHbIX CUrHanoB [2], KOTOpble 3aTeM C 4acToTOM
anckpeTtunsauum 1,2 Ky 3anucbiBanncb Ha BHELWHWA HOCUTeNb. YaaneHue
MOACTAaBKU OCYLLECTBAANOCL B pexxnme off-line ¢ NOMOLWbIO Y3KOMOAOCHOM
dypbe-PpunbTpaumMn B OKpecTHOCTM u4acTtotbl 409 Tu. lMocnepyrwowas
dunbTpauma ocylecTensnace C NOMOLWbLIO BenBneT-npeobpasoBaHns B
pa3HbIX Noaocax 4yacrorT.

Ina onpeaeneHns nepeoro nopora @uabTpauMm 6bl1 UCNONL30BaH
BbISIBNEHHbIN  (aKT HOPManbHOro pacnpegeneHums kKoappuumeHToB
BENBNET-PA3/IOXXEHUS BbIXOAHOMO CUrHana ruMpocKona C COH6CTBEHHbLIM
WyMOM. ITOT BbiBOA 6bln cAenaH UCXoAs U3 OnbiTa, NPOBEAEHHOr0 Haj
na3epHbiM  FMPOCKOMOM, PACMOJSIOXEHHbIM Ha BUGPOU30NSALMOHHOM
¢yHaameHTe. B kauectBe BTOpOro nopora dunbTpauum 6bina
WCMOMb30BaHa rpaHvua 30, rae ¢ - cpegHeKkBaApPaTUUHOE OTKJ/IOHEHME,
Tak Kak npu BbiIXxoAe 3a 3Ty rpaHuuy pacnpeaeneHne U3MeHAeTCH
KauecTBeHHO. JKecTkad PuabTpauMsa KOMMOHEHT, BbIXOAAWMX 3a
BblLLEYNOMAHYTbIE paMKKW, MO3BOASET MNOAYUYUTb CUrHaN, KO3IPPULUMEHTDI
BENBNET-PAa3/I0XEHUS KOTOPOro COOTBETCTBYIOT rayCCOBOMY 3aKOHY.

Pe3ynbTaTbl  BbIMNOSIHEHHLIX UCCAeAOBaHWI  AAIOT  BO3MOXHOCTb
OTAENUTL COCTABASIOWME MNOrpewHoCcTU, CBA3aHHble KaK C LYMOBbLIMU
npoueccamMn, MpUCYWMMU AaHHOMY Mpubopy, Tak UM C BHELWHUM
BMOPAUMOHHBIM  (POHOM UM (PAyKTyaumsamm o06paboTkn C MOMOLBIO
CepBUCHOI 3NEKTPOHUKM OT  CO6CTBEHHOro wymMa AATumnKa.
HeManoBaxHbIM (hakTOM sIBASIeTCS TO, YTO AaHHAs METOoAMKa Mo3BOnseT
OCYLWeCTBNATL MPOBEPKY W KOPpPeKuumio  AaTumkoB, paboTalowmx
HenocpeacTBeHHO B coctaBe UMHC.

bubsmorpagunyeckuii Crimcok

1. KysHeuoB, A.T. MpeumsmnoHHbIii  nasepHbIi  rMpockon  Ans
aBTOHOMHOW MHepumanbHOW Hasuraumm / A.l'. Ky3Heuos, A.B. MonuaHoB,
M.B. YmpkuH, E.A. U3mainos // KeaHToBas anekTpoHuka. - 2016. - T.
45, N°1. - C.78-88.

2. Anekcees, C.10. MeToanka M3MepeHMs NoOpora CUHXPOHMU3aUMN Npu
W3roTOBMIEHMM W 3KCrlyaTauun NPELU3NOHHbIX KOJbLEBLIX Na3epoB /
C.I0. Anekcee, M.B. YwupkuH, B.1O. MuwwuH, A.B. MonuaHoB, [.A.
Mopozos, M.B. bopucos, M.A. 3axapoB // TMpockonusl U HaBurauus. -
2012. - N22. - C.75-83.
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YEPHbIE ObIPbl
B.U. Amocos, A.P. laBnos
HayuHbI pykoBoauTenb — bypobuH M.A., K. T. H., AOUEHT

MNepBoe ynoMMHAHWE TEPMUHA «4YepHas Ablpa» 6bl10 3a(PMKCMPOBAHO
B 1967 roay. AMepuKaHCkuii ¢Ppusuk J[xoH Yunep Tak o603Hauvan
HebeCHble Tena, MpUTSHKEHWe KOTOpbIX HeobblyaHO Benuko [1].
AHMANMACKWIA yyeHblt [HkoH Muyenn n ¢paHuy3ckmin pusuk Meep-CuMoH
pe Jlannac He3aBUCMMO Apyr OT JApyra BbIABUHYAIM TUMNOTE3y O
CYLLECTBOBAHUM «HEBUAUMBIX 3Be3a». OCHOBAMWM J[AHHOW rvMnoTesbl
ABASIIOTCA 3aKOHbl AMHAMWKW WU 3aKOH BCEMUPHOr0O TAroTeHWs HblOTOHA.
Ha cerogHAWHWA AeHb 3TW SABJIEHWSA OMUCLIBAKOTCA C MOMOLWbIO O6Len
TEOPUM OTHOCUTENIbHOCTU DUHLITERHA.

Bcero pecats netr Hasaz HabnoaeHus NO3BOAWAM 3aAyMaTbCd O
CYyWecTBOBaHNMN ABYX OCHOBHbIX BWAOB YepHbIX Ablp: 3BE3AHbLIX U
CBEPXMACCUBHBIX. Pasnuuue 3Tnx ob6bekTax Kpoetcsa B ux Macce. OgHako
COBCEM HepaBHO OblNl OTKPLIT TPeTUA TUM YepHOW Ablpbl — C MacCok
cpegHel BenMUnHbl.

3Be34Hble uyepHble Ablpbl CTann M3BECTHbl paHble apyrux. WUx
dopmMuMpoBaHMe HauyMHaeTCsl C MOMEHTa OKOH4YaHWS 3anaca SAepHOro
TonAuMBa y 3Be3Abl 60/bWON MacChl U ee NocneAyowWero Koaaanca ns-3a
cob6CcTBEHHOM rpaBuTaunm. Bcneacteue 3TOro nponcxoanuT
KaTacTpo(pUUecKnin B3pblB, KOTOPbIA CTAHOBUTCS Pe3ynbTaToOM MOsIBNEHMUS
HOBOW YepHOI Ablpbl.

CoBceM MHOE NMPOUCXOXKAEHME UMEIOT CBEPXMACCUBHBIE YEPHbLIE AbIPbI,
KoTOpble O6bliM BNepeble OTMeYeHbl B S4pax HEKOTOPbIX aKTUBHbLIX
ranaktmk. CylecTByeT HECKOJSIbKO TIMMNoTe3 WX POXAEHUS: CAUAHUE
BOEANHO HECKOJIbKMX YepHbIX AbIP; A0Aras 3BOOUMS 3BE34HOW YepHOW
Oblpbl; OrPOMHOE ra3oBoe 061aK0, KOANAMNCUPYIOWEE B YEPHYIO AbIPY.
CBepxMacCUBHbIE YepHble Ablipbl HAX0AATCS B LEHTpPaxX MHOMMX ranakTuk,
B TOM YMCNE U B LEHTPE Hallei.

HaBepHOe, rnaBHOM TaWHOW MOCNeAHEero BpPeMEeHW OCTAloTCH YepHble
Oblpbl  CpefHeil Mmaccbl. MHorme yueHble pasfendioT CKenTudeckue
B3rnsAbl Ha HWX, HO CO BPEMEHEeM HaxoaaTcs Bce 605ee BecoMble
A0Ka3aTeNbCTBa UX CYLECTBOBAHUSA. AHITTMIACKNIA yueHbllh CTBeH XOKUHI
BblABMHYJS1 TEOPUIO O CYLLECTBOBAHUM UYETBEPTOro BWAA YEPHOW Ablpbl —
«MWHU-AbIPbI», MAacca KOTOPOW COCTaBASIET OKONO MUANWapAA TOHHbI [2].
CunTtaercq, 4YTO MWHU-AbIPbI NOSIBUAWCL B CAaMOM Hauvasne 3apoXAeHUd
BceneHHoil. BnpoueM, ewe He 6bl1I0 0O6HAPY)XEHO HW OAHOMO
A0Ka3aTeNbLCTBa UX CYLEeCTBOBaHUS.

M3 Bcero BbilWecka3aHHONo MOXHO CAenaTb BbiBOA, UYTO YepHas Ablpa
- 2T0 06bekT BCeneHHON, KOTOpbI ele He M3yyeH B MOJIHOW Mepe.
YepHble Ablpbl, e€CTECTBEHHO, SBAAIOTCA  CaMblMW  3araf0yHbIMU
obbekTaMn B KOCMOCE, a WX HeobbIKHOBEHHbIE CBOWCTBA MOryT
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nepeBepHyTb 3aKOHbl PU3MKK BCel BceneHHo n 6poCuTb BbLI3OB Aaxe
CaMOM NpuMpoAe CyLecTBYIOLWEN AeACTBUTENBHOCTH.

bubsmorpagunyeckuii Crimcok
1. MusHep Y., TopH K., Yunep Ox. Npaeutaumsa. M.: Mup, 1977. T. 3.
512 c.
2. Hawking S. W. Black hole explosions // Nature 248 (5443), 1977,
p.30-31.

HEWTPOHHbBIE 3BE3bl U NYJ/IbCAPbI
[.A. 3y6kos, B.N. Xnomko
HayuHbI pykoBoauTenb — bypobuH M.A., K. T. H., AOUEHT

HeiATpoHHbIEe 3Be3abl - OAHW W3 CaMblX WMHTEPECHbIX 06bLEKTOB BO
BceneHHoOil, npeactaBnsowme cobon KOCMMUECKoe Teno - OAMH U3
BO3MOXHbIX pe3y/bTaToB 3BOAKOUMK 3BE3A. COCTOSAT OHM U3 HEWTPOHHOW
CepAuUeBUHbl, MOKPLITOW TOHKOW (~1 KM) KOpOW BewecTBa B BUAE
TAXENLIX aTOMHLIX S4ep WM 31eKTPoHOB. Macca 3TOW 3Be34bl NPUMEPHO
paBHa macce ConHua, a paamyc ~10-20 km [1].

HeilTpoHHble 3Be3abl CcHavyana OblAnM  MpeacKa3aHbl  COBETCKUM
¢dusmkom J1. Jlangay B 1932 roay ewé A0 OTKPbITUS HelTpoHa. B 1934
rogy Hemeukume ¢usunkm B. baage n O. LBUKKM Npeanonoxunu, 4Tto
HEWTPOHHbIE 3Be3Abl — pe3ynbTaT COKaTus CBepxHOBbIX. O6HapyxeHa
HEWTPOHHas 3Be3ga 6bima B 1967 rogy /M. benn, acnupaHTKOM
6putaHckoro ¢wusmka O. Xblouwa, MO0 UCNyCKaeMbiM  3Be340K
paguouMnynbcam.

Bo3HWKalOT HEeNTpOHHbIE 3Be3Abl B pe3ynbTaTe rpaBUTALMOHHOIO
Konnanca 3ees3n Maccom 6onee 1,4 maccol ConHua. lNocne mncuepnanHus
CBEPXHOBOI0 UCTOUYHWKA TEPMOSIAEPHON dHEpPrum, oHa KaTtacTpoduueckn
OKMMAeTCsl K LUeHTpy ¢ ofbpa3oBaHMeM XONIOAHOW WM  ropsivei
HEWTPOHHOWN 3Be3Abl C AANbHENWNM HaTeKaHWeM OocCTaBleicss 060/104UKn
Ha NOJYUUBLUYIOCH 3Be34y uUavM cOpocoM ee, BbIMsSAsWmMM, Kak OrPpOMHbIN
B3pbiB. Macca HEMTPOHHOI 3Be3Abl HEe A0/MKHA npeBbiwaTtb 3-5 Macchbl
ConHua, MHaye 3To — YepHas Ablpa.

B HeATPOHHOW 3Be34e BbIAENAIOT NATb CnoeB: aTMocdepa, BHELWHsS
KOpa, BHYTPEHHSAS KOpa, BHEWHee 4H4p0 W BHYTPEHHee §4po.
MOBEpPXHOCTHLIA CNON HEWTPOHHOW 3Be3Abl — TOHKWIA CNOW nNna3Mbl C
NNoTHOCTbIO Bewectsa 10° r/cm3. BHewHsis Kopa COCTOMT M3 MOHOB W
3N1EKTPOHOB, N UMeeT TOJILNHY A0 HECKONbLKMX COTEH MeTpoB. [1NOTHOCTL
0K0M0 AHa ~4-10! r/cM®. Ha aHe BHewHel Kopbl HabnoAaeTCcs CUMbHBI
M36bITOK HEWTPOHOB B fA4paX, KOTOPblE CWALHO OTAMYalTCa OT
CTabunbHbIX B 3EeMHbIX YCAOBUSAX. BHYTpeHHss Kopa COAepXWUT
3NEKTPOHbI, CBOOGOAHBLIX HENUTPOHbI M HENTPOHHO-U36bITOYHbLIE ATOMHbIE
aapa. TonwMHa 3TOro Cnos — HeCKONbKO KunoMmerpoB. Habnwoaaetcs
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npouecc HEeWTpOHM3aumMn BelwecTea, T.€. WUCMNyCKaHMe aToMaMu
CBOOOAHbIX HEATPOHOB.

Cneaylownii 3a KOpon Cnoi - aapo, nmerwee pagnyc 7-15 kM. B HeMm
MOXHO BbIAENSAIOT BHEWIHEEe a4p0 W BHYTPEHHee saapo. B coctas
BHELLHero sapa BXOAAT HEMTPOHbI C HE6OMbLOM NPUMECHIO MPOTOHOB U
3NMeKTPoHOB. [lNOTHOCTL BeuwecTBa 34eCb B HECKOJSIbKO pa3  Bbllle
AAEPHOM NNOTHOCTU. naBHasi 0CO6EHHOCTL 3TOW YacTu 3Be3Abl — O4YeHb
3HEPruuHbie€ HYKJIOHbl TakMe, UTO MPU UX CTONIKHOBEHUSIX POXAAITCH
HOBbIE YACTULI.

Paguonynbcap (3XeKTop) XapaKTepusyoT CUJIbHbIE MarHUTHbIE NOAS U
BbICOKAsi CKOPOCTb BpAWEHUs. 3apsbkeHHble 4YacTulbl MO JIMHUSIM
MarHMTHOrO MOAsi MOryT Nokuaate 3ee3ay. Cpeaum nynbCapoB BblAENSOT
«nponennepbl», PEHTTeHOBCKUE NMynbCapbl, reopoTaTopbl.

B 3aknoueHMe XoueTcs CKasaTb, YTO U3YUYEHUE HEWTPOHHBbIX 3Be3[
MOXEeT JAaTb Hayke MHOrMe 3HaHWs O TMOBeAEeHMM YacTul B
3KCTPEManbHbIX YC/NOBUSAX, JM3HM W CMepTU 3Be34 W npoueccax,
NPOTEKAILWMX B HUX.

1. JlunyHoB B. M. ACTpo(pm3nka HEMTPOHHbIX 3B€34,. — Hayka. — 1987,
- C. 90.

PA3SPABOTKA MUKPOMPOLIECCOPHOIo Moavas
YNPABJIEHUA N KOHTPOJIA JIASBEPHOIO KAHANA
CNELUNAINBNPOBAHHOIO KOMNJIEKCA

[. A. BypMucTpos
HayuHbi pykoBoauTens — XonomMuHa T. A., A. ¢.-M. H., npodeccop

PaccmaTpuBaetcs psaa Mpo6ieMHbIX BOMPOCOB MO MPOEKTUPOBAHUIO

CUCTEMBI ynpaeneHus " KOHTpONs nasepHoro KaHana
crneumannu3mpoBaHHOro komnnekca. OCHOBHOE MpUMEHeHWe AAHHOro
yCTPOWCTBA - BOEHHas TexHuKa, obecneumBamowan ynpaBnseMblii

BbICOKOTOUHBIA MONET 06bekTa U OTCNEXMBAHME €ro Ha MpOTSHKEHUU
CNefoBaHuUs K Lenv Ha paccTosHum nopsiaka 10 kM.

PaspaboTtka MoAyns, BbI6OP (YHKUMOHAMbHbIX 3N1EMEHTOB
OCHOBbIBAETCS Ha WUCXOAHBIX  AAHHBIX " XapaKTepucTnkax,
obecneumBaoLmnX NpoOeKTUpyeMomMy yCTPOICTBY ycnewHoe
(PYHKUMOHUPOBAHME MpU  OMpefeNneHHbIX TeXHUYECKUM  3aJaHueM
YCNMOBUSIX OKpyXalolel cpeapl, a TakkKe MpU HanMuuu 3a4aHHbIX
HanpsbkeHusiX nuTaHms  60pTOBOM  ceTn, nnb0  anbTepHATUBHbIX
WNCTOUYHWNKOB.

C yuyetoM 0O6WUX NPUHLMMOB YMNPaBAEHUS U KOHTPONS JNIa3€PHOro
KaHana, paspabotaHa PyHKUMOHANbHas Cxema.
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DyHKUMOHaNbHas CXxeMa MUKPOMPOLECCOPHOro MOAYNS
yrnpaBfieHNs U KOHTPOSIS Na3epHOro kaHana: 1 - XK-UuHAMKaTop;
2 - opraHbl ynpaBneHus; 3 — MMKPOKOHTponnep; 4 - 6ydep;
5,6 - ycunutenu kaHanoe; 7 - npueMo-nepegatunk CAN nHtepdeiica;
8 - UCTOUHMK MuTaHus +27 B; 9,10 - nanyvawowme anoabl MK-gmnanazoHa
Ha NMoAyNpPOBOAHUKOBLIX reTepocTpykTypax; 11 - ¢potonpmeMHuk UK-
AuanasoHa; 12 - o6beKkT KOHTpons.

CaMbIM rnaBHbIM KOMMOHEHTOM B MPEACTABJIEHHON CXeMe SBNseTcs
MUKPOKOHTpOnnep. [locne npoBeaeHuMs  aHanuUTUYeckoro  o63opa
BbIMYyCKAeMbIX OTEYECTBEHHbLIX MUKPOKOHTPOJIIEPOB, NMPUHATO pPELLUEHUE —
ucnone3oBate 1986BE91T 3A0 "lNKK MwnaHgp", nNOCKOAbKY ero
TexHnuyeckme TpeboBaHMSA U COBMECTUMOCTb C APYIMMU KOMIMOHEHTaMu
CXeMbl NO3BOMAT YCMEWHO BbIMOMHATL MOCTAaBAEHHYK 3ajauvy Mo
ynpaeneHuio Kn KOHTpon. [lporpaMMuMpoBaHne MWUKPOKOHTPONEpPa
OCYLLECTBNSETCA Ha a3bike Cun.

BakHbIM 3Tanom asnsieTcs pa3paboTka 3NEeKTPUYECKOMn
NPUHLUMNNANBHON CXeMbl C MOMOLUBIO NporpamMMel Microcap 9 u Tononorum
neyvyaTHoOM nnatel B CAIP Mentor Graphics. T[lpoBepka pab6oThbl
BbIMO/IHEHUS  MPOrpaMMbl, HAMWCAHHOW  ANst  MUKPOKOHTPONnepa,
NpOM3BOANUTCA Ha OTnagouHon nnate STM3221G-EVAL.

Mpu cobniogeHnn Bcex TpeboBaHUM Ha 3Tanax paspaboTku M pacyeTa
3/1IEMEHTOB JAAHHbIA  MoAynb obecneunt yCTOMuMBOE ynpaBneHue
Na3epHbIM KaHAMNOM.

ONPEAENEHWE HEM3BECTHOIO HEOPrAHUYECKOIO BELLIECTBA
K.A. bynekoBa, H.M. PohxoB
HayuHbin pykosoautens — KauaHoea J1.11., CT. npenogasaTenb

PaccMaTpuBaeTcs cxeMma onpeaeneHns HEN3BECTHOMO
HEeopraHMyeckoro Beuwlectea. 10 npaBuWaaM KauyeCTBEHHOrO aHanusa
HaUMHAIOT C OMpeaeneHns Knacca CoeavHeHus. [na 3Toro MCronb3yeTca
OAMH W3 WHAWKATOPOB, HalleM Cnyyae, 370 MeTunopaHx. Okpacka
MPUroTOB/IEHHOIO PacTBopa He noMeHanacb. COOTBETCTBEHHO, Cpeaa
pacTeopa HelTpasnbHas, U3 Yero CAeAyeT, YTo 3TO COJib, KOTOPAs MOXET
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6bITb 06pa3oBaHa NM60 aHMOHOM CMabon KUCNOTbI U KaTUOHOM Cnaboro
OCHOBaHWA, NWM60 AHWOHOM CW/IBHOW KWCAOTbI M KaTWOHOM CUJSIbHOIO
OCHOBaHMUA4.

HauMHaeM wuccneaoBaHuMe AAaHHOIO BelecTBa C aHUOHOB. [lposeas
KAQuUeCTBEHHYIO peakuumio Ha aHuoHbl IIT rpynnbl, B KOTOPYIO BXOAST
HUTPWUT-, HUTPAT- M aueTaT-WoHbl (MPW HarpeBaHWW 3anaxa He 6blfo,
aueTaT-MoOHOB HEeT), rPynnoBbiM peakTUBOM AUDEHUNAMUHOM, pacTBOp
npuobpen BacUNLKOBO-CMHEE OKpalWBaHWE, YTO FOBOPUT O HaAM4uUu
HUTPUT- WA HUTPaT-MoHOB. C NOMOLWLIO peakTMBa [pucca onpeaengeTcs
NPUCYTCTBME HUTPUT-aHWOHA. XapaKTepPHOro KPAacHOro OKpaluWBaHUSA He
Habnoaanocb, cneaoBaTenbHO, B HalleM pacTBOPEe — HUTPaT-aHWOH. 2TO
aHWOH CUSIbHOM KUCMOThI, @ NOCKONBbKY Cpeja HelTpasbHa, HEU3BECTHBLIN
KaTUOH J0/DKEH NpUHaAAexaTb CUJIbHOMY OCHOBaHWiO, a 310 I n II
aHanuMTUYeCcKne rpynneol.

Tak KakK Npu HarpesBaHuMW 3anaxa He 6b110, TO U3 I aHanuTUUeckom
rpynnbl UCK/IOYAEeM KaTUOH aMMOHMS. TTOMCK KaTMOHA Havanu Co BTOPOWA
rpynnbl, Ha KOTOPOW rPynnoBbIM PeakTUBOM 4HBASieTCS KapboHaT
aMMoHus. bBenoro ocagaka He Habnwoaanocb, CcneaosBaTeflbHO, HeT
katnoHos II aHanutuueckon rpynnel. Octanace I aHanunTMyeckas rpynna,
ANs KaTWOHOB KOTOPOWM XapaKTepHO oOKpawwBaHwe nnaMeHn. [pu
BHECEeHUM B Njamsi conu Habnwogaem 6negHo-duoneTosoe oOKpalmMBaHume,
UYTO XapaKTEPHO ANS KaTMOHA Kanus.

TakMuM 06pa3oM, HEU3BEeCTHOE HeOopraHMYecKoe BelWecTBO - COoJb
HUTPAaT Kanu4.

MHAEHTU®UKALINA METAHOJIA B 3TUJ10BOM CINUPTE
E.P. UBaHoOBa, B.A. CuHenbHuKoBa
HayuHble pykosoautenu - Llupses A.A., K. X. H., poueHT, KauaHoBa
.M., cT. npenoaaBaTens

MpoBepsieTcs 3(PpPeKTUBHOCTL AOMALWHUX M NabopaTOpPHbIX MeToA0B
onpeAeneHuss NpuCyTCTBUS MeTaHOsla B BOJAHOM pacTBOpPE 3TUIOBOrO
cnupra.

MetaHon - CHsOH [1], npocTeiwmnii 0AHOATOMHBLIA CcnUpT, 6ecuBeTHas
AN0BUTAS XUAKOCTb. B ra3zoBOWM NMPOMBILWAIEHHOCTM OH UCMOMb3yeTcs Ans
TOro, utobbl He 06pa3oBbIBANUCE MMAPATEl, OTPULIATENIBHO BAUSIIOLLUME HA
KaueCTBO MONy4YaeMoro npoaykrta. MeTaHOn B OPraHMYeCKOM CUHTE3e
NPUMEHSIETCS AN BbINyCKa TakWMX COEAUHEHUWN, kak dopManbaerna,
¢dopManuH, ykCcycHas KMCnota u psig 3pupoB, U30MpeH u ap.

MeTunoBblA CNUPT SIBASETCS OMacHennM $iA0M, MOCKONbKY MPUEM
BHYTPb OKk010 10 MN MOXET NPUBECTU K TSHKENOMY OTPABAEHUIO (OAHO U3
nocneacTBMini KOTOPOro — CNenoTa), a nonagaHve B opraHn3M 6onee 80-
150 mMunamnutpoB MeTaHona (1-2 MMAAMAUMTPA 4YUCTOrO MeTaHONA Ha
Kunorpamm Tena) o06blyHO cMepTenbHo [2]. OTpaBneHuss MeTaHOosI0M
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AOBO/IbHO pacnpocTtpaHeHbl. Tak, B CLWA B TeueHne 2013 roga
3adukcupoBaHo 1747 cnyvaes [3]. B aekabpe 2016 roga B UpkyTcke OT
OTpaBfieHUs METAHONOM NMormbnn 76 yenoBeek.

Bbino npoBeaeHO 9 ONbLITOB CO CMeCcsiIMM MeTaHon-3TaHon-soga (1) wm
3TaHon-eoAaa (2). B obenx cMecax cogepxxaHue cnvpta — 40%:

1. WpeHTnpukauus npu rnomoLum rnepmaHraHarta Kanus,

opTo(PoCHOpPHON, LWAaBENeBoOl U CEPHOI KUCNOT.

2. Waentnodpwukaums npu noMoLm nepMaHraHaTa Kanus,
opTO(HOCHOPHON KUCNOThI U ruapocynbdaTa HaTpus.

Peakums ¢ MeTMNOBbIM (PUONETOBLIM.
Peakuus ¢ MegHOM NPOBOSIOKOMN.
Peakums ¢ Mbl/IOM U HOAOM.
lMeperoHka cMecw.

PedpakTomeTpus.

UcnbiTaHMe Ha KpaxMmane.
ToHkocnorHas xpomaTtorpadums.

N3 npoaenaHHbIX nepBbix 8 OMNbITOB MOXHO CAenaTte BbIBOA, 4TO
HEBO3MOXHO UAEHTUPULMPOBATL METAHON B TPOWHOI CMeCcu «MeTaHon-
3TaHoN-BoAa». TONbKO TOHKOCMOMHas XxpoMmaTtorpadusa nokasana, 4To
MOXHO, NoAy4mB 3pupbl NPOCTbIM HarpeBaHueMm C fob6aBfeHMEM CepHOM
KUCNOTBI, onpeaenvTb nx npucyTcreme  C MCMOJ/Ib30BaHUEM
BbICOKO3((PEKTUBHOM  XMAKOCTHON  xXpomaTtorpadmu. CoBpeMeHHbIM
METOAOM OrpeaesieHnsl MeTaHoa ABASIETCS ra3oBasi XpomaTorpadus.

OCRINOG R W

bubsmorpagunyeckuii Crimcok
1. Pozosckuii A. 4., JluH . U., TeopeTnueckme OCHOBLI npoLecca
CuHTEe3a MeTaHona, M., 1990.
2. byxrantep 3. b. MeTtaHon W ero uCnNofab30BaHWEe B a30BOW
npoMblwneHHocTn. — M: Hegpa, 1986. — C. 180.
3. Ferri Fred F. Ferri's Clinical Advisor 2017: 5 Books in 1. — Elsevier
Health Sciences. — P. 794.

PEKOHCTPYKLUAl NEYENA BAKYYMHbIX BJTOKOB YCTAHOBOK
ABT AT AO «PHINK>
10.C. Kowenesa
HayuHbin pykosoautens — JlormHos B.C., cT. npenoaasartenn

KombuHuposaHHaa yctaHoBka JJIOY-ABT-1 npeaHasHavyeHa Aans
nepBUYHON nepepaboTkn HedTu. loa nepBuUHON nepepaboTkoin HedTu
MOHUMAIOT MPAMYIO NeperoHKy HedTH, B X04€e KOTOPOM HedTb pa3aensaior
Ha @dpakumn: 6EH3UHOBYIO, KEpPOCUMHOBYIO, AM3ENbHYIO, MAacCNsiHYIO U
ryapoH. lNepeuyHaa nepepabotka HedTU BKA4UaeT B cebs crneayowme
npoueccol: obecconuBaHue u obe3BoxmBaHue HedTH, pekTudukaums
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YyrneBogopoAoB C NOCAEAYIOWEN KOHAEHCAUMEN U OXNaXAEHMEM
HedTAHbIX NApPOB.

ObecconmBaHne n 06e3BOXUBAHUE HePTM OCYLLECTBAAIOT Ha 650ke
2JI0Y B anekTpoAernapaTopax, rae npoMcxoamuT paspylueHune HedTAHbIX
3MYNbCUIA U OTAENEeHMe BOAbI U coneil oT HedTu. MNMpouecc pektndpukaumm
yrneBoAOpOAOB  OCYLLECTBASIETCS HA KOHTAKTHbIX YCTPOWCTBax B
PEKTUIUKALMOHHBIX KOMIOHHAaX Ha aTMocdepHOM U BakyyMHOM 6noke,
oxnaxaeHuwe M KOHAEHCauMd napoB — B KOHAeHcaTtopax W
XO0N0AUSIbHNKAX.

B coBpeMeHHOl  HedTenepepabaTbiBalOwWweld  NPOMbIWIEHHOCTH
NPUMEHAIOTCA NEeYn CaMbIiX Pa3HOO6pPa3HbIX TUMOB W  KOHCTPYKLWIA.
Tpybuatble neun 3aHmMaroT A0 30% OT CMeTHOW CTOMMOCTU
TEXHOIOMMYECKNX YCTaHOBOK U BO MHOIOM OMNpeaensitoT 3pPeKTUBHOCTb
paboTebl ycTtaHoBKM [1].

Mo TexHonorMyeckoMy rMpuU3HaKy nMeynu noApas3fAendlTCad  Ha
HarpeBaTeflbHble U PeaKUMOHHO-HArpeBaTenbHbIE.

Mo cnocoby nepegaun Tenna Cbipbl0 — HA KOHBEKTUBHbLIE,
paguaunoHHbIe, pagnauMOHHO-KOHBEKTUBHLIE.

Bce Tpybuatble neun  XapakKTepu3ylTcs  TpPeMd  OCHOBHbIMU
napamMeTpamu:

*  MNPOM3BOAUTENBHOCTL;

*  none3Has Tennosas Harpyska;

*  KO3(DUUMEHT NONE3HOro AenCTBUS.

B HacTosiwlee BpemMa Ha HedTenepepabaTbiBalOWMX 3aBojax
NPUMEHAIOTCA PaanaLMOHHO-KOHBEKTUBHbIE NEYN C AOCTATOUHO BbLICOKOWM
NPOU3BOANTENBHOCTLIO, MMEKLWMWE MNOAE3HYI0 TennoByl Harpysky 8-16
MBT n ko3dduumeHT nonesHoro peicrteus 0,65-0,87 [2]. B paHHOM
paboTte npeanoXeH MeToh yBenuueHust KosdduumeHTa NoAe3Horo
AeictBua 3a cyeT 60n1ee nosHOro UCNoJL30BaHUSA Tenna AbIMOBbLIX ra3oB
M yBeNMYeHUs Nose3HoM TennoBon Harpy3km 4o 100 MBT u 6onee, nytem
PEKOHCTPYKUMKU 3MeeBuKa TpybuaTtoil neum [1-2 BakyyMmHOro 6n0ka
ycTaHoBku ABT-1.

bubsmorpagunyeckuii Crimcok
1. TnuHkoB M.A. OcHOBbI O6uwei Teopuu nedvein. - M.: Metan-
nyprmusgart, 1962. - 576 c.
2. TanaTtapos M.A., AxmeTwmnHa M.H., ®acxytauHos P.A. n
Ap. TexHonorMyeckuMe pacuyeTbl YCTAHOBOK nepepaboTku HedTu:
Yueb6. nocobue ansa By30B.- M.: Xumug, 1987. - 352 c.
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PEKOHCTPYKLMUA PEKTUOGUKALMOHHON KOJIOHHbI K-2
HA YCTAHOBKE AT-6 AO «PHNK>» C LIEJIbIO OBECNEYEHNA
BbIBOAA JIETKOIo N TAXXEN1IOIro AN3E/IbHOIO TONJIUBA
C.U. Muxanes
HayuHbI pykoBoauTenb - JlapbkuH A.B., K.T.H., AOUEHT

[nsensHoe TONMMBO B HAWM AHM PACNpOCTPaHEHHbIN pecypc,
WCMOMb3yeMblli ANs 3anpaBky 6GONbLIMHCTBA TPAHCMOPTHbLIX CPEACTB:
BOAHBbIX,  XXENIe3HOAOPOXHbIX,  CENIbCKOXO35MCTBEHHBIX, BOEHHbIX,
rpy3oBbIX W Tak  jpanee. Ucnone3yetcs  ans KOTNOB WU
3NIeKTpOreHepaTopoB. A COBpPEMEHHble€  TEeXHONOrMM  MO3BONSIT
ucnonb3oBaTb €ro ans astomMobuneri. Ho Ansa HOBbIX TEXHOMOMUIA
HEeo6X0AUM WMMEHHO JNIerKMA KOMMOHEHT AW3esIbHOro TOMJnBa, MO3TOMY
CrpoC Ha Hero pacter. YTo6bl NPOU3BOAUTL HEOO6XOAMMOE KONMUYECTBO
nerkoro KOMMOHEeHTa, HeobxoAMMO  nepejenatb KOHCTPYKLMIO
PeKTU(PUKALMOHHOIN KOJNIOHHbI, KOTOpPas BbIBOAUT AU3eNbHOE TOM/MBO,
ANS pasAeneHus LeneBoro NpoAyKTa Ha NErkuin U TsHXENbIN.

PekmnpmkaunoHHas konoHHa K2 npeacrasnset co60il BepTUKANbHbIN
UMAMHAPUYECKUIA annapaT, KOTOpbIil npeaHasHauveH Ans (GU3ndeckoro
pasaeneHus CMecu YrneBOAOPOAOB C MONYYEHUEM LLENEBbIX MPOAYKTOB
TpebyeMoro kauecrBa MyTeM MHOrMOKpaTHOro Macca u TernsioobMeHa Ha
KOHTAKTHbIX YCTPOWCTBAX, Ha3blBaeMbIX TapenkamMu. B KONOHHe Ha-
BCTpEUy  CTekawuwewW  XuAKoCTM  NOAHMMAETCS  MOTOK  MapoB.
KoHTakTMpoBaHWe napoB U XWUAKOCTU MPOUCXOAUT HA KaXAOW Tapenke.
MaccoobmMeH wn TennoobMeH Mexay napaMM UM XUAKOCTbIO MOXeT
NPOUCXOANTb HA KaXAOW Tapenke Nvlb MPU HaJW4MKM TakK Ha3biBAeMOWN
pasHoctn a3, T.e. NpuM OTCYTCTBMM PABHOBECUS MEXAy napamu u
KMUAKOCTBIO, MOCTYNAWMMN HA KXAYIO Tapesnky. Takum ob6pa3oM HedTb
pasaensercs Ha BCE HEOO6XOAUMbIE KOMMOHEHTbI, B TOM YUC/e Nerkoe u
TSDKENoe An3enbHOEe TOMJINBO.

Llene naHHOro npoekta: o6ecneunTb pasfenbHblli BbIBOA JIETKOrO U
TSDKENIOr0 KOMMOHEHTa, TaK Kak Ceivac OHW CMELLUBAKOTCHA U BbIBOAATCS
OJHVUM MOTOKOM.

B COOTBETCTBUM C MOCTABAEHHOW Uenbl0 6blIM  ONpeAeneHsbl
crnepyowme 3aaa4m NCCneaoBaHuUs.

1. MNyTeM pacueta U MOAENUPOBAHWUS C MOMOLUBID NPUKNAAHBIX
nporpamMM, onpeaennuTb U3 KakoW YaCTu KOJIOHHbI BbIBOAUTE KOMMOHEHTHI.

2. Ucxopas n3 pe3ynbTaToB noaobpatb Heobxoaumoe
ob6opyaoBaHue (KnanaHbl U NpeAoXpaHUTeNn)

3. MNMpenocTaBuTb NNAH PEKOHCTPYKLUMWU KONOHHBI.

3HauMMOCTe paboTbl  OTpaXkaeTcss B 3KOHOMWUYECKOW  BbIroge,
6naropapsi noJsiydeHU0 Heo6XO0AUMOro MO KayeCTBY U XapaKTepuCTUKaM
Tonnuea, TpebyemMoro Ans COBpeMeHHbIX TeXHOOMNIA.
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PEKOHCTPYKLUWNA BJIOKA TEMNTOOBMEHHbIX AMNMNAPATOB
HA YCTAHOBKE rMAPOOYUCTKN BAKYYMHOIO rA30MNA
AO «PHNK» ANA CHNXXEHUA HATPY3KM U NOTPEBJIEHNA
TOM/INBA HA TEXHOJTIOIT'MYECKHMX NEYAX
N.A. ®okunH
HayuHbi pykosoauTens — JlapbkuH A.B., K.T.H., AOLEHT

B coBpeMeHHbIX YyCnoBuAX pa3BUTMA HedTenepepaboTkm Bce 6onee
XeCTKMe TpeboBaHUsA NpPeabaABAAITCA K TEXHONOMMYECKUM MnpoueccaMm U
o60pyaoBaHmio.

B TOoM wuncne pana o6ecrneyeHnss KayecTBa CbipbsSl YCTaHOBOK
KaTafMTUUECKOro KpekuHra TpebyeTcqa BeCTW Mpouecc ruMapoOUYMCTKU
BaKyyMHoOro rasoinsa (I'BlN). [Ans npousBoacTBa MAPOOUULLEHHOIO
BAaKYyMHOro rasoinnss ¢ coaepxaHuem cepbl go 0,05-0,2 % wmacc.
HeobxoauMo obecneunTb CAEAYIOWMIA napaMeTp:  Teupws  peaxroproro
6n0Ka=1920C-

MNopnepxaHwe AAHHOrO NapaMeTpa JIMMUTUPYETCS  MOLWHOCTbLIO
TeXHONormyeckmx Tpybuatbix nevein OH-1000/1,2.

B cBA3W C TeMm, YTO yBeNMYEHMEe MOLLHOCTEN TEXHOMOMMYECKUX Meyei
CBSAI3aHO CO HEMaslbIMW KarnuTasbHbIMU 3aTpaTaMu, NpeacTaBnseT NHTepec
BOMPOC NO ONTMMMU3aumn paboTel TennoobmMeHHOro o6opyaosaHus 6noka
NOArOTOBKMU CbIPbA.

CyuwecTtBylowas cxema nogorpesa cbipbsi yctaHoBku Bl AO "PHIMK"
npeacraenser coboii 6n0OK TennoobmeHa annapaToB, MapoBbie
nojorpeBaTenu U TEXHOMOMMYECKNE MEeYn.

Uenbto paHHOM paboTel gaBnseTca pas3paboTka CxXembl nogorpesa
Cbipbsl Ha yctaHoBke Bl ans yeBenuueHns TemnepaTtypbl BaKyyMHOIro
rasonnsa nepeg nedamm OH-1000/1,2, CHWKeHUS TENNOBOK HArpy3ku u
KonnyecTtBa noTpebnseMoro Tonavea.

3anauu:

1.i3yyeHMe TeopeTMyecKoro M MeTOAMYECKOro acrnekToB npobaemsbl
Nno AaHHLIM CreumanbHOW nuTepaTypsl.

2. W3yuyeHne TexXHONOrMMYECKO CXeMbl YCTAHOBKW, OMNpeaeneHune
NyTeN CHWXXEHUSA Harpy3ku Ha nevax.

3. MoaenupoBaHue npouecca MOArOTOBKM Cbipbsl C MNOMOLLbIO
NPUKAaAHbLIX NPOrpaMM.

4. TllpoBegeHue MOBEPOYHOr0 TEnJaoro pacyera TenJa006MEHHOro
obopynoBaHus 6510ka NOAMOTOBKM CbIpbS, TMAPABANYECKOrO pacyeTa
NpPOeKTUpyeMbIX TPy60npoBoaoB.

Ha ocHOBaHMM MpOBEAEHHOr0 WCCAef0BaHUSA MPeAsioXeHa CXema
06BA3KM TennoobMeHHbIX annapaTtoB 6noka Bl ¢ ycTtaHoBKOI 6annacos,
MO3BOAAIOILAA MOBLICUTb TeMMepaTypy cbipba A0 223°C u cHu3MTL
Harpy3ky wu notpebneHne TONAMBa TexHosormyecknx neven OH-
1000/1,2.
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MopenupoaHue pabotel TA B PRO-II no3sonuno onpenenvtb

3¢ PeKTUBHOCTb npennaraeMon PEKOHCTPYKLUKN CXeMbl,
NPOaHanM3npoBaTe NPOLLECC, AO0CTUYb TPpebyeMbIX NapaMeTpoB.
Mo pesynbtatam NPOU3BEAEHHOIO TEeNnIoBOro pacueta

Tenno006MEHHOr 0O ob6opyaoBaHus 7] rmapaBanNyYecKoro pacueTta
TpybonpoBOoAOB MO HOBOWM CXeMe TMOATBEpPXAEHa  BO3MOXHOCTb
peanusaummn AaHHOI CXEMbI.

PEANTU3ALMNA MEPONMPUATUIA NO YBENTUYEHUIO
MEXXPEFEHEPALIMOHHOIO CPOKA C/TYXBbl KATAJIN3ATOPA
HA YCTAHOBKE N14-24/7
E.M. WanbirmHa

HayuHbIn pykosoauTens — Jieiznosa M.B., cT. npenogasaTens

PaccmatpuBaetcs npo6nemMHbIN BOMpPOC no yBe/IMYEHMUIO
MeXpereHepauuoHHOro cpoka ciyxbbl KaTanm3aTtopa, MCNOoMb3yeMoro B
yCTaHOBKE rmMApoouncTkn J14-24-7. Ha3HaueHuMe [aHHOW YCTAHOBKM -
KaTanuTMueckass OuNCTKa HePTAHbIX AUCTUAAATOB OT CEPHUCTLIX,
a30TUCTBIX 7] KNCAOPOAHbIX coeanHeHnM B atmocdepe
BOAOPOACOAEPXKALLEro ra3a Npu BbICOKUX TeMAepaTypax U AaBNeHuu.

Cpok cnyx6bl kKaTanM3aTopa 3aBUCUT OT ero Tuna, cnocoba 3arpyskum,
yCnoBMA  NpoBeAeHuMs  npouecca rMApooUYUMCTKM W OT  YNCTOThI
MCMNOJ/Ib3YEMOr0 CbIPbS.

Ha PHIMK Ha ycraHoBke JIY4-24-7 B peaktop WCNONb3yeTcs
kaTanuszatop TK-578 BRIM™. J[laHHbIii KaTanM3aTop OTHOCUTCS K
KaTanusatopam HOBOIO NOKONEHUs ans npoun3BoACTBa
YNIbTPAHU3KOCEPHUCTOro AM3esIbHOr0 TOMAMBa C MAcCCOBOW Aoneil cepbl
MeHee 10 ppm. Tun katanusatopa - Co-Mo Ha okcuae antoMUHUS.

OCHOBHbIMW ynNpaBAsieMbIMW NapaMeTpaMyu Mnpouecca rMAPOOUNCTKY,
BAUSIIOLWMMU HA CPOK CNyx6bl KaTanu3atopa, SABASOTCA:

1. TemnepaTtypa. [lpouecc TrMAPOOYUCTKN AU3EMLHOMO0  TOMJuBa
npoucxoauT npu Temnepatype 320-400 °C. YsenuueHnue Temnepatypbl
WHTEHCUPUUMPYET MPOLECC, UYTO NPUBOAUT K CHMKEHUIO CoAepXaHusa S,
N, O, Me B npoayktax ounctkn. Kak otmeueHo B [1], «npu Temnepartype
420 °C yckopsioTcs no60YHbIE peakuuyM MMAPOKPEKUHra u 6bicTpee
AEe3aKTUBUPYETCH KaTanusatop».

2. NaBneHve. [TloBbllleHWe NapuManbHOro AAaBNEeHWA  BOAOPOAa
No3BONSIeT YMEHbLWTb 3aKOKCOBAHHOCTb KaTann3aToOpoB W YBENUUUTb
CPOK UX Cny>6bl. 3a CYET 3TOro yBeIMYnBaeTCs CKOPOCTb MAPUPOBaHuS,
W NPOUCXOAMUT YBESIMYEHNE CTENEHU OUUCTKU ChIPbS.

3. CTeneHb UMpKynauMM BOAOPOAOCOAEpXKalero rasa. [loBblweHue
napumanbHOro JAaBfieHMA BOAOPOAA B 30HE peakuuu Cnocob6CTByeT
yBenuueHuio obbema UupKyaupylouwero sogopoaocogepxallero rasa. C
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MOHUXXEHMEM KOHUEeHTpaumn eBogopoaa B LIBCI HeCKONbKO yMeHbluaeTcs
MeXpereHepaunoHHbI nepuog, paboTel KaTtanusaTtopa [1].

4. ObbeMHas CKOpPOCTb nojgaun cobipbs. C yBenmMuyeHuem O06bLEMHOM
CKOpPOCTM NOAAYU CbipbS BpeMs ero npebbiBaHWA B 30HE peakumn B
KOHTaKTe C KaTa/iM3aTOPOM COKPALLAeTCsi, YTO MPUBOAUT K CHUDKEHUIO
CTEMEHW OUUCTKM Cbipbs. JAna AocTwxeHus TpebyeMoro kadectsa
TOMAMBa MPU BbICOKMX O6bEMHbLIX CKOPOCTAX HEe06X0AMMO yBenuyeHue
TemMnepaTypbl W nNapuManbHOro AaBfieHUs BOAOPOAA, UTO yXyAlaeTr
3KOHOMMYECKME NnoKasaTenu.

BoiBog. B cBaA3M C 60NbLWON CTENeHbld BAWAHUS TEXHOJSIOMMYECKUX
napaMeTpoB npouecca Ha akKTMBHOCTL W CPOK CAyXb6bl kaTanu3aTtopa,
Heo6Xo0AMMO  3KCNEPUMEHTaNbHbIM  MNyTeM  noAbwupaTb  YC/IOBUSA,
obecneumBaowme 3pdhekTMBHYIO paboTy KaTanusaTtopa B 3aBUCMMOCTU
OT MCMNOJIb3YEMOrO ChIpbSl.

1. Twunapoounctka Tonnme: y4dyebHoe nocobue /H.J1. Conogosa, H.A.
TepeHTbeBa. KazaHb: M3a-B0 KasaH. roc. texHon. yH-Ta, 2008.-63 c.

NMPOEKTUPOBAHWE ANCKPETHOIO 3CYP 3AKOHA YMNPABJIEHUA
NS HENUHEWHOIO OBbEKTA BTOPOIO NOPSAAKA METOAOM
COIrnNACOBAHUA YNPABNEHUA/DYHKLUN NANYHOBA
O.H. bypkuHa

HayuHbin pykosoauTens — bobukos A.U., K. T. H., AOLEHT

MN3-3a 60ablIMX AOCTOMHCTB B HACTOSILLEE BPEMS aKTyallbHOM 3ajaven
ABNSIETCA  CUHTE3  HenuMHeWHoro  uudposoro  ynpaeneHus. Ang
ANCKPETU3aUMn HenpepbiBHbIX CUCTEM MPUMEHEHWE HaxoAWT npocTas
3MYNAUMSA, KOTOpas AaeT MOSIOKUTENbHbIE Pe3ynbTaThl AWl NPU ManbiX
nepuoaax avckpetusauum 7. OgHako B 3TOM Clyyae C yBenuvyeHnem T
McYesalT MHOrmMe cBoicTBa HenpepbiBHOro 3CYP perynsatopa. B [1]
pacCMOTPEHO pelleHne 3TOM Npo6seMbl, CBA3aHHOE C WUCMOJIb30BaHUEM
METOAWKW  COrflacoBaHus  ynpasneHus/dyHkuuu  JianyHoBa  Ans
HenMHeMHoro o6bLeKTa NepBoro NopsAaka, Tak Kak OHa BOCCTaHaB/MBaeT
yTepsiHHblE CBOWCTBa HEMNpEepbIBHOMO Perynsatopa, No3BOASET YBENUUUTL
nepuvoa JAUcKpeTusauuMm T U B pes3yfbTaTe AUCKPEeTHas peanu3aums
CTaHoBUTCS 60onee 6/IM3KONM K HenpepbiBHONM peanu3auumu.

B poknage npeanaraetrca uudposas peanusaumsa 3CYP perynsatopa
ANs HennHenHoro o6bekTa BTOPOro nopsjka B KOHTEKCTE COrflacoBaHus
ynpaBneHns/pyHkumn  JlanyHoBa. B pe3ynbTate  MCMNOsb30BaHUA
pacWwMpeHHoW napaMeTpu3aumn HaxoAMM JAUCKPETHLIN DKBUBANEHT
ypaBHEHUs HenuMHenHOro obbekTa, KOTOpbIA NpeacTaBnsieTca B Buae
pPa3HOCTHOrO YpaBHEHUSA pPa3fioKeHWs, OMUCLIBaeMOro C MOMOLLbIO
onepaTtopa Jin. lNocne yero npMpaBHMBaeM pPa3HOCTb PYHKUUIA JisnyHOBa
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AN AMCKPETHOrO 3KBUBANEHTA M MHTErpan OT MPOM3BOAHON (yHKUMK
JlanyHoBa Ans  HeENpepbiBHOIO 3aKOHA YNPaBEHUS W HAXOAUM
ypaBHeHue. Pelwasi nonyyeHHOe YypaBHEHue, onpeaensieM UudpoBoin
3aKOH ynpasseHus Ao m npubnumxeHuii B 7.

B kauecTtBe npuMepa pPaACCMOTPEH HEJNMHENHbI 06beKT BTOPOro
nopsiaka, ONUCbIBAEMbIN YPAaBHEHUEM

X = X, Xy = §x§ +u.
Ilna aHanMsa KauecTBa WCMNO/b3YEMOro MeToJa  BblUMC/IEHA

WHTErpanbHas KBagpaTuyHasi olM6Ka AN HYJEBOro U Nepeoro nopsaka
NPUGAMXKEHUS M NPU PasfIMUHbBIX Nepuoaax ANckpetusaumm T.

BbluMcneHue MHTerpanbHOM KBaapaTU4YHOWN OLNGKHK

Mopsaaok Mepuoa avckpeTnsaumm
”p”6”,‘;'7"‘e””" 7=0.01c 7=0.1c 7=0.3c
m=0 J=0.00006763 J=0.006939 J=0.06754
m=1 J=0.000000000017 | J=0.000001735 | 7=0.0001367

1. bobukoe A.W., TankuHa E.A. LUudposoii 3CYP-perynartop ans
HENMMHEMHOro obbekTa ynpaeBneHusi: Matepuanbl MexayHapoaHOM
Hay4HO-MpakTMyeckomn koHpepeHumn. Coun, 2016.

CO34AHME NAHOPAMbDbI U3 BUOEONMOTOKA
PaatowmnH M.W.
HayuHbin pykosoautenb — CMmpHoB C.A., K.T.H., AOUEHT

PasButMe TexHonormii 06paboTKM M XpaHeHust BUAEOMHPOpPMaLun
GOpMUPYET LIMPOKNIA MHTEPEC K CUCTEMAM aBTOMAaTUYECKOr0 MOCTPOEHUS
NaHoOpaMHbIX M306paxkeHuit. B HacTosuwee BpeMs Takue n306paxeHus
BCE ualle MCNONb3YIOTCS Kak CpeacTBa MHGPOPMAUMOHHOIO obecneuveHus
B OXPaHHbIX, MEAULNHCKNX, CIYTHUKOBBIX U APYrMX CUCTEMAX.

Moa naHopaMHbIM  M306pakeHneM  MOHUMAaeTCs  Takou  Tun
M306paxeHunsl, ANns KOTOPOro XapakKTepHO (UKCUMPOBaHWE OKpYXXatoLllen
MEeCTHOCTU oA, 60nbWKM YrioMm 0630pa, NPEBbIWAKIWNM BO3MOXHOCTU
06bluHbIX 06bekTuBoB [1]. OAHMM M3 CNOCOO0B MNOMYYEHUS MAHOpPaMm
SABNSIETCS1  «CLUMBAHME»  HECKOJNIbKMX  MOCNeAOBaTesNbHbIX  KajapoB
BuaeonoToka. lpu 3TOM coceAHue Kaapbl AOMKHbl UMETb OAMHAKOBHLIE
4yacTu, T.€. AOHKHO ObiTb UX NEpeKpbITUE.

B paHHOM paboTe paccMOTpPeH anroputM MNOCTPOEHUs! MaHOpaMbl U3
BUAEONOTOKA Ha OCHOBE BbIAENIeHUsI OCOObIX TOUEK B OMHAKOBbIX YACTAX
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CMEXHbIX KaapoB. [nsa co3gaHMss  MNAHOPAMHOIO  M306pa)keHus,
NOJIYYEHHOr O U3 BUAEO, TPEBYETCS BbIMOMHUTL CNeayolWmne 4ENCTBUS:

- pa36uTb BUAEONOTOK Ha Kaapbl,

- HAlTU OAWHAKOBbIE XapaKTepPHble YYacTKM Ha Pa3HbIX Kaapax,

- HATK Napbl YYaCTKOB Ha COCeAHUX Kaapax,

- COBMECTUTb AaHHblE KaApbl B OAHOM NM306paXKeHUu.

CyLlLecTBYIOT pasfinyHble MeToAbl MOMCKa OAMHAKOBBLIX YYAacTKOB Ha
n3o6paxkeHusx. Cpeam HUX MOXHO BblAENUTb KOPPEensiuMoHHbIE METOAbI U
METOAbl HAa OCHOBE BblAeneHus 0cobbix Touek [2]. [aHHble MeToAabl
06ecneumBaloT  BbICOKYIO TOYHOCTb conocTaBneHus YUYaCTKOB.
HepnoctaTkamMnm  KOPPENSIUMOHHBLIX  METOAOB  SIBASIOTCA  OTCYTCTBUE
MHBAapPUaHTHOCTU K M3MEHEHUIO MacwTaba M NOBOPOTa BUAESOKAAPOB, a
TAKKe BbICOKASl BbIYNC/UTENbHAS CNOXHOCTb. [aHHble HeAOCTaTKu
OTCYTCTBYIOT Y HEKOTOpbIX METOAOB BblAeNeHUst 0Co6biX Touyek. Cpeam
HMX MOXHO Bblaenutb SIFT, PCA-SIFT, MSER, Harris-Affine, SURF. Metoa
SURF (Speeded Up Robust Features) B Heckonbko pa3 6bicTpee
nepeuyncneHHblXx. B paHHOM MeToAe AN YCKOPEHWUSI MNOMCKa TOUYEK
MHTEpPECa UCMONb3YIOTCS MHTErpasibHble U306paXKeHUS.

TakuMm o06pa3oM, Aans onpeaeneHnst XapakTepHbIX OAWHAKOBbIX
YUYaCTKOB B MNpeanaraéMoM aaroputMe MCNonb30BaH METOJ BblASNEHUS
0cobbIXx TOYeKk Ha ocHoBe SURF. [JOCTOMHCTBOM JAaHHOro MeToaa
ABNSAETCA: WHBAPWAHTHOCTb K BPALLEHUIO, W3MEHEHUID OCBELEHUS
M306paxKeHMs NN SPKOCTH.

NccnepoBaHMe anroputMa MpOM3BOAMNOCL C WUCMONb30OBaHUEM psaa
BUAEONOCNEA0BATENbHOCTEN, MOMYUYEHHBIX B BWAMMOM  AMAMNa3oHe.
Mpeanaraemblii aNropuTM MO3BOJISIET «CLUNTbL» MAHOPAMHOE U306paXKeHue
M3 BUAEOMNOTOKa C HEGONBbLWNMKN NOrPELHOCTAMM.
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MCCNEAOBAHWE CUTHANOB-NMEPEHOCYUKOB UH®OPMALIMN
HA OCHOBE MMNY/1bCHbIX CUTHANTOB CJ/IOXXHOW ®OPMbl
B NBMEPUTEJIbHbIX CACTEMAX
P.B. MaHTIOXWH
HayuHbIn pykoBoauTenb - Muxees A.A., A-p TEXH. Hayk, npodeccop

Mpu NoCTPOEHUU MHDOPMALIMOHHO-U3MEPUTESbHBIX cncrem
JUCKPETHble OTCUYeTbl CUrHanoB JAaTuYMKOB LENnecoobpasHo B psae
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