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SAurean
Muxaua Ky3pmnu

Ha xwuBommcHbix Oeperax pexu Bops,
Ccpeau MepBO3JaHHBIX JIECOB PACIHOJIOXKEH T.
Kpacnoapmeiick. Hctopuro ropojga 0OOBIYHO
CBS3BIBAIOT C BO3HMKHOBEHHEM Ha 3TOM
Mecte Bo3zneceHckoit MaHyhaKTypsl, O3%Ke ¢
nosiBiieHrneM Co(pHHCKOTO TOJIMTOHA, HBIHE
OI'VII HUU «l'eone3us», Ha TEppUTOPUHU
KOTOPOTO MPOBOASTCS UCTIBITAHUS U CHAIOTCA
Ha  BoopyxeHue Poccuiickoii — apmuu
HOBEHIIME  BUABl  APTWUIEPUHCKOIO U
PaKeTHOTO  BOOpPYXKEHHs,  OOENpHIIacoB,

BOEHHOU TEXHUKH.

I'epd6 KpacHoapmeiicka: OCHOBHOH Qurypoil repba SIBISIOTCS BOpPOTa —
IJIaBHAs 4acTb HCTOPUYECKOrO TAaMATHUKA apXUTeKTypbel — «KpacHele
BOpOTa»,  COXpaHUBINMECS OT  Bo3HeceHCKoW — OymaromnpsauiIbHON
MaHy(akTypel, ocHOBaHHON B 1834r. fnmpa cuMBOMM3HPYIOT O0OOPOHHYIO
MIPOMBIIIUICHHOCTh TOPO/A, Ha MOJUTOHAX KOTOPOTO MPOXOIMIHN WCIIBITAaHUS
peakTuBHbIX cHapsgoB ans «Katiomm». MMenHo B Ham ropoa B 1927r.
Tpuexajl yYuThbcs U paboTaTh OymymIuil akangeMuK, KOHCTPYKTOP B OOJIacTH
pakeTHO-KocMHuuecKoi TexHuku Muxann Kysemuu SHrens.

JleTcTBO M IOHOCTDH

B Cubupu, B nepesHe 3bipsiHoBOM HmkHemnmuMckoro paiioHa MpkyTckoit
obnactu 25 okrsaOps 1911 roma B ceMbe MOTOMCTBEHHOTO KpPECThSHHHA
pomuics Muxaun Kyspmuu SHrens. 3nech, B pojHOW JepeBHE, Ha Oepery
JKUBOIUCHOTO Mnuma 1 mpouuio ero A€TCTBO.

B MecTHOW TpexkiacCHOM MIKOJie OH Havall MMOCTUraTh IpaMoTy. 3Aech C
JeTCKUX JieT Muxawsi MO3Hal HEJIEerKUil KpecThIHCKUA Tpyd. Y ero
pomuteneit - Ky3smbr JlaBpeHTheBrUa 1 AHHBEI [laBinoBHBI ObITO 12 mereid.
UroOBl TPOKOPMHUTH TaKyl0 OONBIIYI0 CEMBIO, POIUTEISAM IPHXOIMIOCH
3aHUMAaThCAd HE TOJBKO 3EMIICNENIMEM, HO M >KHBOTHOBOJACTBOM, OXOTOH H
JpyruMHu IpombiciaMu. Kak W B APYTHX KPECThSIHCKHX CEMbBAX, B CEMbE
SHreneit merel paHO MPHUyYadw K TPYLY, BCEM MM OBLIO OIMpPENeNieHO CBOE
Mecto. Pebsara ¢ oTioM paboTaiy Ha «YHCTKe» - pa3paboTKe ydacTKa IoJ
MAITHIO, KOCHJIM CEHO, YOUpaH Xied, XOIMIN B Talry Ha OXOTY, a JIEBOYKH
0oJIbIIIe TOMOTAJI! MaTePH Ha KyXHE U 10 XO3SHCTBY.

«OTen X0Th U CTPOT OBLJI,- BCIOMUHAET J04Yb BajeHTHHa,- HO HUKOTO He
0w, yaime HaM OT MaTepH Iiepenajaio. beiBano, pedsta HaOEHOKYPSIT WIN
MoJepyTCsl, HE TOAENAT YTO-HUOYIb, TaKk OTEl OTYMTAET XOPOUIEHBKO
TIPOBUHUBIIHUXCS, & B OTHOLICHHSI MEXTy A€TbMU HUKOTIa HE BMEIIMBAJICS -
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CaMOCTOSATENILHOCTh BocTIUThIBAI». Jlroomnu Ky3emy JlaBpeHTheBHuUa B
CceMbe, YBOKAIM 32 TPYJONOOMEe W OCTphld yM B JepeBHe. Yacto
JIEpPEBEHCKHUE MPOCUWIN €r0 pa3pelInTh CIOp WM CCOpy, MOTOMY YTO 3HAJH:
Ky3pMa npaBUIBHO pacCyanT, HE JaCT HUKOTO B 00U Y.

Omun 3a gapyruMm mnomun B mkony Cama, Koncrantun, Hanpexna,
Hukomait, Muxamnir...

Anekcannp, mnpepBaB yueOy, ymien 16-JIeTHUM WapeHBKOM B OTPSI
WINMCKHX TapTtu3ad Ha Oopp0y ¢ Komuakom. KoncTanTmH yumics Ha
«OTJIIMYHOY» U TEPBBIN U3 IEPEBHU NOCTYNHI B MOCKOBCKUI YHUBEPCUTET.

Muxani, OKOHYHMB 3BIPSHCKYIO IIKONy, HMOCTynmui B HmkHemnmmmckoe
BEICIIIEE HAYAIFHOE YUWIIHIIE, B KOTOPOM mpoyumics A0 1924 roxa. K stomy
BpeMeHU ceMbsi SHreneil yBenmuumiack a0 13 yenosek. JKwim OemHo, kak
TOBOPUTCS, elle CBOJIMJIN KOHIBI ¢ KoHIamu. HecmotTpst Ha Hyxny, Kyssme
JlaBpeHThEBUYY OYCHb XOTEJIOCh, YTOOBI €ro JETH yUMINCH nanbiie. B 1924
rogy Muxaunn nepeexan B Kyityn Hpkyrckoir obmacTu, riue Wi y TETH -
MJIaJMIeN cecTpbl MaTepH.

B nexadpe 1925 rona, korna emy ucnonnuinocs 14 nger, Muxausia npuHsUIH
B KOoMcoMOJ. [Ops90 mO3apaBHil €ro ¢ 3TUM COOBITHEM cTapmui Opar -
AnekcaHfp, KpacHbI mapTu3aH, OAMH U3 pyKoBoauTened HuxHennmMmckon
KOMCOMOJINH, WieH MpKyTckoro ryOkoMa KOMCOMOIa, Aejerar 4-ro cbe3aa
KoMcoMoTa 1 iepBoit Cubupckoii kpaesoit koHpepenn PKCM.

B 1926 rony Muxaun mepeexan B MOCKBY K CBoeMy cTapiieMmy Opary
KoHcranTHHY, KOTOpBIH yuwics B YHuBepcutere. Bpemst Obuio TsKesoe,
MPUIILIOCH COBMEIIATh Y4eOy ¢ paboTOM Ha 3aBOJE CTEKIOrpad .

Dadpuxa

B 1927 rogy M.fHrens BnepBele npuedxaer B KpacHoapmelick. B 3Tom
ToJy OH OKOHYWI 7-H Kiacc o0meoOpa3oBaTeinbHOM MIKONEL JlampHenmas
KHM3Hb B OOIIEKUTHU CTana HEBO3MOXHOW, M OH CTaJl MCKAaTh MECTO, /e
MOXHO OBIIO OBl MPOAOKUTH yueOy u paborTy. OmHaXIOsl eMy B pYKH
TIOTIAJIOCH Ta3eTHOE OOBSIBICHHE B KOTOPOM Ha Bo3HeceHCKyI0 MaHyhakTypy
MIPUTTIANIAIACE MOJIOJbIE pabodne, MpudeM O0O0ydeHHe MM TapaHTHPOBAJIOCh.
W Muxawi cen Ha moe3n1... Bexymas u3 CoppuHo y3KOKOJIeHKa IPHBEa ero
Ha (abpuky, ceiyac HaxomsAmIylocs B depTe ropona KpacHoapmeiicka.
®abpuka Opura moctpoeHa B 30-x romax XIX Beka. OHa ObLTa OCHaIIeHA
CTaHKaMM aHIJIMICKOTO M OEJBHHCKOr0 TPOU3BOJICTBA W 10 CBOHM
MacmTabam, 00beMy BBITYCKa€MOM MPOTYKIMHM U UYHYCICHHOCTH paboumx
3aHMMalla BeAyllee MeCTO He ToJbKo B Pocecun, HO u B EBpore.

Iponykumst ¢dabpukm — TKaHM MHUTKajdb, OyMmases, perc, IepKajb
MoJb30BaJIach ~ cripocoM.  HarmoHanmsupoBanHast mociie  OKTSOpbCKOH
PEBOIIOLINH, OHA B OCHOBHOM paboTana Ha Hyxzabl KpacHoit Apmuu. Beuto
PEKOHCTPYHPOBAHO MPOU3BOJCTBO, IMIOCTPOCHBI JOMa I pabOYMX, IIKOJBI,
netckue cansl, mpu (abpuke co3mgaHa mkona O3Y (DadpuaHO-3aBOICKOTO
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yuenuuectBa). C 1927 r. ObiBiras BosHeceHckas MaHy(dakTypa crajia
Ha3piBaThCsl «@Pabpuka umenun Kpachoit Apmuum u @mora». OT 3TOTO
Ha3BaHUs TOIUIO M HAa3BaHMs PaboOdYero Iocenka, B KOTOPOM IIOCEIHIICS
M. Surens — KpacHoapMeiickuii.

Muxaun SHrens cran nmocemats mkory @3V, ocBauBaTh TKaIKoe AENO.
Ero yBnexamm jeKnuu MO MeXaHHW3MaM, C yIOBOJBCTBHEM OH BBITIOJHSUI
3aJaHus 10 YepueHHro. YacThIM ToCTeM OH CTall M B JOBOJBHO OOJNBIION
oubnmoreke mpu (abpuke, TNe, TOMHMO TEXHHYECKOH JHUTEpaTyphl, €ro
WHTEPECOBAIM KHHUTH IO HcTOpud u ¢mnocopun. OH BCTad Ha y4YeT B
(aOpHUIHYI0 KOMCOMOJIBCKYIO OPTaHHM3aLMI0 M HE MPOIYyCKal HH OIHOTO
cobpanus. UyTe mO3%Ke OH BCTYNHI B KOMCOMOJBCKO-MOJIOJICKHYIO
KOMMYHY, CO31aHHYI0 B 1926 T. ipu ¢abpuke.

[MoamockoBHas mpupoia NMpHILIack mo ayue Muxawy. Pabounii mocesnox
OKpYaJl JIeC C BEKOBBIMU COCHaMU U ensiMH. PorHuKoBast peuka Bops Obuia
6orata peiOoii. Bmecte ¢ npy3psiMu Muxaui peryisipHO coBepIIall MPoOeKKH
[0 JIECHBIM JOpOXKaM, BeAyIIMM B cocenHue nepeBHU. Ilo3mHee 3TO
YBIICUCHHEM TIEPEepoCiIo B ydyacTHe B COpeBHOBaHMsX No Oery. He pas
Muxani CTaHOBHIICS TTOOENTENEM HIIH IPU3EPOM 3THX COPCBHOBAHUIA.

Ilocme  cmaum  BBIIYCKHBIX  3K3aMEHOB,  Muxamia  IMOIYYHI
KBTH(UKAIMOHHOE yJOCTOBEPEHNE U CTaln paboTaTh MOMOITHUKOM MacTepa
TKalKoro mpowusBojacTBa. OmgHaxasl Ha (abpuKy MOCTymHi 3aKa3 Ha
W3rOTOBJICHUE TKaHW II€pKajlb, KOTOpas IIa Ha OOLIMBKY KPBUIBEB H
¢rozenshka camoneroB. KoMMyHaphl pelIMIM MOCETUTh BOSHHBIN a’polpoM,
MO3HAKOMHTHCSA C JIETYNKAMHU M YBUAETh BOJIHM3M CaMOJIETHI, B KOHCTPYKIIUU
KOTOPBIX HCHOJIB3YyeTCsl TEeKCTWIbHas mponaykimusa. Ckopee Bcero, MMEHHO
Iocjie MepBOr0 3HAKOMCTBa Mmuxauia ¢ a’3poIUIaHOM Yy HEro M 3apoauiiach
MedTa 00 aBHaIyy.

Hactynun 1931 roa. B crpane Toponunuce JOCPOUHO BBINOIHUTE MEPBBIH
MATHICTHUH TUIaH. AKTHBHO pa3BUBAJIOCh CTaXxaHOBCKOE JBIKeHHWe. Ha
TKAaIIKOM TIPOM3BOJICTBE 3TO O3HAYAIO0 OOCIY)KMBaHHE OJHOW TKAYMXOH HE
YeThIpeX CTaHKOB, a B TPU-UETHIpe paza Ooibine. MuXams ¢ HTY3HMa3MOM
BIMJICA B OPTaHU3AIMIO 3TOTO ABWKeHHUA. OH CTayl OHUM M3 OpraHU3aTOpPOB
HOBOTO OpWTagHOTO MeToAa PalOTHI - TaKk Ha3bIBaeMON «(PYHKIIOHAIKI,
KOTOpasi MO3BOJIMJIA HAMHOTO YBEIHYIHUTh IPOU3BOAUTEIHLHOCTD TPY/Aa.

B 1931 romy 20-nernero fnrens npuHsuid B paasl KoMMyHHCTHYECKOM
naptud. B 3tom ke rogy no myreBke IlyIIKMHCKOro pailOHHOTO KOMHTETa
KOMCOMoJIa OH ObUT HarpasieH Ha yueOy B MAU - ¢ atoro Bpemenn Muxauin
SIHrens OKOHUATENBHO CBS3al CBOK KM3Hb C aBUallUEH, a MO3J1Hee C
pakeTocTpoeHueM. Bckope mocie MocTymieHHs B MHCTUTYT OH IIpHEXal B
POIHYIO KOMMYHY, YTOOBI BMECT€ C Jpy3bsIMH OTIpa3JAHOBATH CBOE
noctyieane. He pa3 motom BpeMmsi KaHWMKYJ OHHM TIpHe3kal Ha (aldpuky,
YTOOBI TOPadOTATh U MOOOIIATHCS C APY3bSIMU.



Yuusiacs B MHCTUTYTe Muxauid Ha «OTJIMYHO», AKTUBHO 3aHHMAJCA
NApTUIHON W WHCTHTYTCKOH pabortoit. Ha mepBoM Kypce OH - cekperapb
KOMCOMOJIBCKOH STYeHKH, Ha BTOPOM - CEKpeTapb (aKyibTeTa M CEeKpeTapb
KoMuTeTa komcomona MAU.

Bynyun crynentom, B 1935 romy Muxamn mnocrynmaer Ha paboTy B
KOHCTpyKTOpcKoe Oropo Hukonas Huxomnaesnua [TonmkaprnoBa, KOTOpPBIN cTai
PYKOBOAMTENEM €r0 TUIIOMHOM paboTsl. [IpocMaTpuBasi AUIUIOMHBIN MPOEKT
Anrens mox HazBaHUEM «BBICOTHEIN HCTpEeOUTENh ¢ TEPMETHYHONH KaOMHOW»,
ITonmukaprnoB yBHAEN MHOIO HMHTEPECHOTO M HOBOTO B KOHCTPYKTOPCKHX
pemieHnsIX M MeToamke pacueroB. OH 3amHTepecoBaica cynpOoil Muxauma.
VYcnpimas pacckas CTyICHTa O JOJITOM U HEeJIETKOM IyTH H3 TIIyX0i CHOMpCKOM
nepeBHH B aBuanuio, llommkapmoB ckaszanm: «[lomydaercs, 9To THI Kak
JlomoHoCOB mpobOuBaelibcs B Hayky. IloxBampHo! IloxBameHO! Tonbko He
OCTaHaBJIMBaliCsl Ha TONITYTH, JUIUIOM HH)XEHepa - 3To emie He Bce. HyxHo
UATH AaJbIIey.

B koncTpykTopckom 6topo IonmkaprioBa SlHrens npopadotan okono 10 yer.
HauaB  KOHCTpYKTOpOM  BTOpOW  KaTeropuu, paboTall  HHXKEHEPOM,
MIOMOIIIHUKOM TJIaBHOTO KOHCTPYKTOPA, BEXYIIUM WHXKEHEPOM, Y4acTBOBAI B
MIPOSKTUPOBAHNN W CO3IaHWU Momudukammu ucrpedurenein 1-16, NU-180, U-
185 u mp.

13 despans 1938 roma Surenr ¢ Tpynmoil BeoyHmIMX aBHAIMOHHBIX
CIETIHATHNCTOB €3/I1J B CIIy)eOHyr0 kKomaHaupoBKy B CIIIA.

B cypossie rogs! Benukoit OTeuecTBeHHON BOMHBI MapTHsI U MIPABUTEIHCTBO
NOPYYUJIM €MY OTBETCTBEHHBI YUYacCTOK IIO BBIIIYCKY BOEHHOW aBHALlMOHHOMN
TeXHUKH. PaboTas HayaJIbHMKOM OJHOI0 M3 BakHeWmmx nexos, M.K. Snrens
CYTKaM{ He yXOJWJ M3 (PIO3eHKHO-COOPOYHOTO yyacTKa, OpraHH3ys BBIIYCK
00€eBBIX HCTpeOUTENeH, TaK OCTPO HEOOXOJUMBIX (PPOHTY.

B 1948 romy Surens mocTtynun B AKaIeMHI0O  aBUAIMOHHOM
npombliiuieHHOCTU. [locne okoHuaHust ee ¢ orauuueM B 1950 romy Hayain
3aHUMATbhCAd PAaKETHO-KOCMHUYECKON TexHHKOH. IlpesmaeHT AxkanemMuu Hayk
CCCP M.B. Kenapimi, roBopst 0 3HaueHHH paboT SHrens, ckasan: «CoBeTckas
HayKa, Halla cTpaHa, o0s3aHa akagemuky M.K. SlHrenro B pa3BUTHH HOBBIX
HalpaBlICHUH HAayKM W TEXHUKH, CO3JaHMM 3aMEYaTeNbHBIX O0Opa3IoB
COBEPLIEHHENIINX KOHCTPYKLUI, UYTO BHECIIO IPOMAJIHbIN BKJIaJ B YKPEIJIEHUE
MorylecTBa Hame PoguHbn).

YBekoBedeHne NaMATH
o Jlom-my3eir M. K. furens B mocénke bepesnsxun HuxHennmmMckoro
pationa Mpkyrtckoit o0mactu.
e FEro ums npucoeno ['ocymapcTBeHHOMY KOHCTPYKTOPCKOMY OIOpO
«tOxHO0e» (1991 ).
o @enepanun kocMoHaBTUKU CCCP u YkpauHbl yupeauinn Meaaib ero
VMEHH.



e CrumeHaus ero MMeHHM B MOCKOBCKOM aBHALIMOHHOM HWHCTHUTYTE,
JlHeTIponeTpOBCKOM roCcy1apCTBEHHOM YHHUBEPCUTETE.

e Ero umeHneM Ha3BaHBbI acTepoun U kparep Ha Jlyne, nuk Ha [lamupe,
OKEaHCKHH cyXorpy3 («AkaneMHK SHTenb).

e B ero uects Ha3zBaH mnocénok Surens HmxHennumMckoro paiioHa
HpxyTckoit obmacTu.

e  VYmuusl ero umenu B Mockse, Kuese, Jlnenponerposcke, baiikoHype,
Kpacnoapwmeticke.

e lIMeHeM akaznemuKa SIHrens Ha3BaHa OJHA M3 CTAHIMH MOCKOBCKOTO
MertpomonuTena, pacmoiiokeHHas Ha CeprmyXxoBCKO-THMHPSI3EeBCKOM
JIUHUM — CTaHIMA «Yauna AxageMuka SHrems.

e VYcTaHOBJEHBl MaMATHBIE OrCTEI B ropojax JKemesHoropcke-
Wnnmckom  (Mpkyrckas ~— obmacte),  /IHempomeTpoBcke; — Ha
kocMmoapomax: «balikonyp» u «Ilnecerk».

e  MeMopuanbHble TOCKH Ha 3AaHUAX:

O TekcTHIbHOM (adpuku B T. KpacHoapmeiicke MockoBcko
o0Jacty,
o  MOCKOBCKOTO aBHallMOHHOTO HHCTUTYTA,
o IHMNKW Mammnoctpoenuss B T. Koponése MockoBckoi
obacty,
o TI'Kb «tOxHoe» B T. JIHETIPOIIETPOBCKE.
e IlouerHslii xutens r. baiikonypa.
e  Ero nms Hocun XapbKOBCKMH MHCTUTYT PaJHOIIEKTPOHUKH B 1982—

1993 ronax.
e IIpocnekt um. M.K. Snrens B KpacHoapmeticke
Harpaabl

3a 3aciyru B Pa3BUTUM pPakeTHO-KocMuueckod TexHuku M.K. SHrenb
IBaXIBl ObUT ymoctoeH 3BaHus [epos Commamictudeckoro tpyma (1959,
1961), marpakmeH dYeTsIppMsi opaeHamu JleHwHa, opraeHOM OKTIOpBCKOM
pesomortnn, MEOrUMH Menansmu CCCP. Emy npucyxnenst Jlenunckas (1960)
u T'ocynapcrBennas npemun (1967), npemust u 3omotas menans mMm. C. I1.
Koponésa AH CCCP ( 1970 ). On 6bu1 AemyTaToOM TpeX MapTHUHBIX CHE3/IO0B,
Ha XXII n XX IV ceezgax KIICC msbupancs xanaumatom B uneHsl LK.
Surens 661 Takke aenyraroM VII u VIII cossiBoB BepxosHoro Cogera.
XKena, Upuna BukropoBHa, mpodeccop MOCKOBCKOTO aBHAIIMOHHOTO
UHCTUTYTA, JOKTOP TEXHHYECKHMX HAyK, BOCIHTala COTHH aBUAIIMOHHBIX
CIELIMAINCTOB, y Hee yUYMInuch KocMoHaBTHl B. BonkoB u B. CeBacThsiHOB, OHa
aBTOP Y4€OHHKOB IO IWHAMUKE IT0JIETA JIETATEIbHBIX allapaToB.
M.K. furens He cTtano B AeHb ero 60-metwus, 25 oktsaops 1971 roma. Cepue
M3BECTHOTO YYEHOT0, KOHCTPYKTOpa OCTAaHOBHJIOCH B TOT MOMEHT, KOTAa OH
MIPUHUMAJ TIO3paBICHUS OT KOJUIET, ApY3ei, POXHBIX M OJM3KMX B UYECTh



cBoero toomies. [Toxoponen B r. Mockse Ha HoBoneBnubem kianouie (5 yu.
24 pan).

Umenem AHneens naszeana wixona 6 bepesnaxax ¢ Cubupu. Umsa axkademuka
Aneens Hocum mennoxoo, cnywenHulii Ha mope 28 mapma 1972 2o0a. Omom
Ccyxoepy3 nOCmpoeH 6 peKOpOHO KOPOMKUU cpok - 3a mpu mecsaya 10 ouei. B
NOCMPOEHUU OKEAHCKO20 2U2aHMA NPUHUMAL Y4ACIUE 8eCb MHO2OMbICAUHbIU
Konekmug cyoocmpoumenei 2. Xepcona. B Mockee 6 Hoom patione
Yepmanoso o0na u3 yauy Hazeana umenem axademuxa Auneens. Ha Ilamupe
ecmb nux, Hocawuu Hazeanue Iuk um. Auneens.

O Aneene nHanomuHnarom RAMAMHUKU, MEMOPUATbHbIE OOCKU HA 30AHUAX,
20e ou yuuaca u paboman, ynuyvl 6 Mockee, Kuese, [[nenponemposcke,
batixonype, Bpamcke, XKenesnozopcke, nocenox 6 Hprkymckot obnacmu,
Hocawue ezo uma. O ocusnu Aueens pacckasvieaiom KHUSU U 2ad3emHble
cmamoll, melesU3UOHHbIE nepeoayu u paouo. A ewe - oKeanckuil JaviHep-
cyxoepys «Axademuk Hueenvy, 3aobnaumvii nux Aueens FOzo-3anaonoeo
Hamupa, acmepoud u kpamep Hneens 6 camom yenmpe 6uoumMo2o oucka JIyuoi.
Ezo umsa npucsoeno ['ocyoapcmeenHoMy — KOHCMPYKMOPCKOMY — O1OpO
«FOsxcnoey, gedepayuu xocmonasmuxu CCCP u Yxpaunwl yupeounu meoans
eco umenu. Cmunenous e2o umenu ecmv 6 MOCKOBCKOM aBUAYUOHHOM
uncmumyme, J[Henponemposckom 20cy0apcmeeHHOM YHuUgepcumene.

B 2opooe Kenesmocopck-Hnumckuti no unuyuamuse xoanee u3z KB
«FOoicnoe» u npu coodeticmeuu srcenvt Muxauna Kysvemuua Hpunvl Buxmopogtsi
Cmpadicesoii Ovll OMKPbIM MEMOPUATIbHLIL My3el UMeHU akademuxa. B
KocMuyeckom 3ane myszesi uMm. Hueensi Haxooumcesi 00um U3 mpex
cywjecmeyiowux mMaxkem o6 cnymuuka «Humepkocmocy 6 HAMYpaibHyo
senuuury, emopou naxooumces 6 Mysee um. K. C. uonxosckoeo 6 Kanyee, a
mpemuti - 6 Myzee kocmonaemuxu ¢ Mockae.

Ha znasnoii nnowaou Kenesnoeopcrka-Mnumckozo ycmanoeien namsamuux.
E20 omxpwimue cocmosnoce 15.10.1977 2. Cpeou eocmeii dvina dcena HU.B.
Cmpasicesa-Hneenn, e2o cecmpa B.K. Pomanoega-fneenv, 1emyux-kocmonagm
I'.C. Tumos.

25 oxTs0pst 1972 roga Ha 3maH MOCKOBCKOTO ABHAIIMOHHOTO WHCTHTYTA
OblTa yCTaHOBJIEHAa MeMOpHasbHas nocka: «[IycTb B 9T0i *u3HH y Hac ObUIH
BETPHI ¥ OypH, TPO3BI U IITOPMBL, HO CYMEJH MBI BCE-TaKH IPOMTH CKBO3b BCE
9TH HEB3rofpl... IlycTh OTBEJEHHBIE HAM NPUPOJON OCTAlIbHBIE TOABI OyIyT
6e3 Oyph ¥ IITOPMOB, HO 0053aTEILHO B OOpPHOE 3a CUACThE MPOCTHIX JIFOJICH, 32

cJacThe Hamux aetei u BHykoB» M.K. SIHrens.

! Kpacroapmeiickas LlenTpanu3osannas Gu6IHoTeuHas cucTeMa [ DIeKTpoHHsI pecype]: SHrens
Muxamn Ky3emuu. URL: www//library.krasno.ru/pages/kraevedenie/yangel.htm (gata oGparenus:
30.09.2011)
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1. Il;ienapHoe 3aceqanue

Axkagemuk ML.K. SInresn — I'1aBHBII KOHCTPYKTOP paKkeTHO-
KOCMHMYECKHX CHCTeM
Hertsapes A.B., HoBukos A.B.
Kb «tOxHoey, r. [lHenponeTpoBck, YkpanHa

25 okta6ps 2011 roma wucmommsiercs 100 Jer co AHA POXKICHUS
BeIMyckHUKa MAM, BbIialomerocss y4eHOro M KOHCTPYKTOpa pPaKeTHO-
KOCMHYECKOH TEXHHMKH, ocHoBarend u [I'maBHoro koHcTpykTopa Kb
«fOxnoe», nBaxkapl I'epos Conmamucruueckoro Tpynma, maypeara
Jlennnckoil n I'ocynapcTBeHHOM npeMuil akagemuka Muxamna Kyspmuua
Snrens.

M.K. SIHrens 0CHOBOMOJIOXHUK HOBBIX HAyYHBIX HAIlpaBIECHUH B paKeTHOM
TEeXHHKE, Kak [ JIaBHBII KOHCTPYKTOP OH NpUHHUMAI cMedble U 3 dexTiBHbIC
pemenus. Bosrnaisemsnit uM TBopueckuit komekTuB Kb «FOxHoe» BMecTe
c Koomepauueil  CMEKHHUKOB co3zan HECKOJIBKO MOKOJIEHU I
BBICOKOA((PEKTUBHBIX OOEBBIX PAKETHBIX KOMIUIEKCOB M KOCMHYECKHX
CHCTEM, HE HMEWOIUX AaHaJoroB B MHpE, BHEC OIPOMHBIM BKIax B
YKpeIUIeHne MOTyIecTBa 1 000pOHOCTIOCOOHOCTH cTpaHbl. Ha 6a3ze MOmHbIX
n s¢dexTuBHBIX O60eBbIX paker P12, P14, P16, P36M B Coerckom Coroze
Obuti co3maHbl PakerHble Bolicka crtparermdeckoro HasHaudeHuss (PBCH),
CTaBIINE OCHOBOI PaKeTHO-IJEPHOTO mHTa cTpaHbl. Co31aHbl KOCMHUYECKHE
vocutenmn  «Kocmocy u  «Kocmoc-2», ©Oomee 70 pasmUYHBIX THIIOB
KOCMHMYECKHX allapaToB BOCHHOT'O, HAYYHOTO M HAPOJHO-XO35IICTBEHHOIO
Ha3Ha4YeHUs, 3amylleHbl Ha opOuTy mepBble cnyTHUKU cepun «Kocmocy» n
«MHTEepKOCMOCY, TIOJ0KUBIIIIE HAYaJI0 MEXIYHAPOJAHOMY COTPYIHHUYECTBY B
00J1aCTH OCBOEHHUSI KOCMHYECKOTO TIPOCTPAHCTBA.

B pakerax paspaborku KB «lOxHOe» MHOrOo  OpHUTrHHAIBHBIX
KOHCTPYKTOPCKHX M TEXHOJIOTMYECKUX peIIeHUM, HaIpaBICHHBIX Ha
TIOBBIIICHHE TOYHOCTH, HAJEKHOCTH, OOETOTOBHOCTH U 3((EKTHBHOCTH
PaKeTHBIX KOMIUIEKCOB: Pa3AEISIONINECcs] U OpOWTaNbHBIE TOJIOBHBIE YacTH,
JIO>KHBIE IIETH ISl TIPEOIOICHUS IIPOTHBOPAKETHOH OOOPOHBI, MHHOMETHBIN
CTapT TSDKENBIX pakeT U T.A. sl peleHus CIOKHBIX HAayYHO-TEXHHIECKUX
mpo0ieM, CBA3aHHBIX C MX peaM3aluei, B CTpaHe ObUIM CO3IaHBl HOBBIC
Hay4HO-HCCIIEI0BATEIbCKUE HWHCTHUTYTEHI " LeTbIe oTpaciu
npombinuienHocTd. M.K. SlHrens cdopmupoBan MHOTO(QYHKIMOHAIBHYIO
opranuzanonnyio ctpyktypy Kb «HOxHoey», co3man MOIIHYI0 KOOMEparuio
OpeANpUATUNH-Pa3pabOTINKOB  pakeTHO-KocMuYecko — TexHuku.  OH
TIOJIH30BAJICS OOJIBIINM YBRKEHHEM M aBTOPUTETOM Yy 3aKa3uuKa, B HAyYHBIX
Kpyrax, OpraHu3alusax NPOMBIIIICHHOCTH.

M.K. SlHrenr ocraBui riryOOKMH W SIDKHH Cllel B HayKe M TEXHHKE,
SIBIISISICH UICTOPHYECKOH JTMYHOCTBIO, ITOBIHSBIIECH HAa X0 MHPOBBIX COOBITHIA.
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Unen M.K. SHrens, ero MeTosbl paboThl, TEXHUYECKHE PEIICHHs M CETOHS
nomoraror komektuBy Kb «lOxHoe» ocraBaThbesi (uarMaHoOM pakeTHO-
KOCMHUYECKOW OTpacii YKpawHBI, yCHENIHO pa0oTaTh Ha MHUPOBOM pBIHKE
KOCMHUYECKUX YCIyr, y4acTBOBAaTh B PEANM3aLUU KPYIMHBIX MEXKAYHapOIHBIX
MIPOEKTOB, TakUX Kak «Mopckoil crapt», «Hazemuslit ctapt», «lHenp»,
«Iuxnon-4», «Bera», «Taypyc-2» u ap.

PoJib By30BCcKoOIf HayKi B MHHOBAIMOHHOM Pa3BHTHH
JBHMraTejecTpouTebHO oTpacau Poccun
Konmogsxusriit J1.10.

OJIK, r. MockBa
[IImoTun 10.H., Bypos M.H.

HITO «Carypn», . PeiOuHcK

ABuna/BUTaTeNIeCTPOCHHUE, SBISSICH OJHOM M3 CaMbIX HAayKOEMKHX
oTpacieif, BO BCEM MHpE SBISETCS JOKOMOTHBOM HHHOBAIIMOHHBIX
pa3paboToOK IO CaMOMy INHPOKOMY CIHEKTPY HamlpaBlIeHHWH OT Ta30BOii
TUHAMUKA 10 MaTepPHaJOBEACHHUS, TEXHOJOTUU M dJIEKTPOHUKU. VIMEHHO 1Mo
ATOMY, YCHEX B CO3JaHUH HOBOTO MPOAYKTAa BO MHOTOM 3aBHCHUT OT HATTHUHS
COBPEMCHHOM METOIOJIOTHA MPOEKTHUPOBAHUS, TEXHOJIOTUIECKUX
MIPOM3BOJICTBEHHBIX MPOIECCOB M HAYYHO-TEXHHYECKOTO 3afefia 10 y3JaM |
CHCTEMaM JIBUTATEIIs.

Monemsnsbiit psin OHK, obecnieunBaronmii OCHOBY OM3HECa MPeIIpUsATHHA
KOpHOpalMy, CO3JaH B OCHOBHOM Ha 0a3e Hay4HO-TEXHHYECKOTO 3ajelna
pa3paboTaHHOTO B KOHIIE mporiuioro crojerus (apuratenu J[-30KY/KII, AJl-
31®, P/1-33 u ux MomuduKaIvm).

K HOBBIM mpojsyKTam, KOHKYpPEHTOCHOCOOHBIM Ha TJIO0AIFHOM pBIHKE
clelyeT OTHECTH, Mpexae Bcero: ABurarenb SaM146 co3naHHBIM HAy4YHO-
MIPOM3BOJICTBEHHEIM 00BenuHeHneM «CaTypH» COBMECTHO C KOMITaHUCH
Snecma, koTopsrit nomyunn ceprudukar EASA 2010 roxy, nzgenne 117 ons
camorera T-50, a Takxke 0a30BBIN ABHTATENh A YIEOHO-TPCHUPOBOUHBIX U
nerkux 00eBbIX camoneToB AJI-55.

YcnemrHoe BBIIOTHEHHE JTHX MPOTPaMM CTajJ0 BO3MOXKHO 3a CUET
peanm3anmy  KOMIUIEKCHOH  HMHHOBAIIMOHHOW  TOJHUTHKH,  KOTOpas
3aKJI0Yaach B Pealn30BaHHBIX MHHOBAIMAX B MpoIleccax MPOSKTUPOBAHMUS,
TEXHOJIOTHYECKOHW IMOJTOTOBKM MPOU3BOJCTBA, M3TOTOBICHUS MPOAYKLHUH H
MOCJIENPOIAYXKHOTO 00CITYKUBAHHSI.

Peanuzanus npyrux xmoueBbix npoektoB OJIK, a umenno I1/1-14 qis MC
21 u I ansa 2-ro srana [TAK DA, koTopbie TOMKHBI COCTaBHUTH OCHOBY
MIPOYKTOBOTO Psijia POCCUICKON JIBUTATEIECTPOUTENBEHON OTpaciy, TpeOyroT
KOHCOJMIUPOBAHHBIX YCHJIMHA BCEH OTPAciH, BKIOYAs KOHCTPYKTOPCKHE,
MPOM3BOJICTBCHHBIC TPEANPUATHS, HAayYHble WHCTUTYTHL. OIHUM W3
OTIPENIEIIAIONINX WHHOBAIIMOHHOE pPa3BUTHE OTpacid (HaKTOPOB, SIBIACTCS
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MIOBBIIIEHHE Ka4yecTBa IOJTOTOBKU cleluanucToB. CyllecTBEHHBIN BKIIAT,
KaKk B IMOJrOTOBKY HEOOXOIUMBIX KaJpOB, TaK W B CO3JaHUHM HAYYHO-
TEeXHUYECKOTO0 3ajiela, MOXKET 0Ka3aTh Pa3BUTUE HAyYHO-HCCIEOBATEIBCKOM
JeITeNIbHOCTH B BEAYIIMX Yy4eOHBIX 3aBeneHuss Poccum. Heobxommmo
3aMEeTHUTh, YTO B Halllel CTpaHe BY30BCKas HayKa BCerJa HaXOAWIACh B TCHU
aKaJleMHYECKOH M OTPAclIeBOM M €€ PONb B CO3JaHWM WHHOBALMHA B OTIMUHE
ot CIIIA ctpan EBpocoro3a Opl1a HeJoOIIeHeHA.

JIJIsl TIOBBIIEHNST KAUeCTBa ITOATOTOBKH CIIEIMAIMCTOB U PO BY30BCKON
HayKd HEOOXOAMM KOMIUIEKCHBI TOAXOZA, BKIIOHYAIOMMI B  ceds
MIPUBJICUEHNE CTYACHTOB M TperojaBaTeneil By30B K JEATENBHOCTH IO
temaruke mnpenmpusatuii  OJIK, memeByro MOOrOTOBKY  CTYICHTOB,
CTUMYJIUPOBAaHHE HCCIIEJOBATENECKOM paboThl MOCPEICTBOM  CHCTEMBI
TPaHTOB U KOHKYPCOB HaY4HBIX M HHXEHEPHBIX Pa0OT CTYACHTOB U MOJIOJBIX
CIeNHaNIuCTOB. Peamu3aiys STHX HporpaMM B HACTOSIIEE BpeMs YCIEUIHO
Benerca B pamkax npennpusatuii OIK u KoprnopaTtuBHoro ynuBepcureTa
OIIK «O60opoHITpOMY.

Pakerunk M.K.SInrens — Boixogen 3 HUN-88 (HHUMNMALILI)
PaiixynoB I'.T".
IIH1Mmam, r. Kopones

IIpoexT UHTepreano3ons Aas ucciaegopanus ConHua u resmocdepsl
Ky3znenos B./I.
N3MUHPAH, r. Tpounk

TeHaeHUMN PA3BUTHUS CHCTEM IHEPIrOCHAOKEHUS] KOCMHYECKHX
anmapaToB
Cemenkun A.B.
Hentp Kengpima, r. Mocksa
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2. Cexuust KABHAIIMOHHBIE CHCTEMBD)

O0 0co0eHHOCTSIX MPOCTPAHCTBEHHOI0 IBHKEHHs] MaHEBPEHHbIX
€aMoJ1eTOB, HMEIOIIHMX MACCOBYIO M 23POAHHAMHYECKYI0 HECHMMeTPHIO
Bepemukos /I.B., Tuxonos B.H., Bepemarun 10.0.

BANY, r. Boponex

Cpenu Bcero MHOT00Opasnsi KpUTHYECKUX PEKUMOB T0JIETa 0C000€ MECTO
3aHUMAIOT  ClIyyaW  a’pOMHEPLUHOHHOTO  BpAIIEHHS,  BBI3BIBAEMOTO
3HAYUTEIHHBIM B3aHMMOJICHCTBHEM IPOJOIBHOTO M OOKOBOTO JIBIKCHHH IpH
SHEPrUYHBIX, CBOMCTBCHHBIX MAaHEBPEHHBIM CaMOJIETaM, BPAIICHUAX IO
KkpeHy. CyIIecTBYIOT M YCIEIIHO NPHUMEHSAIOTCS aHAINTHYECKHE METOJBI
HCCIIEIOBaHNUSA TaKWX pPEXKUMOB. lIpm 3TOM paccmMaTpuBaeTcs IOHATHE
KPUTUYECKUX CKOPOCTE KpeHa IMpH JOCTIKEHHUH KOTOPBIX CaMOJIeT TepseT
YCTOMUMBOCTh B NPOAOJBHOM WJIM IYTEBOM KaHanmaxX. JIormka mosryuyeHus
AQHATUTUYECKUX BBIPAKEHUM JUIS ONpeAesieHHs MapaMeTpoB JBHKECHHUS
camoleTa B YCIOBUSAX a’POMHEPLIUOHHOIO BPAILEHHUS ONUPAETCS Ha Pl
MIPEIIOTI0KEHUI:

- a’poAMHaAMMUECKasi KOMIIOHOBKA SIBJIIETCS YCTOMUUBOM IO YIITy aTaky,

- BO3MOXKHO (YHKIIMOHMPOBaHWE  YCTPOWCTB,  YJIyYIIAIOUINX
XapaKTEePUCTUKN YCTOMYMBOCTH 1 YIPABJISIEMOCTH;

- caMoieT B MaccoBOM M a’pOJAMHAMHUYECKOM OTHOLICHUH SBISETCS
CHMMETPHIHBIM.

B coBpemeHHOI IIpakTHKE MPOEKTHPOBAHUSI MAHEBPEHHBIX CAMOJICTOB BCE
yare NpUMEHSIOTCS HEYCTONYHUBbIE KOMIIOHOBKH, a YCTOWYHBOCTh CaMmoJieTa
obecrieunBaeTcsi MPUMEHEHHUEM CHEHUAIbHBIX AJITOPUTMOB OTKJIOHEHHMS
PYJEBBIX MOBEPXHOCTEH B KOMIUIEKCHBIX cHcTeMax ympasieHus. [Ipu stom
ABTOMATHKE JAOBEPSAIOTCS MOJHBIE YINIBI OTKJIOHEHUS pyJel, KOTOpbIe AaJIeKo
HE BCErZla COOTBETCTBYIOT INOJIOKEHMSIM KOMAHIHBIX PhIUaroB YIpPaBIECHUS.
Kpome TOro, obOpa3oBaHMEe HECHMMETPHYHOW KOH(UTYpalld BHEIIHUX
MOJJBECOK B CIIIy OONBIIOrO MX pa3HOOOpasws M BapHaHTOB INPUMEHEHHS
CTaHOBHUTCS 9acTOH cuTyarel. [IpakTika JeTHBIX UCTIBITaHN COBPEMEHHBIX
MaHEBPEHHBIX CaMOJIETOB C KOMIUIEKCHOH CHCTEMOH  yHpaBIICHHS
CBHJICTENBCTBYET O BO3MOXKHOCTH PEIH3AINN KPUTHIECKUX PEKUMOB
a3pPOMHEPLIMOHHOTO BPAIICHUS, COMPOBOKAAIOIINXCS BHIXOJIOM CaMoJjIeTa Ha
OoupIMe YIIIBI ATaKW B SKCIUTyaTallMOHHOM oOsiacTu pexuMoB moneta. [Ipu
STOM 3alac YIMpaBiAIOIIMX CHJI UM MOMEHTOB B 3HAYUTEIHHOH CTeNeHU
CHIDKEH 3a CUeT pacxoja pyJiel Ha obeclieueHne YCTOHYMBOCTH caMoJIeTa.

[NepeuncnenHble 0COOEHHOCTH MPHUBOAAT K HEOOXOJUMOCTH Pa3padOTKH U
NPUMEHEHNUS AaHAJTUTUYECKUX BBIPAXEHUH, KOTOPbIE HAl0T BO3MOXHOCTH
OIEPE’KAIOIIEro OLIEHUBAHMSA XapakTepa IPOCTPAHCTBEHHOTO JBHKEHUS
caMmojieTa C YYeTOM JIOTHMKH (YHKIMOHHUPOBAHHS CUCTEMBI YIIPaBICHHUS,
MaccoBOH W a’pOAMHAMUYECKONW HECUMMETpHH. [Ipm 3TOM BaXHO YTOOBI
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IIPUMEHSIEMbI MAaTEMaTUYECKUH ammapaTr II03BOJIAJ OLIEHHWBATb TI'PAHMILIBI
3HAYEHUH HKCIUTyaTallMOHHBIX (JaKTOPOB M KHHEMAaTHUECKHX I1apaMeTpoB
JIBIDKCHHUS CaMOJIETa, B KOTOPBIX IMIOTAKHBIE XapPAKTCPUCTUKUA HeE
CHIDKAIOTCSI HIDKE 33JJaHHOr0 0€30I1aCHOCTBIO I0JIETa YPOBHSL.

Mo0OuIbHBIH KOMILIEKC HA 0a3¢ JUCTAHIMOHHO-NTUJIOTHPYEMOro
anmnapaTa BepToJIETHON cXeMbI
HesixonoB JIA., 3aBanos O.A., Moposos I.E., Typxun N.K.
MAMWU, r. MockBa

ITpeanockIIKN NPOEKTHO — KOHCTPYKTOPCKUX padoT.

B MockoBckom aBuanmoHHoM uHCTUTYTe B Kb «lckarenmb» kadenps
«ABHALMOHHBIE U PAKETHBIE CHUCTEMBI» MPOBOISITCS PabOTHI MO CO3IAHUIO
JUCTAHIIMOHHO - MIJIOTHPYEMBIX JieTaTenbHbIX ammapatoB (IITIA). Oxaum
u3 Beaymmx HamnpaBieHuit Kb «Mckarens» crajma 3amaua coslaHus
OIlEpaTHBHOTO KOMIUIEKCa Ha 0a3e OeCHMIOTHOTO ManorabapuTHOTO
BepToJIETA JUIS IIMPOKOTo Kpyra norpeduteneil. B HacTosiee Bpems riiaBHast
3amada Kb — 3T0 co3maHme BBICOKOTEXHOJOTHYHOTO, HaA&KHOTO W
HEOpOroro Kak B MNPHOOPETEHWH, TaK W B OKCIUTyaTallMd HOCHTEIS
IIMPOKOTO CIIEKTpa LEJICBOH anmaparypsl. J{NCTaHIMOHHO — MUIOTHPYEMBIN
BEPTOJIET — MHOTOIIETICBOI HOCUTENH C B3IETHOW Maccoif 48 KI M3rOTOBJICH B
2010r. u mpommén rocynapcTBeHHbIe uenbitanusg B 201 1.

Hcxonst 3 TpeGoBaHNS pallMOHATIBHOCTH U MOIYIEHHS TapaHTHPOBAHHOTO
pe3ysbTaTa MHUHHMAJIBHOTO TEXHHYECKOTO PHCKa, pa3paboTdynkamu ObLia
BbIOpaHa a’pojIMHAMHUYECKas CXeMa OJHOBHHTOBOTO BEpPTOJIETA C PYJIEBBIM
BUHTOM, Kak HauOoiiee BBIFOJHAs C TOYKU 3PEHHS CHIDKEHHS CTOMMOCTH
KOHCTpyKIMH U ajgantupyemoctd [IIIB  k yxke cymecTByrouen
9KCIUTyaTallMOHHOW HMH(PACTPYKType B YacTH HPOrPAaMMHOIO MPOJIYKTa,
MTUIOTKHBIX TPEHAXKEPOB, HMCCIECAOBAHWN IWHAMHUKN TIONETa W HATHUIHA
MTOJTOTOBJICHHBIX ITHIOTOB.

B ornuume or Bcex u3BectHbix /JIIB Ha BepTonére ans yCTaHOBKH
JOPOTOCTOSIIEr0 000pynOBaHHUA (AaBTOIMJIOT, ONTHYECKas CHCTEMa Ha
ruporiatopme U Ap.) B KOHCTPYKIMHU IIPEAYCMOTPEHBI 30HBI TTOBBIIICHHON
0e30MacHOCTH. DTO 3HAYHUT, YTO IPH TPYOOH HITH aBapHITHOM MOcaKe U Jaxe
aBapHH DJIEMEHTHI KOHCTPYKIIUH 3alIUTSIT JOPOroCTosiiiee 000py10BaHHE.

Bubpanuu ot Hecymiero BUHTa Ha BEpPTOJIETE NMPAKTUUYECKH OTCYTCTBYIOT
6nar0)1ap;1 OpHFHHaﬂLHOﬁ KOHCTPYKIIUM W TEXHOJIOTUH H3TOTOBJICHHSA Bajla
HECYIIETO BUHTA.

VYcraHOBKa HEOOCTy)XKHBaeMOW 3y0uaTo-peMEHHOW Tepenadd IO03BOJIHIIA
CHHU3UTHh B HECKOJBKO pa3 JWHAMHUYECKHE HArpy3ku B KOHCTPYKIIHMH, YTO
YBEIMUYUIIO BECOBYIO OT/Iady BEPTONIETA.

OTnuuuTensHas — 4epra  CHCTEMBl  yNPaBICHUST —  OTCYTCTBHE
B3aUMOBIIMSHHS 110 KaHaJlaM YIPaBICHHS HECYIIMM BHHTOM W AKTHBHOE
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pe3epBUpOBaHUE CEPBOIIPHUBOIOB B KaHajaX YIpaBieHHA. Brixon u3 crpos
CEpBOIPHUBOJIA HE IPUBOJUT K aBapUH.

IIpoBenénnsie B 2011r. rocynapcTBeHHBbIE JIETHBIE UCIBITAHUS BEPTOJIETA
MOKAa3aJIi MOJHOE COOTBETCTBHE NPUHATHIM NPOEKTHBIM MOJIOKEHUSIM H
Pacu€THBIM JIETHO-TEXHUYECKUM XapaKTepPUCTUKAM.

AHau3 cxeMbl IOCTPOCHNS HEIIPOHHOM CeTH HA OCHOBE NMPOCTHIX
aJJaliTUBHBIX 3JIEMEHTOB B 3a/1a4yax 00padoTku uHpopmManumu B
ABHAIMOHHBIX M KOCMHYECKHX CHCTEMax
Edumos E.H., llleerynos T.51.

MAMW, r. MockBa

JlaHHast paboTa TOCBSIIIEHA BONPOCY IOCTPOCHUS HCKYCCTBEHHBIX
HEHPOHHBIX CceTell B (hOpME CHUCTEM, COCTOSIIMX W3 MPOCTHIX aJalTHBHBIX
9JIeMEeHTOB. Takue ceTH MOTyT OBITh HCIOJB30BaHEI B 337adyax 00paboTKH
WHQOPMAIMOHHBIX CHTHAJOB B Ha3eMHBIX M OOPTOBBIX KOMIUIEKCaX
aBHAIlMOHHBIX W KOCMHYECKHMX CHCTeM. B wucciemoBarenbckux paborax
JAHHOTO HAIpaBJIECHUs MPUHATHI IBa OCHOBHBIX METOOJOTHYECKUX MOAX0AA
K  ONWCAHUIO  IIPOIECCOB  HeiipoceTeBod  00pabOTKM  CHUTHAIOB:
MaTeMaTH4ecKui, OCHOBAaHHBIH Ha ONWCAHHM CETH B  TEpMHHaX
(YyHKIMOHATHHBIX MPE0Opa30BaHUM, 1 CHCTEMHBIH, IPEICTABIAIONINNA CETh B
¢dopMe B3aMMOJEWCTBYIOIIMX IOJCHCTEM, B KOTOPBIX IPOUCXOIMT
mpeoOpa3oBaHNE BXOAHBIX CHTHAJIOB ¥ CHTHAJIOB. B maHHO# pabote
UCTIONIb3YeTCs CUCTEMHBII MOAXO0J, HA OCHOBE KOTOPOTO CO3/laHa METOJHKA,
npejmnoJaramomias pa3oueHne Bceill HEHPOHHOW ceTH Ha OJIOKM MPOCTHIX
aJIalITUBHBIX AJIEMEHTOB. AJANTUBHBIC 3JIEMEHTHI BRITOIHSIOT ONpE/IEeICHHBIE
(yHKIIMOHATIBHBIE TpeoOpa3oBaHMsl HaJl BXOJHBIMU CHI'HAJIaMH, T'€HEpHpYs
IIPY 3TOM TpeOyeMble BBIXOAHBIE CUTHANBL. Takue 3JIeMeHTHl He 00513aTeNbHO
SIBIISIFOTCST KITACCHYECKUMH HEHpPOHAMH — 3TO MOTYT OBITh JIIOObIE CHCTEMBI,
YIOBJIETBOPSIIOLIHE TPEOOBAHUSIM MOJENH, T.€. CIIOCOOHBIE TIPOITYCKaTh Yepes3
ce0s1 OCHOBHOW CHTHAJ HPH HPSMOM HPOXOXKICHWH M CHTHA OIIMOKH IpH
00paTHOM IPOXOKICHUN.

B kauectBe mpumepa B paboTe MpPUBEACHBI PE3yIbTAThl PEIICHHUS JBYX
3aja4d: 3aJaddl anmnpoKCHMAaIlMMd CHTHala M 3afadd Kinaccudukanuu. B
Ka4€CTB€ HUCXOAHOI'O CHUTHala JIA 3aJadyr almnpOoKCHUMaluHu HCIOJb3YyCETCA
MOJIEIb PaIMOJIOKAIIMOHHOTO OTKJIMKA: CYNEPIIO3HIUs UMITYJIbCOB B (hopme
¢bynkupn ['aycca ¢ pa3nmuuHBIME MMapaMeTpaMd aMILIMTYIbl U BPEMEHHOW
3aJiep’KKH, HaOJltogaeMas B TPUCYTCTBHM aTUTHBHOTO IIyma. 3ajada
KJIacCU(UKAIMK 3aKITI0YaeTcs B OTHECEHWH HAOJIONaeMBIX IaHHBIX K
OHOMY U3 JBYyX KJIAaCCOB, OIMHCBHIBAIOUINX KOMIUIEKCHBIE HOpPMAaJIbHBIE
CITyJalHBIE MTPOIIECCHI ¢ PA3INYHBIMU CPEIHUMH U JUCTIEPCHIMH.

BaXHBIM TIPakTHYECKHUM pPE3yJIbTATOM HACTOSIIEH pPabOTHI SBISIETCS
pa3pabOTaHHBIH IPOTOTHN TIPOTPAMMHOTO O0ECHEYEeHHUS, BKIIIOYAOIINI
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OMOMMOTEKY KIIAacCOB  QJIalTUBHBIX  3JeMeHTOB. Lepapxusi  KiaccoB
pazpaboTaHa C HCIOJB30BAaHMEM HOTAIlMM  YHHUBEPCAJBHOTO  S3bIKA
mozaenupoBanuss UML, a B KadyecTBe sI3bIKa MPOrpPaMMUPOBAHMS Uil €&
peanm3anuy  BBIOpaH BBICOKOYPOBHEBBIH s3BIK Python ¢ pa3BUTHIMU
BO3MOXHOCTSMHU 00BEKTHO-OPHEHTHPOBAHHOTO MIPOTPaMMUPOBAHHUSL.
JaHHBI TPOTOTHII HWMEET CPEACTBA HWHTETPAIMM B COCTAB CHCTEMEI
KOMITBIOTEpPHOM MaTeMaTUKu Sage, UCHONB3YySl €€ BO3MOXXHOCTH JJIst
BH3YaJIM3allil BCEH HEOOXO0aMMOI MHPOpMAITUH B TIporiecce 00yUeHHsI CeTH.
[IpoBenennoe c HCTIOJIH30BAHNUEM pa3paboTaHHOTO MIPOTOTHIIA
MPOTPAaMMHOTO  OOECIICYeHUsI UYWCIEHHOE MOJEIUPOBAHHUA  ITO3BOJIIIO
HCIOJB30BaTh BCE OCHOBHBIE IPEHMYIIECTBA CHCTEMHOTO MOAXOJa K
HCCIICIOBAaHMIO MPOIIEIYp HEUPOCETeBOI 00pabOTKH.

HeiipoceTeBbie MeTOIbI 00HAPY:KEHHUS 0TKA30B JATYHKOB
U npuBoaoB JIA
Ko3znog JI.C., Tromenues 10.B.
MAMU, r. MockBa

Lenpto paboTHl SBISETCS MOCTPOSHHE HEMPOCETEBOH CTPYKTYPHI IS
OOHapY)KEHHs OTKAa30B JAATYMKOB YIJIOBBIX CKOPOCTEH M IIPHBOJIOB OPTaHOB
yIpaBiIeHus JieTaTenbHoro ammnapata (JIA).

OCHOBHBIMHU 3TanamMu OOHAPYKEHHS OTKa30B SBILSIFOTCS MX BBIABICHUE U
KIacCU(pUKaIMs, TO €CTh NPHUHATHE pPEIICHHS O BO3HUKHOBCHUH,
JIOKaJIM3alys, ONpe/eieHue BHIA, U CTENIeHN TSDKECTH OTKa3HOM CHTyallHu.
HpHHHTI/Ie peuicHusA 0 BO3BHUKHOBCHHUU OTKa3HOM CUTyalluu MPOUCXOAUT I1O
COIOCTABJIEHHUIO TEKYIIETO U MPOTHO3UPYEMBIX (ha30BBIX COCTOSIHUI 00BEKTa
ynpaenenus. s momydeHust (a3oBBIX COCTOSHHH HEOOXOIMMO PpEIIUTh
3ajady uAeHTH(UKanuu o0bekTa ympasineHus. B pabore wucnonb3yercs
TOJHAs HEJNWHEeWHass MOJENb [JBIDKCHHS MaHEBPEHHOTO  caMoJeTa-
uctpedurens F-16 B xadecTBe 00BeKkTa yrpaBiieHUs. [ pemieHus 3amgadu
WACHTH(UKAIUN HEJIWHEHHOW JMHAMHYECKOW CHCTEMBI IIpeyiaraercs
HCIOJTB30BaTh HEMMHEWHYI0 aBTOperpeccnoHHyro cerh THma NARX ¢
BHemHUMHE Bxomamu (Nonlinear autoregressive network with exogenous
inputs). OOyueHHE CETH OCYIIECTBISIETCS C IOMOIIBIO PACIIMPEHHOTO
anroput™Ma obOparHoro pacnpocrtpaHenus omuOku (Extended Back-
Propagation  Algorithm, EBPA). Ilpumenenne EBPA  mno3zBomser
HCIIOJIB30BAaTh IJIA I/I[[CHTI/I(i)I/IKaHI/II/I TE€TCPOTCHHLBIC MHOT'OCJIOMHBIE CETH C
3ajepkkamu. HelipocereBass CTpyKTypa BBISBICHHMS OTKa3HBIX CHTYaIlHi
MO3BOJISIET B KaKIBIA MOMEHT BPEMEHH OIIEHWBATh OCHOBHBIC MapaMeTphl
00beKTa yIpaBJIeHHs. DTO JAaeT BO3MOXXHOCTh HCIIOJb30BaTh OJHHU M TE e
HEHpOCeTeBBIE CTPYKTYPHI JUIS BBISBICHHUS OTKAa30B JATYMKOB M IPHBOJIOB.
Jlokanu3anusi OTKa30B JaTYMKOB peajn30BaHa B BHIEC HEHpOCeTeBOH
CTPYKTYPBI, KOTOpast MOAEINPYET CXeMy C pe3epBHpPOBAaHHEM NaTIHKOB JIA.
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JUid Kaxaoro naTyMka CTPOWUTCS MOJIENb, MO KOTOPOW OIICHHBAETCsS €ro
¢ynkuponupoBanne. C  MOMOIIBIO — TpeoOpa3oBaHMM  TEKyWero U
MIPOTHO3UPYEMBIX 3HAUYEHUH YIIOBBIX CKOPOCTEM MPOM3BOAUTCS IMpPOBEpKa
TUIOTE3bl O TUIE U CTENEHU TSKECTH OTKa3HOM cuTyanuu. Jloxamusamus
OTKa30B TIPHBOJIOB OCHOBaHAa Ha aNNPOKCHUManuy (QYyHKIUM B3aUMHOU
KOpPpEeJSIIUN MEXAY YIIIOBBIMH cKopocTsamu JIA. MozgennpoBaHne OTKasa
NpHUBOJAa  OpraHa  yNpaBiI€HHs  OCHOBAaHO  HAa  HOJMHOMHAIBHOU
amnMpoKCHMAIMM COOTBETCTBYIOUIMX adpPOAMHAMHYECKUX KO3 (HUINECHTOB.
IIpn paznoxeHUn BBIAETAIOTCS MapaMeTpbl, KOTOPbIE XapaKTEpU3yIOT THI H
CTEMNEHb TSHKECTH OTKa3HOW cuTyanuu. [lo 3TuM mapamerpam IpoOM3BOAUTCS
MIPOBEPKA COOTBETCTBYIONIEH TMITOTE3BI O TUIE U CTETIEHH TSKECTH OTKa3HOU
CUTYyaIlHU.

Peanuzanus anropuTMOB HpOM3BOAMIACH Ha 0a3ze IMakeTa MPUKIATHBIX
nporpamm Neural Network Toolbox cucremer MATLAB. Pesyneratom
BBIMOJITHEHHOM  paboTbl  sBisieTcss  HAOOp  HPOrpaMMHBIX  CPEICTB
MoJenpoBaHus paboThl JIA, 3amanust 1 0OHapy)KEHHs OTKa30B JaTYMKOB U
MIPUBOJOB.

Pabora BrImonHeHa mpu QUHAHCOBOH momaepkke MunoOpHayku PO mo
mpoekty Ne 14.740.11.0997 B pamkxax OLII «Hayunsle u Hay4HO-
negarormyeckue Kaapsl ”HHoBaunoHHoU Poccun Ha 2009-2013 rogsy».

MeTo1 KOMIIEKCHOT0 aHAJIN3A 32/124 CAMOJIETOBOK/IEHUS IPH
NPOBe/ICHUH JIETHBIX HCIIBITAHMI
Kyumos H.JI.
Asnarnuonnsiid komiuieke uMm. C. B. Mnsrommunaa, r. MockBa
bapauna JI.M, Xapun E.I'., fcenok A.B.
JINU um. M.M. I'pomosa, r. )KykoBckuii

B Hacrosimee BpeMsi pa3BUTHE CHCTEM OOPTOBOW ABHOHUKH SBISETCS
OJJHUM W3 HauOoJiee IMHAMUYHBIX HAIPaBICHUH COBEPIICHCTBOBAHHS
ABHAIIMOHHON TEXHUKH. DTO CBS3aHO C BHEAPEHUEM KOHIIEIIINH OCTPOCHHUS
MIEPCIIEKTUBHBIX CHUCTEM CBSI3H, HABHIALlMM, HAOMIONEHHS M OpTraHH3alUH
Bo3aymHOTO ABIKeHHsT CNS/ATM m Bo3pocmMu  TpeOOBAHUSAMH K
PEIICHHUIO 33124 CAMOJICTOBOKICHUSL.

OneHka  TeXHHYECKHX  XapaKTEPUCTUK  HOBOTO MHJIOTaKHO-
HaBUT'allUOHHOI'O 060pyI[OBaHI/I$[ N ONpE€ACTICHUC CTCIICHU €0 COOTBECTCTBUA
3aJ]aHHBIM TaKTHKO-TEXHUYECKHM TPEOOBAHUSIM OCYILIECTBIISIETCS B MIPOLIECCE
JIETHBIX HCIBITaHUH. [IpoBeneHHe JETHBIX WCHBITAaHWH MO OIIEHKE 3ajaad
CaMOJICTOBOXKJICHUS TPeOyeT pa3BUTUSI METOANYECKOTO M TEXHOJIOTHIECKOTO
o0ecrieueHns] HCIBITAHUH, pPa3padOTKe HOBBIX IOJIXOJOB K OpraHM3alid
WCTIBITAHUH W aHaIM3y WX pPEe3yJbTaTOB. OJTO CIEXyeT W3 3HAYNMOCTH
nporecca UCTIBITAaHKI B 00LIEM [IUKJIe CO3/IaHUs ABHALIMOHHOW TEXHHUKH.
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[oBbiienne  3(PGEKTUBHOCTH TMPOBEICHHS JIETHBIX IKCIICPUMEHTOB
BO3MOYKHO 3@ CYET HCIIOJIb30BaHHMS COBPEMEHHBIX CPEICTB IPOBEIACHUS
WCIBITAHUN, KOTOPBIC OCHOBAHBI HAa CIIyTHHKOBBIX W KOMIIBIOTCPHBIX
TEXHOJIOTUSX, a TAK)Ke KOMIUIEKCHOTO aHAJIM3a IMOJIyYCHHBIX MAaTCPHAIIOB, C
COBMECTHBIM  y4YacTHEM  HWHXKEHEPOB M  JICTYUKOB-HCIIBITATEICH.
KowmruiekcHblit aHami3 obecreunBaeT 00beIMHEHHUE:

neTHON  (MPOBOJMMOM  JKUMAXeM  JIETYNKOB-UCIIBITATENEH)  OIICHKU
MPAaBUIILHOCTY BBIMOJIHEHUSI 337a4 CaMOJICTOBOXKJCHHUSI HAa BCEX JTamax
MoJIeTa U YPOBHSI )PrOHOMUYECKUX PEIICHNUH;

MOCJIEHONIETHOW WH)KSHEPHOW OLICHKH M aHAJIN3a TOYHOCTH PEIICHHS 3313
HaBUTAllMK W CaMOJICTOBOX/ICHHS, JPrOHOMHYECKOH OLEHKH KaOWHBI U
PpabOoTHI SKHITAXKa MIPU BBITOJHCHHUH 33134 CaMOJICTOBOKICHUS.

[IpuMeHeHHe KOMIUIEKCHOTO MOAXO0Ja I0Ka3aHO Ha MPHMEpe JIETHBIX
WCIIBITAHUN MOJIEPHU3MPOBAHHBIX CaMOJIeTOB ceMelicTBa Un-76: Un-76MO,
Un-76TO-90BJ, Un-76M/1-90. Kak mnoka3zanu npoBeAE€HHbIE HCIBITAHUS,
MPUMEHEHHE KOMIUIEKCHOTO METO/a TI03BOJIACT TMOBBICHTh 3aYeTHOCTH
HCIIBITATEIBHBIX TIOJIETOB W OOBEKTUBHOCTh MOJIYYaeMBIX PE3yJIbTATOB,
CHH3UTh KOJIMYECTBO MOJETOB M CPOKH MPOBEICHUS UCTIHITAHHH.

Bausinue cTpyii 0T BUHTOB Ha a3POAUHAMUYECKHE XaPAKTEPHCTHKH
JMPUKAa0as BOJIM3M IKpaHa
Jle Kyok [Tunb, CemenunkoB H.B., SIkoeneBckuii O.B., Yan Kyanr J{pik
MAMWU, r. MockBa

Llenpto maHHOM pabOTHI SABJIIIOCH MCCIEAOBAHHE adpOJMHAMUYECKUX
XapaKTEePUCTUK TUPIKAOIS KIACCHYECKON CXEMBI ¢ padOTalONIMMU BUHTAMH
BOJIM3M DKpaHa B CIIOKOMHOW arMocdepe W IpU HalIW4uud OOKOBOTO BETpa,
HaTEKaloIlero Ha JUPHKa0IIb.

HccnenoBanus mMpoBeeHbI IPH yIIax aTakW JTUpHkaodis o = 0, yrmax B =
0...180°, xapakTepu3ylOIIMX HalpaBl€HUWE BETpa IO OTHOLIEHUIO K
TIPOIOTIBHOM OCH TUPIIKAOIIA, OTHOCHTENBHBIX PAcCTOSHHUAX LIEHTpa 00bemMa

000moukH (KopIryca AUprKaOis) 0 dKpaHa H=H /D = 0,071...10, rne

D - nuaMeTp MHIENeBOro cedeHus 00osnouku. Ymcina oOOpOTOB BHUHTOB
usMeHsutuch B mpenaenax n = 500... 3000 o6/mun. ITpu 00ayBKE AUPHKAOIT
BETPOBBIM [TIOTOKOM HM3Y4aJIOCh TOJIBKO BIIMSHUE ITIOCTOSHHOM COCTaBIIAIOLIEN
BETpa, U3MEHSIOIIEHCS 10 BHICOTE HaJl SKPAHOM 0 CTENIEHHOMY 3aKOHY.
PaccmatpuBacst tupmkadip ¢ yIuIMHEHHEM 000JI04KH A = 4, TOHIOJIOH U

ABYMs JIBYXJIOMIACTHBIMU BUHTAMU C OTHOCUTCIIBHBIM JUAMCTPOM d B dB/D

= 0,153, PacCIlOJIOKEHHBIMU BOIM3H TOHIOJIBI CUMMETPHUYIHO OTHOCUTCIBHO
0a30BOH IIOCKOCTH Z[I/IpI/I)Ka6J'I$I. IInockocth BpalicHus BHUHTOB ObLIa
napaJuiejibHa HpO,I[OHLHOﬁ ocu 00010ukHu. Mx PACIOJIOKEHUE OTHOCUTCIIBHO
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000JIOUKH OIIPENeIsUIoCh MapamMeTpaMHu: Z =b, / D = 0,505 ZZZB/D =

1,62; h, = hyD = 1,359, rae b, - mOIEPeYHOE PACCTOSHHE MEKLY OCSMH
BUHTOB, /[, - pacCTOsSHHE Ocell OT HOCKa O0OJIOYKH, /1, - pacCTOSHHE OT UX
LEHTPOB 10 TPOAOJILHON ocu ob6osouku. KoHcomn onepeHust nuprxaOis
ObLTH OPUEHTUPOBAHBI OTHOCHUTENILHO €ro 0a30BOM IIOCKOCTH TI0 CXEME «X).
Py OTKIIOHEHBI HE OBLITH.

Jlis pelieHuss 3a/a4d  MCIOJIB30BAIUCH OCPEIHEHHbIE MO PeiHOIbaCY
ypaBHeHns HaBre-Ctokca, 3aMKHYTBIE Monenblo TypOymeHTHOCTH «SST £-
®». UYuclIeHHOe pelIeHHEe OCYIIECTBISUIOCh C  MOMOIIBI  METoja
KOHTPOJIbHBIX 00BEMOB. PacdeTsl ObLTH BBIMOJIHEHBI C TOMOIIBI0 KOMILIEKCa
BBIYUCIUTECIIBHBIX IIPOTrpaMM, COJACPIKAIIUX aJallTUPOBAHHBIC aBTOpaMH K
MOCTaBJICHHO! 3agade mporpamMMbel Gambit u Fluent, a Takke cnenuaibHbie
poTrpaMMbl aBTOPOB JJIsl TMPOBEICHHMS, aHaIH3a, 0OpabOTKH W 000OIICHHUS
PEe3yIIbTaTOB YHCIEHHBIX PacCUETOB.

B pesynapraTe MpOBENEHHBIX HCCIEAOBAaHUN OBUIM  YCTAHOBIICHBI
0COOEHHOCTH CTPYKTYp OOTEKaHHWs 3JIEMEHTOB TUPIIKaOis ¢ paboTaromumu
JBIDKUTEISIMH M PAclpoOCTPaHEHUs] CTPYH OT BUHTOB BOJHM3HM HKpaHa.
Haiinensl 3akOHOMEPHOCTH U3MeHEHHs KO3(D(DUIMEHTa TATH BUHTOB, a TAKKe
K03()(DUIMEHTOB  a’pOAMHAMUYECKMX CHJI W MOMEHTOB AUPWKAOIs B

3aBUCHMOCTH OT WM3MEHEHHs BelnuuH mnapamerpa FH , umcma o6opoToB
BUHTOB ® yria (. OOHapyKeHO, UTO PACCTOSHHE IUPIKA0II OT HKpaHa
OKa3bIBaE€T CWJIBHOE BIHSHHE Ha XapakTep NpPOTeKaHus mo yriy B u
BEIMYMHBI KOIQPUIIMEHTOB a3pOANHAMUYECKUX CHJI 1 MOMEHTOB JUPIKaOIIs
B BETPOBOM ITOTOKE.

Pa3padoTka aBTOMATH3HPOBAHHOI0 KOMILJIEKCA HA OCHOBE HelPOHHBIX
ceTeii 1uIs1 o0ecriedeHNs 0€30MACHOCTH IOJIETA J1eTaTeIbHOI0 annapara
JlykpsHoB A.B., bparun A.A.

CubHUA, r. HoBocubupck

OcHOBHas 33a4a pa3padaThiBaeMOil aBTOMaTH3MPOBAHHOTO KOMILIEKCA —
obecrieueHre 0€30MAaCHOCTH TOJIETA JIETATENLHOTO alapara, MOCPEACTBOM
BBIBOJIa TPEXYNPEIUTENBHBIX IOACKA30K MWIOTYy (B BHUAE TIpadUUecKOH,
3BYKOBOM, KpUNTOrpaduIecKkoi M TEKCTOBOW MH(OPMAIINH, BRIBOAUMOW Ha
9KpaH MOHHWTOPA WM JUHAMHK IIPH NPUOIMKECHUHM OIACHON CHUTyalluu) H
ABTOMATHYECKHH YXOJ OT ONAacHOil CUTyallud B Ciydae, €Clid NHJIOT He
pearupyer Ha IpeayIpexICHUs.

B pabote mnpopaOaTHIBAIOTCS CIEAYIOIIME BOMPOCHL:: COOp MOJETHOM
WHQOpPMAMd B peaJbHOM pEXUME BpPEMEHH; ONpe/eIeHHE OIacHBIX
CUTyalluii M TIPOTHO3MPOBaHMWE WX BO3MOXKHBIX HACTYIUICHHH; BBIBOJA
neratenbHOoro  ammapara (JIA) ©W3 oOmacHOM CHTyalMu; CO3JaHue
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uHTep(EHCHON CHCTEMBI 10 OINOBEUICHUIO OKHIIaXXa O NPHOIMKEHHEe
BO3MO>KHBIX OIIACHBIX CUTyalUil U B3aUMOJEHCTBUIO C aBTOMAaTU3UPOBAHHON
CHCTEMOM yTIpaBICHHUS.

Jlis  pemeHnmss TmepBOro  Bompoca pa3paboTaHbl cucTeMa  cOopa
nHpopmanmu Ha ocHoBe SPAN SE, HOBbIE anropuTMbl CriIaXHBaHUS W
00paboTKM 3alIyMJICHHOTO CHTHaja. BTopas 3amada pemraercst ¢ MOMOIIBIO
YCTaHOBIICHHS METOJUK OIPEACIEHHS ONACHBIX CHTyallid, B KadecTBe
MIPOTHO3UPYIONIETO NWHCTPYMEHTa BBIJEJICHA CHCTEMa YpaBHEHHH Ha OCHOBE
nelipornoit cetn (HC) Dnmana. Hecymum snemMeHTOM crucTeMbl BEIBoga JIA
13 OIIACHOM CHTYyaIlMH BBIOpaHa acCOIMAaTHBHAs HEMpPOHHAs ceTh Xompuiaa,
Ha 6a3ze KOTOpOil pacCMOTPEHO MOCTpoeHHe yrpaBieHus JIA.

B pa60Te MPUBEACHBI OCHOBHBLIC MOMCHTLI pCajiu3allii OaHHBIX 3ajiad,
NOKa3aHbl CBs3yromue odneMeHTsl. Kpome Toro, Obula wH3ydeHa U
IMOATBEPKACHA BO3MOXKHOCTL CUCTEMBI IIPOTrHO3UPOBATh PAa3BUTHEC OIMACHBIX
W KPUTHUYECKMX CHUTyallui W BbIIaBaTh WHPOpPMANMIO JETYHKY O
MpuOMKEeHN K HUM. [IpoBepeHa OIEHKa BEpOSTHOCTH YHPaBIICHUS
JIeTaTeTIbHBIM  alllapaToM IIOCPEACTBaM pa3padaThIBAEMOrO KOMILIEKCa.
[IprBeneHs! 1 MPOAHATM3NPOBAHBI IPEABAPUTEIBHBIC PE3YIIbTAThI.

[lomydeHnble mpeaBapHTENbHBIE  PE3YNbTaThl  CBUAETEILCTBYIOT O
OO0JIPIINX BO3MOXHOCTSIX MCIHOJIB30BaHUS B OOPTOBBIX aBTOMAaTH3UPOBAHHBIX
CHCTEMaxX YIpPaBICHUS HEWPOCETEBBIX TEXHOJIOTHMH aHalM3a M IIPOTHO3a
moBeneHst JIA. OTH BO3MOKHOCTH 0a3MPYIOTCSA Ha MPUHIUITHAIBEHO HOBBIX
aJIropuTMax peuIiCHUA CJIO0XHBIX 3aJla4 AMHAMHUKH B paMKax HeﬁpOCCTeBOFO
norudyeckoro 0aszuca. XapakrepHsle ueptsi HC — mapamiensHOCTS,
pacnpenenéHHOCTh, aIallTHBHOCTh MO3BOJIAIOT aBTOHOMHO HM3y4aTh CBOWCTBA
HCCIIeyeMOro oObeKTa Ha OCHOBE pe3yJbTaToB HM3MepeHuid. Hakarummsas
MoJ00HOro poja MH(OPMAIUIo, MOKHO OPraHW30BaTh Hpolecc O0ydeHHs
TakuM 00pa3oM, 4TOOBI IPUHSATH JIydIllee PEeLIeHHE B YCIOBUIX HETIOIHOTH U
HEONPEIeNIeHHOCTH UCXOAHOW nHpopMarnmu. IlapamienusmM ¥ BO3MOKHOCTB
HENMHEHHOTO TIpeoOpa3oBaHusl HMH(OPMAIMHM OTKPBIBAIOT II€PCHEKTHUBBI
npakTHyeckor peanmsanmu  HC B CcHOXKHBIX  3aJadax aHanus3a H
MHTEPIIPETalUH JaHHBIX IHHAMHUYECKUX U3MEPEHHH.

IoBbINIeHHE TOYHOCTH BHIYUCIEHHS A9POTHHAMUYECKUX MAPAMETPOB
MoJjieTa MAaHEBPEHHOI0 caMoJIeTa
Omneitnuk A.N.
BIIS, r. Mocksa

PaGora TIOCBSIIIIEHA MOBBIIICHUIO TOYHOCTHU BBIYHCIICHHS
a’pOIMHAMUYECKHUX MapaMeTPOB MOJIeTa CaMoJIeTa: CTaTHYECKOTr0 U MOJHOrO
JIaBJICHUH, yTJIOB aTaKW M CKOJIB)XEHHS, KaK IMEepBHYHOM MHpOpManmu s
BBIUHMCIIEHUSI  BBICOTHO-CKOpPOCTHBIX mapamerpoB (BCII) monera, B
pacuIMpeHHOM Juarna3oHe 00EBOT0 MPUMEHEHHS MaHEBPEHHOTO CaMOJIeTa.
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[Ipenmaraercss HOBBIM MOAXOA K OINPEACIICHHIO a3pPOJMHAMUYECKUX
napaMeTpoB Mojera. Maes monxoaa — u3MepeHue He KOHKPETHBIX 3HaYeHUH
CTaTHYECKOTO W IMHAMHUYECKOTO NaBJICHWH, KaK MEPBUYHOW HH(pOpMaIyn
st Beruncnennss BCII, a m3mepeHue BO3AYNIHBIX NABJICHHH B OTIENBHBIX
TOYKax IOJIsl JAaBJICHUM caMolieTa M BBIYMCICHUS HAa MX OCHOBE MCTHHHBIX
3HAYEHUI adPOJAMHAMUYECKHMX TMapaMerpoB. JlaBieHue B I-U TOUKE MOJIS
JIaBJIeHUH siBIsieTcsl (DYHKIMEH 3HAYCHUH a’pOJMHAMHYECKHUX IMapaMeTpOB.
Mogenp naBieHHH B TPOM3BOJIBHBIX TOYKaX IOJISI JIABIEHWH camolieTa
pa3paboTaHa Ha OCHOBAaHHMHM TEOpUM OOTEKaHWS TeJla HM3BECTHOM
reoMeTpUIecKoi GOpMBI HICATBHON KUAKOCTHIO (Ta30M).

OCHOBY NOAXOZa COCTABISIIOT ONTHMAIbHBIC ANTOPHUTMBI KOMIUIEKCHOM
00paboTkn BXOMHOW WH(GOpPMAIHMK, MOCTPOCHHBIE C WCIIOJIE30BAaHHEM
KMHEMaTHYECKNX CBA3EH MEXTy M3MEPIEMBIMH BO3AYIIHBIMH JABICHUSIMH U
a’pOAMHAMUYECKIMHU IlapaMeTpaMy ToneTa. B kadyecTBe BXOAHOH
UH(pOpMALINK UCTIONB3YIOTCSI U3MEPEHUS MO IABJICHUSI BOKPYT CaMoJIeTa.

Jlns v3MepeHus mois IaBIeHUI BO3MOXKHO NMPHUMEHEHHE MHOTOTOYEUHBIX
MIPUEMHUKOB BO3yIIHBIX nasnenuit (I1B/I).

[TocraBnenHast B paboTe IeNb JOCTUTACTCS TaK K€ PEIICHHEM BTOPOM
B3aMMOCBSI3aHHOW 3aJayd: BBIOOPOM MeCTa pAacCIIOJIOKECHUS JIaTYUKOB
JaBleHui Ha OopTy camoinera. 310 oOycioBieHo Tem, uro I1BJ] Ha Gopry
caMmojieTa HaxOAATCS B BO3MYIIEHHOM IIOTOKE BO3[yXa, YTO BIHSET Ha
TOYHOCTh M3MEPEHHS TIEPBUIHON NH(OPMALIIH.

3amaua opMyIHpyeTcs CIeAYIOINM O00pa3oM: IUIsi KOHKPETHOTO THIa
camoneta (KOMITOHOBKH) HEOOXOJAMMO HAWTH 30HBI, TIE 3HAYCHHS
MIOCTOSTHHOT'O JIABJICHUSI OCTAIOTCS B IPEZIETax OIPENEIEHHOW MOCTOSHHOM
BEJIMYHMHBI, COOTBETCTBYIOLIEH peXUMy IOJETa, U MPHU 3TOM HE 3aBUCAT OT
yCIOBUI oOTekaHus M KOH(pUrypauuu Kpbula. ONTUMH3ANMS KOOPAMHAT
YCTaHOBKH JaTYMKOB JaBJIEHHWH Ha OOpPTy camoJeTa OCYIIECTBIAETCS
METOJaMM  KOMIIBIOTEPHOTO  MOJAEIMPOBAaHUS  C  HUCIOJB30BaHUEM
MaTeMaTH4ecKold MoJieN O0TEeKaHHs caMmojieTa, 0a3MpyIoleicss Ha MeToje
JIMICKPETHBIX BUXPEH.

Pemenne obenx 3amad OCyHIECTBIISCTCS METOAAMH MAaTEeMaTHYECKOTO H
KOMITBIOTEPHOTO MOJICTTHPOBAHNSI.

PezynpraToM ~ BBIMOMHEHHOH  paboTBl  sBIsieTcss  pa3paboTaHHOE
ITOPUTMUYECKOE M IPOTPaMMHOE 00eCTIeUEHHE.

YucjeHHoe uccilel0BAHUE BJIMSHUS CTPYHl IBHKUTe el HA
a3poAMHAMHMYECKUEe XapPAKTePUCTHKH AUPUKA0/I5
Jle Kyok qunb, CemenuukoB H.B., SIkoenesckuii O.B., YHan Kyanr J{pik
MAMU, r. MockBa

HpeZ[CTaBJ'IeHH PE3yJIbTAThI YHUCJICHHOI'O MOJCJIMPOBAHUA
IPOCTPAHCTBCHHOT'O 00TeKaHus BA3KHM BO31yXOM u pacyera
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A3pPOAMHAMUYECKUX XapaKTEePUCTUK AUPUKAOIs ¢ pabOTArOIMMU BUHTaMHU
BJIaJld OT S3KPAaHUPYIOIIEH TMOBEpXHOCTH. VccienoBaHus NpPOBENEHBI IIPU
yriax araku Juprkadns o = -50°... 50°, yrmax ckonexenus = 0... 50° u
CKOPOCTH HEBO3MyIIeHHOro moroka V, = 10..50 m/c. Uucna obGoportoB
BHHTOB M3MEHUTUCH B mipenenax #n = 500...3000 o6/MuH.

JuprkaOnb ObIT CKOMIIOHOBAaH MO KIIACCHYECKOH cxeMme, UMeT 000JI0UKy
(rxopmyc muprmkadi), onpenensieMyto ooBogoMm [lapceBans, ¢ yamnHeHHEM A
= 4, roHpony, TpanenueBHIHbIE KOHCOIM omepeHus ¢ mpodmiem NACA
0006 w nBa [ABYXJIONMACTHBIX BHHTA, PACIONOXEHHBIE CHMMETPHIHO
OTHOCHTEJIFHO ©0a30BOil mmIockocTH ampmxabdis. [lmockocte BpameHus
BUHTOB OBbLIa TEPIEHINKYIAPHA MPOAOJIBHON ocu 00osnouku. Pasmeps! n

PACIIONIOKEHHE BHHTOB XapaKTePH30BAINCh mHapamerpamu: d, = dy/D =

0,153, b, = b, /D = 0,505; [, =I/D = 1,62; h, = hy/D = 1,359, rue d, -
JUaMeTp BHHTA; b, - TONEPEYHOE PACCTOSHHE MEXAY OCSIMH BUHTOB, [, -
paccTrosHHE oceil OT Hocka 000I0uKH, /1, - PACCTOSHHE OT MX LIEHTPOB M0
MIPOIOTILHOM OcH 000JI0YKH; D - AuamMeTp MHUAEIEBOTO CEYEHHs OOOJIOYKH.
Konconu onepenunst aupmxaOisi ObUTH OPHEHTHPOBAHBI OTHOCHUTEIBHO €T0
6a30BO#1 IIIOCKOCTH TI0 CXeMe «X». PyJIi OTKIIOHEHBI HEe OBLTH.

UnciieHHOE peIIeHHe 3aaddl OCYIIECTBISIOCH C MOMOIIBIO 3aMKHYTBIX
Mozenblo TypOymeHTHocTH «SST A-00» ocpemHeHHBIX 10 PelHOIBACY
ypaBHeHnid HaBpe-CTOKca U MeTo/a KOHTPOJBHEIX 00BeMoB. [ pacderoB
HCIIOJIB30BAJICA  KOMIUIIEKC  BBIYHMCIIUTCIBHBIX IPpOrpamMmm, coz[epmaumﬁ
a/IaliTHPOBaHHBIE aBTOpAaMH K MOCTaBJIEHHOH 3amade mporpamMmbl Gambit u
Fluent, a Takke crneuuanbHble NPOTPaMMBI aBTOPOB JUIS MPOBEICHUS,
00paboTKK 1 0000IIEHNS PE3YJILTATOB YHCICHHBIX PacyeToB.

B pesynbrare pacueToB BBIBIEHBI OCOOCHHOCTH OOTEKaHUS |
pacripefiesieHust CHJI JIaBJICHWST M CHJ TPEHHs IO KOPIIYCY M KOHCOJISIM
OllepeHHss JUpIKabns ¢ paboTalomMMKM BHHTaMH W 0e3 BHHTOB.
YcTaHOBIEHBI 3aKOHOMEPHOCTH N3MEHEHHSI CYMMApHBIX a3pOJHMHAMHYECKUX
CHJI ¥ MOMEHTOB, HEOTIEPEHHOTO KOPITyCa U IOJTHOH KOMITOHOBKH JUPYKaOIIs
C BUHTaMH 1 0€3 BHHTOB B 3aBUCHMOCTH OT M3MEHEHHUS YIJIOB aTakH, YIJOB
CKOJIbKECHUSI, BEJIMUNHBI CKOPOCTH HAOETAIONIETO HAa ANPHKAOIIh TOTOKA.

PacuéTt a3ponuHAMHYECKHX XapaKTEPHUCTHK JETATEJILHOT0 anmapara ¢
HeCyIMM KOPIyCcoM
Bomuxos O.[1., 3otoB A.A., [Tamkos O.A.
MAMU, r. MockBa

B HaCTOosAICC BpEMs IMCPE MHKCHEPAMU aBUAIIpoMa BECbMa OCTPO CTOUT
HpO6J'IeMa CO3JaHrd MAJIOPA3MEPHBIX JICTATCIIbHBIX alllapaTOB € BBICOKHUM
KOZ-)(l)(l)I/IL[I/ICHTOM BECOBOH OTAa4u, BbII'OAHBIMHU MaCCO—Fa6apI/ITHBIMI/I,
XOpomunuMu B3JICTHO-IIOCaAAOYHBIMHA XapPAKTCPUCTUKAMHU n
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adPOTUHAMUYCCKMMHU TOKa3aTesIMH Ha OOJbIIMX yriax arakd. Yacto
MOCTABIEHHYIO 3a/lady He YIA€TCsl PEIUTh B paMKaX KJIACCUYECKOW CXEMBbI
noctpoenust JIA.  OpHuM U3 TyTed  JOCTHXKEHUS  MPHEMIIEMBIX
AOPOJAMHAMUYECKUX  XapaKTepuCTUK Takoro JIA sBisieTcs cozlaHue
KOMIIOHOBKM TaKOIO ammapaTra C HCIOJb30BaHHEM B KayeCTBE HECYILEro
AJIEMEHTa CaMOoro (hro3ersDKa.

B pamkax maHHO# pabOTHI, BBITOMHAEMON B MOCKOBCKOM aBHAIMOHHOM
WHCTHUTYTE, PacCMaTPUBAETCS BOIMPOC CO3IAHWS JICTATENBHOTO amiapara c
HecymmM (I03esDKEM B BHAE IUIMITHYECKOTO KPBUIA Majoro YAJIHHEHUS.
Juis momydeHusT a’pOIMHAMUYECKUX XaPaKTEPUCTUK IPUMEHEHBI METOJBI
YHCICHHOTO MOJETHPOBaHUA. B pe3yibpTare MpoBeIeHHOTO MOICIUPOBAHHS
MOJIy4eHbl PE3YJIbTaThl PACUETOB OCHOBHBIX JIETHBIX XapaKTEPUCTUK Ha
B3JETHO-TIOCAIOYHBIX PEXMMaX, KaK I U30JIMPOBAHHOTO (Dro3eiisika, Tak U
JUIS KOMITOHOBKH C XBOCTOBBIM oOrmepeHHeM. OO0OCHOBaHHOCTh BBIOPAHHOM
pacuéTHOM  MoJemu IS BapuaHTa — W30JIMPOBAHHOTO  (hro3ersbKa
MOATBEPXKACHAa pe3yJbTaTaMH MPOIYBKA MOJEIM B adpOJUHAMHUYECKON
TpyOe. OOOCHOBaHA MPUMEHHUMOCTh YHCICHHBIX METOJOB JUISl MOJyYCHHS
CYMMapHBIX ¥ paclpeNeléHHBIX  adpPOAMHAMHYCCKUX  XapaKTePHCTHK
JETaTeNFHOTO ammapara, a Takke KapTHH o0TekaHus. Ha ocHoBaHum
MTONTyYeHHBIX PE3YyJIbTaTOB YWCIICHHOTO MOJCIMPOBAHMS HAMEYEHHI ITyTH
VIIy4dIIEHUS] adpOAMHAMHYECKUX XapaKTePUCTHK MPEUIOKEHHOH CXEMBI.
CrhenaHsl BBIBOOBI O MEPCIEKTHBAX IPOEKTa, a TAaKKe O MPUMEHHIMOCTH
METOJIOB YUCIICHHOTO MOJICTTUPOBAHUS IJIsl JabHEHIIINX HCCIeT0BaHUH.

Bausinue nucnepcuu U nepekpecTHbIX 3PGeKToB B HePaBHOBECHOM
MeXaHMKe CIUIOLIHOM cpeabl
IIpo3oposa O.B.
CII6I'Y, r. Cankr-IletepOypr

ITpennararorcst MOaU(UITMPOBAHHBIE 3aKOHBI COXPAHEHUS Ul YacTHUIl 0e3
CTPYKTYpPBl C YYETOM BIHMAHUS MOMEHTa KOJHMYECTBA [BI)KEHHS U
mepekpecTHeIX  d(dexkroB.  YpaBHeHWs A raza  HAaWIOCHB U3
Moau(dUIMpoBaHHOTO  ypaBHeHus bombrmana. Jlns  TBepmoro  Tena
UCTIONIB3YIOTCS YPAaBHEHUS ()eHOMEHOJIOTHUECKOI TEOpHH, HO U3MEHSIETCS UX
TPaKTOBKA. YCIOBHMS paBHOBECHS CHJI pPacCMaTpUBAIOTCS KaK YacCTHBIM
cllydall ycIoBHI paBHOBecUsI MOMEHTOB. [IpH KiIaccuueckoM MOAXone 3aKOH
COXpaHEHHMsS MOMEHTa KOJHMYECTBA MABIKEHHS HE BBICTPaMBacTCs, OH
BBIPOJKIAETCS B YCIOBHE CHUMMETPUM TeH30pa HamnpsbkeHuidl. C yderom
MOMEHTA TEH30p HANpsDKCHWH MoiydaeTcs HeCHMMMETpHuHbIM. [l rasa
BBIBOANTCS 3aKOH COXPaHEHWS MOMEHTOB W3 MOJU(UIIMPOBAHHOTO
ypaBHeHus bompimana. PaccmarpuBaioTcs TpaHWdYHBIE  YCIIOBHS Ha
TIOBEPXHOCTH TBEPJOTO TeNa U Ha BHEUIHEH rpanuie. [IpuBonsaTcs npumeps
BIMSHUSI MOMEHTOB B YPaBHEHHSX IOTPAaHHYHOTO CJIOA WM Ul ypaBHEHHWH
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TEOPHUHM  YHOPYIOCTH  TBEPAOrO  Tela.  YCTAaHABIUBAIOTCA  YCJIOBHUA
CYIIEeCTBOBaHUS HMHepuuoHHOro uHTepBaia A.H. KommoropoBa B pamkax
npeanaraeMoid Teopuu. Ilperyaraercsi HOBoe ypaBHEHHME JUIS (YHKIHA
pacripefiesieHusi TpH  PEIIEHWH CONPSDHKEHHBIX — 3a/1ad  TeriooOMeHa,
OCHOBAaHHOE Ha BKJIIOUCHHH aTOMOB MOBEPXHOCTH B aHCAMOJb MOJIEKYJ JUIs
ompeznencHuss N-dacTHYHON (YHKOWMU pacrpenenceHus. PaccmarpuBaeTcs
BIUSHHE TEepeKpecTHBIX d¢¢dekroB, B TOM umcie camoxuddysum,
tepmoantdy3nn U ap., Ha KoTopble ykassiBan C.B.Bammannmep. B pabote
TIpeAJIaraeTcst JITOPUTM pacuera YKa3aHHBIX BEJINYNH u3
Moau(uIMpoBaHHOTO ypaBHEeHUs bonpimana. PaccMoTpeHO —BiHsHHE
yKa3aHHBIX J(p(EKTOB Ha YCTOMYMBOCTHE (pOHTA YyIOAapHOW BOJHEI.
O6cy>xaaroTcs yCIOBUS «CIUIOIIHOCTIY CPeAbl U Pa3InYHbIX MOJETeH.

@opMupoBaHHe 00, IMKa JErKOro HCTpeduTe s ¢ MOMOUIHI0
COBPEMEHHBIX CHCTEM reOMeTPHUYECKOT0 MOeJTMPOBAHMS
Petiaronsn A.JI.

MAMU, r. MockBa

Lenpto maHHOM pabOTHI sABIsIACH MPOpabOTKA METOJMKH KOMIIOHOBKH
JTETKOTO HCTPEOHTENsI KOPOTKOTO B3/IETa W BEPTHKAIGHONW IOCAAKH C
TIOMOIIBIO COBPEMEHHBIX CHCTEM reomeTpuueckoro monenuposanus (CI'M,
anri. Computer-Aided Design - CAD).

B xopne BeimomHeHUsT paObOTHl OBLT CPOPMHUPOBAH OONHK MEPCIEKTUBHOTO
JIETKOTO UCTPEOUTEIIsI KOPOTKOTO B3JIETA BEPTUKAIBHOM MOCAAKH — TOCTPOEH
TEOPETUYECKUI KOHTYp camonéTa, co37aHa MaKCHUMaJbHO “‘TIJIOTHas”
KOMITOHOBKa, MNpopa0oTaHa KWHEMaTWKa pas3IM4YHbIX arperatos (Iacc,
CTBOPKH, yIIPaBJIsieMbIE IOBEPXHOCTH H T. 1.).

[Mpouecc popmupoBanus o0rKa caMoiI€Ta BKIIOYAI CICIYIOINE STAITBI:

MIOJTOTOBKA MCXOIHBIX JTAHHBIX:

e miepBuYHAs (2D) KOMITOHOBKA;

e pasmetka 3D mpocTpaHCTBa;
noctpoerne 3D kapkaca;
pa3MelIeHe OCHOBHBIX OJIOKOB;

MOCTPOEHHE TEOPETUUECKOTO KOHTYpa CaMOJIETa;
noctpoenue reomerpun KCC;
KOMITOHOBKA arperatoB caMmoJjéra, pa3MellleHne TOIUIMBHBIX 0aKOB.

Oco0eHHOCTh NPe/ITI0KEHHOH METOINKH 3aKIII0YaeTCs B TOM, YTO IIPOIIECC
KOMITOHOBKHM pa30MBaeTcsi Ha HECKOJBKO JTaloB, KaXIbIH M3 KOTOPBIX
BBINOJIHSIETCST ¢ oMonIbio coBpeMeHHbIX CI'M. IpenmMymiecTBOM MeTOAMKA
SIBIIICTCS CO37[aHME “THOKMX™ MOJIEINEH, TIO3BOIITIONINX U3MEHS T TEOMETPHIO
B IIMPOKHX JHAIa30Hax.

[MpennoxeHHass MeTOAWKA TIPEIBApUTENBHON TNPOPAOOTKH  CXEMHBIX
pelIeHuH ¢ MOMOIIBI0 IBYXMEPHOH MapaMeTprU30BaHHON Moend 0OBOJOB U
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BHyTpCHHCﬁ KOMIIOHOBKH CaMOHéTa I1IO3BOJIICT C MCHBIIMMH 3anaTaMI/I
BpeMeHH (OTHOCHTENTHHO MeTojia co3aanus 3D Mojenu HemocpencTBEHHO C
3CKH30B KOHCTPYKTOPA-MPOCKTUPOBIINKA) MTOCTPOUTD MOIPOOHY O
TPEXMEPHYIO TEOMETPUYECKYIO MOJIeb caMoJi€éTa. JlaHHast MOIEeNb BKIIOYAET
TEOPETUYECKUI KOHTYp MOBEPXHOCTH, KOMIIOHOBKY arperaros, yBsizky KCC,
KHHEMATHYECKIE CXEMBI MTOJIBIKHBIX arperaTtoB | T. 1.

JampHeimas aBToMaTH3alys MPOpadOTKH OOBOJAOB W BHYTPCHHEH
KOMIIOHOBKH CaMoJIETa TIO3BOJIMT PAacCMOTPETb OOJbIlee KOJIUIECTBO
AIbTEPHATHBHBIX BapUAHTOB, TEM CaMBIM, yIy4IIHB KAa4eCTBO IPOEKTHBIX
HM3BICKAHHIA.

Hencnoub3oBaHHbIe BO3MOKHOCTH 3 dexTa CaHbAKA IPH H3MEPEHHH
CKOPOCTH 00beKTa
I'yxens 10.A.
T. UepHsAXOBCK

O¢pdexr Canpsika, Kak M3BECTHO, IIMPOKO HCIIOJB3YETCS B BOJOKOHHO-
OINITHYECKHUX TUPOCKOMAX. | MPOCKOIBI 3TH MPUMEHSIOTCS JUIS OIpEIeNICHHs
YTJIOBOM CKOPOCTH BPAILIEHUs B MPOCTPAHCTBE JIETATEIBHOTO alapaTa, Win
JPYTOTO IBIDKYIIEroCst 00BEKTa.

O dexr Canpska 3aKII0UaCTCA B CMEIICHUH (Pa3 BCTPEUHBIX M3IYUCHUN B
3aBUCHMOCTH OT CKOPOCTH BpalleHHs o0bekTa. BemmumHa cmemenus a3
NPONOPLMOHAIBHA POU3BEACHUIO IUIOMIAAN, OKAWUMIEHHONW ONTUYECKUM
BOJIOKHOM, Ha YIJIOBYIO CKOPOCTh BpallleHHsi OOBEKTa W HE 3aBHCUT OT
(OpMBI KOHTYpa HABUBKU ONTHYECKOTO BOJIOKHA.

OueBU/IHO, YTO BEJIMYHMHA IUIOIIA/N, OKPYKEHHAS ONTHYECKUM BOJIOKHOM
paBHa TIOJIOBUHE NMPOM3BEAEHUs IJIMHBI ONTHYECKOTO BOJOKHA Ha CPEAHUM
panuyc HaBuUBKH. CieqoBaTeNbHO, H3MEpSIeMBIH d(Q(GEKT MOXKHO YCHIHNTH 3a
CuéT yBENMUCHHUS paZlyca HaBUBKM BOJIOKHA — 3TO ()aKT W3BECTHBIN, HO HE B
TIOJTHOM Mepe HCIONIb3yeMblif. MaKcHMalbHO HCHONb30BaTh €ro MOXKHO
cremyromM obpazom: s camonéra, HamOONBIIMK BO3MOXKHBIN paanyc
HAaBUBKMA (YKJIAQAKH) ONTHYECKOTO BOJIOKHA paBeH pamuycy (Qro3espka.
CrenoBaTenbHO, ONTHYECKOE BOJIOKHO MOXKET OBITh  YJIOXKEHO IO
BHYTPEHHEMY KOHTYpY (ro3ensika, a M3lydarellb, NPUEMHAK U U3MEPHUTENb
cMmenteHust (a3 Moryr ObITh coOpaHbl B Kopmyce mnpubopa. ITockonbky
cpenHMil paguMyc (ro3eisbka camoiéra Ha JBa MOpsaka OoJblIe paanyca
BBIITYCKACMBIX Ha CCFOJIHSII_HHI/Iﬁ JAC€Hb TUPOCKOIIOB, TO 3TOT HpI/IéM IIO3BOJIUT
YBEIMYHUTH Pa3pellaronryto CriocoOHOCTh THPOCKOTIA Ha IBa TOPsAKa.

C y4€TOM MOCIEAHEr0 COOTHOIIEHHUS, (hOpMyJia BETMUUHBI CMEIIEeHHs (a3
3alUIIeTcsl B BUAE MPONOPIHOHATIGHONW 3aBUCHMOCTH OT IIPOW3BEICHHMS
JUTMHBI ONTHYECKOTO BOJIOKHA HA paJfyC HAaBUBKM M Ha YIJIOBYIO CKOPOCTBH
BpamieHust oowrekra. M ecnu B paccmarpuBaeMoil Gopmysie, IpOn3BeACHHE
pamuyca HaBUBKM Ha YIJIOBYIO CKOPOCTH OOO3HA4UHWTh KaK OKPYXHYIO
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CKOPOCTh BpalleHUss OOBEKTa, TO CTAHOBUTCS OYEBHIOHO, 4TO APdekT
cMmenieHust (a3 3aBHCUT OT OKPYXXHOM CKOPOCTH BpAIEHHs ONTHYECKOTO
BOJIOKHA M U3JTydaTes.

A MeXay OKpYKHOH M IOCTYHaTeJbHOH CKOPOCTBIO M3JIydaTellsl HMEeeTCs
HECOMHEHHas CBs3b. 1100, Ipy yBeIMYEHUH pajyca BpalleHHs U3ITydarels
0 OCECKOHEYHOCTH JBWKCHHE I10 OKPY)XHOCTH IUIABHO HEPEXOIHUT B
NpsSMOITHHeHHOe ABWKeHHe. [103TOMy, MOKHO TPEIIOI0KUTh, 4TO 3 deKT
Caspsika OyneT MMETh MECTO W IPU MPSIMOJMHEIHOM IBIDKCHHH OOBEKTa.
O¢ddexr Oymer mMposSBIATECA B CMEMICHWH (Da3 BCTPEUYHBIX H3IYyUYEHHH OT
IBYX H3ITy4arelel, YCTaHOBICHHBIX Ha oObekre. CleqoBaTeNbHO, ITOT
9pdexT MOXHO HCIONB30BaTh M U ONpPENENeHHs IYyTeBOH CKOPOCTH
o0ObeKTa.

B Hame Bpems, OKCIEpUMEHTalbHas  IMPOBEpKa  MOCIEIHETO
IIPEIIOJIOKEHNS TEXHUUECKUX TPYIHOCTEH HE IPECTABIIET.

CuTtyaninoHHasi 0OCBEIOMJICHHOCTh HA caMoJIeTax-HCTPeduTeIsIX
nokoJsieHns 4+ (Ha npumepe ucrpeduresas F-16 konpurypanus M3)
Bonpmapenko FO.A.

MAM, r. Mocksa

OOBEKTOM HCCIENOBaHMS SIBISIETCS] OOPTOBAsk MHTEIUICKTyalbHAsl CUCTEMA
Klacca HMHTEIUIEKTYaJlbHOM WH(pOpManoHHOH cucTteMbl «CHUTyannoHHas
ocBegoMieHHOCTs 3kumnaxa» (MUC COD), mpemocTaBisiomas SKHITAXY
camoiniera ucTpeOuTenss HHGOPMAMOHHYIO TMOJACPKKY Uil  pelleHHs
«TaKTHYECKUX 3anauy» (3amad MEepBOrO W BTOPOTO YPOBHS TI00AJIBHOTO
ynpaeinerust (II'nYY wu II'mYVY)) [1-4]. DddexTuBHOE BHIMOIHEHHE
SKUMaXKEM I'eHepaJbHOW 3a/1aud BBUIETA, B TOM YHCJIE BEACHHE BO3YIIHOIO
005, BO MHOTOM 3aBHCHUT OT OCHAIEHWs HCTPeOUTENsl JaHHOW CHCTEMOW U
WHTEJIEKTyaJbHBIMH ~ CHCTEMaMH  Kjacca  OOpPTOBBIX  OIIEPaTHBHO
coBerytomux 3kcrepTHbIX cucteM (BOCOC) amst THIOBBIX OOEBBIX CHTYaAIMH
(TBC) monera.

CuTyannoHHass OCBEJOMJIEHHOCTh MOTPYXKaeT 3KHIIaX B CPELy BCETO
MIPOMCXOAIIET0 BOKPYT, NOMOras eMy MOHSTh, Kak Mpoucxonsiee Oyaer
BIMATh HA JOCTIDKCHHE TTOCTAaBICHHBIX LIEJICH Ha JAHHOM JTale Iojera U
nenu Bcero mojera. OTCyTCTBHE COOTBETCTBYIOIIEH —CHUTYaIlMOHHON
OCBEJIOMJICHHOCTH (HE TOJIbKO Ha OOEBBIX CaMOJIETax) SIBISETCS TIEPBUYHBIM
(dakTopoM, H3-332  KOTOPOTO  TPOMCXOJST  HECYaCTHbIE  CIIydaw,
00YCIJIOBJICHHBIE YEJIOBEUECKOH ommOKod. MIMeHHO MmosToMy naHHas Tema
SIBIISIETCS] CTOJIb aKTyaJIbHOM B HACTOSIIIIEE BPEMs, KOT/Ia OIepaTop (IKHUIaxk)
HE MMeEeT IIPaBo Ha OUIMOKY, YTOOBI HE MOJBEPraTh OIIACHOCTH COOCTBEHHYIO
XKW3Hb, JKU3Hb JAPYTUX WICHOB OSKHIIa)Ka M JOPOTOCTOSIIMK JIeTaJbHBINA
OOBEKT.
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ens manHoi paboTh! - JaTh coBpeMeHHoe BuneHue cucreMbl MMC COD.
KoHkpeTn3npoBars, OCHOBBIBasICh Ha Marepualiax 3apy0exHOH JINTepaTypsbl,
caMo TOHATHE CUTYallMOHHOM OCBEIOMIIEHHOCTH Ha IpPHMeEpE €€ pealn3aliu
Ha Oopty wucrpeburens F-16 xondwurypamum M3 [S - 7]. Onwmcare u
MIPOaHATM3UPOBATH C TOYKH 3peHUs APPEKTHBHOCTH KaXKIblil OJIOK CHCTEMBI
B OTHenbHOCTH  (OJMOK  BO3AYNIHBIE  yIpO3bl, HA3eMHBIE  YTIPO3bI,
BHYTPHOOPTOBBIE YTPO3bI, HEJOCTATOK cpeAcTB). Iloka3zaTh MHIMKAIWIO HA
nHpopMmannonHo yrpasiaommeM nose (UYII) xabunsr (MJIC - naaukarop Ha
nmoboBom crekie, MOW — MHOTO(QYHKIIMOHATBFHBIE HHIUKATOPHI), PEUCBBIE
COOOIIEHHMsI, pY4HBIE ONEPALUK IJIsI BHI30BA JOMOIHUTENHHON MH(OpMALIUH,
¢parmentsr ['PO (rpad pemerns oneparopa) o Takomy BeI30BY. [locuutars
BpPEMEHHBIC 3aTpaThl JICTYMKA HA PeaTn3anuio 3Tux pparmeHTos [8].

JlanHast paboTa BBHINOJHEHAa B  HHTEpPEcax CO3JAHUSI  CHUCTEMBI
UMHTaIMoOHHOrO MozenupoBanusi (CHMM), B KoTopoH [uid caMOJIETOB
MIPOTHBHUKA HMHUTHPYETCS HE TOJNBKO paboTa, ero OOpTOBBIX CHUCTEM U
OpYXHs, HO U HUMHTHpYeTCs pabdoTa OSKHIaKka C «PEaTbHBIM COCTaBOM
nHpopManuu u opraHos ynpasienus Ha UYII» [9]. [Ipu atom CUM nomxna
(YHKIIMOHMpOBaTh B pEalbHOM  BpPEMEHH,  TIPEICTAaBIATH  Ha
MHQOPMAIMOHHOM KaJpe IUHAMHKY IIOSBICHUS W pPasBUTHS yrpo3 C
OTMETKOM Ha HHX 3HAYNMBIX COOBITHH, WMHTHPOBATH Ha JAWCIIICE
KOMITBIOTEpa HHPOPMAIIMOHHBIE KaJpbl KAOMHBI SKUIaXa, IpeIHa3HAYEHHbBIX
JUISL €70 CUTYAIIMOHHOMN OCBEJOMIICHHOCTH.

Oco0eHHOCTH NOBeeHN YeJ0BeKa PU aBHATPAHCHOPTHBIX Mpoleccax
Aptioxosuu M.B., ®eoktuctoBa O.I'.
MI'TY I'A, r. MockBa

CoBpeMeHHOE MpEACTAaBICHUE O YEIOBEYECKOM (haKTOpe W €ro poiu B
HAyYHO-TEXHUYECKOM IMPOTrpecce B aBHALMU CJIOXWIOCH HE Cpaszy, a UMEIo
HCTOPHYECKH OIPEACIICHHYIO 3BOJIOLUIO. TpaJWIMOHHO YeJIOBEUESCKHUil
(bakTop paccMaTpHBaJICA, 1a H B HACTOSIIEE BPEMs pACCMAaTPHBACTCS B CBSI3H
¢ mpo6ieMoii 6€30MTaCHOCTH TOJIETOB.

be3onacHOCT, TOJNIETOB  XapaKTEpU3YyeTCsl CBOMCTBOM — aBHAMOHHO-
TPAHCIIOPTHON CHUCTEMBI, 3aKIIIOYAIOIIEECs B €€ CIIOCOOHOCTH OCYLIECTBIIATH
BO3JYITHBIE TEPEeBO3KM 0€3 Yrpo3bl I KU3HH U 370pPOBbs JIIOJIEH,
NpeaynpexaaTe BO3SHUKHOBCHUEC 0COOBIX CI/ITyaHI/Iﬁ, COCTAaBJIICT IIOHATHE
0€301acHOCTH IOJIETOB.

[IpuurHBl ABHAIIMOHHBIX MPOUCHIECTBUH M WX MPEANOCHUIKH MOXKHO
pa3zenuTh Ha TPH OCHOBHBIX Kjlacca: CBSI3aHHBIE C OTKa3aMH TEXHUKH, C
BIMsSHAEM (aKTOPOB BHEIIHEH cpenbl H  OOYCIOBIICHHBIC —«BHHOM
YeoBeyeckoro (axkropa, Ha IOJO KOToporo mpuxomurcs 1o 80 % obmiero
KOJIMYECTBa ABHALIMOHHBIX IMPOMCIICCTBHI. B 3TOH CBs3M mpoduiIakTHKa
OIMOOYHBIX JEHCTBHH pacCMaTpHBACTCS aBHALMOHHON MCHXOJOTHEH H
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MEIUIIMHON KaK OJHO W3 TJIaBHBIX YCIOBHU oOecrmeueHHs 0e30macHOCTH
TIOJICTOB.

YenoBeueckuil HakTop — OFHO U3 LEHTPATBHBIX MOHATHH, UCTIOIb3YEMbIX
MPU PACCMOTPEHUH MPOOIeMbl 0OecredeHns] 6e30MacHOCTH IOJNETOB. DTO
MOHSITHE YPE3BBIYAHHO OOBEMHO M CIYKHT [UI XapaKTepPUCTHKH BCEX
sIBIICHUH, coObITHil mpu sKkcrutyataiuu AT, CBS3aHHBIX C JESITEIBHOCTHIO
ABHACICIHAIICTOB, MPOBOIAIIMX Ha 3emie moaroroky BC k monery u
HEMOCPENCTBEHHO B BO3AyXe BO Bpems moiiera. [log dYenoBeuecKuM
(akTopoM cieayeT MOHUMATh COBOKYITHOCTh MHAWBUIYAJIbHBIX U HPUCYIHX
podecCHOHATbHOMY KOHTHHICHTY B IIEJIOM Ka4eCTB U CBOWCTB YelOBEKa,
KOTOpbIE TMPOSIBISIOTCS B KOHKPETHBIX YCIOBHSX (DYHKIIMOHHPOBAHHUS
ABMAIIOHHOM CHCTEMBbI, OKa3biBasi BIHMsHHE Ha ee 3(dekTHBHOCT U
HaJIeKHOCTb.

Het comHeHnus1, uTo ommbKa 4enoBeKka Ipu TEXHUYECKOM 00CITYKUBAaHUU U
WHCOCKIMK SBUJIACh TPHYMHON HECKONbKUX HEJABHHX IMPOHCIIECTBHH,
MMEBIIUX MECTO B aBHATPAHCIOPTHBIX KOMIIAHUsIX. B mr06oil yenoBeueckoii
JEATEIBHOCTH OIIMOKA 4YeNOBEKa HMEET OIMpPE/ACIICHHbIC IOCIEACTBHUSI.
CoryiacHO OJHOMY HCTOYHHKY, KOJMYECTBO CBS3aHHBIX C TEXHHUECKUM
o0Cny>XKMBaHHEM TPOUCIIECTBUA W  WHIWACHTOB B  OOIIECTBEHHOM
ABHAIHOHHOM TPAHCIIOPTE 3HAYUTEIHLHO BO3POCIIO.

[Mpoucxonsiine B aBHAIMM HEIPEPHIBHbIC KOJIMYCCTBEHHBIE HM3MEHEHHUsI
MIPUBENTU K CPABHUTEIHHO OBICTPOMY Ka4eCTBEHHOMY M3MEHEHHIO MPOOIEeMBbI
0€30MMaCHOCTH TOJIETOB, €€ TpaHCHOPMAIIMK M3 TEXHUYECKOW B CONUANBHYIO,
TICHXOJIOTHYECKYI0, ICUXO(U3HOJIIOTHYECKYIO U T.II., KOTOpPBIE B 0000IIEHHOM
BHJIC TPAKTYIOTCS Kak mpobJiemMa 4eoBedeckoro pakTtopa B aBUaIlHH.

Oco0eHHOCTH onpeie/ieHUsl HA3eMHBIX HArpy3ok Ha BC npu ABukeHnu
no BIIII ¢ moMoIbI0 MATEMaTHYECKOT0 MO/IeJINPOBAHUS
bextuna H.b.

MI'TY I'A, r. MockBa

CymectByeT AeUINT AaHHBIX MOBTOPSEMOCTH HA3E€MHBIX HAarpy3oK IO
CPaBHEHHIO C Harpy3kaMH OT MOPHIBOB BETPa M MaHEBPEHHBIMH Harpy3Kamu
Ha Bo3xymHoe cyaHo (BC) B monere.

OT4acTH Takoe IOJIOKEHHE JAed OOBICHAETCS TeM, YTO 3Ta TeMaTHhKa
JIEKUT Ha CThIKe cdep JeqaTeNbHOCTH CIEHHaIUCTOB B 00JacTH
a’pOIMHAMUKH, KOHCTPYKIUH, MPOYHOCTH M 3KciuTyaTauuu BC, a Taxke
MIPOEKTUPOBAHUSI I CTPOMUTENILCTBA B3JIETHO-TTOCanouHbIX nojioc (BIII). Ipu
9TOM pPa30pochl MOBTOPSIEMOCTH HAa3eMHBIX HAarpy3oKk Ha KOHCTPYKIIHIO
miaHepa BC Ha sramax aswkenus no BIIIT moryr mocturars 15-20 pas.
[MosTOoMy mpM pemieHnu Takoro poja 3agad HEOOXOAMMO paccMaTpHBaTh B
KOMITIIEKCE TMHAMHYECKYIO CHCTEMY «CaMOJIeT — macc — mokpsitre BIITD».
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Haubonee mpoxyKTUBHBIM METOJIOM HCCIEIOBaHHS JaHHOW MPOOJIEMBI
ABIIIETCA CHUCTEMa MaTeMaTH4ecKoro mopeiaupoBanus (MM) nuHamMuKH
nonera BC Ha »Tamax B3jeTa U IOCaiku, pa3paboTaHHas Ha Kadenpe
AKIIJTA MI'TYTA.

MopeJupoBaHue THHAMHKHA KOHCTPYKIUIA ABUAIIMOHHBIX U31eJ Ui B
YCJIOBHSIX HX TPUMEHEHUsI
Bepoumkuit A.B., Pogronos I'.JI., Cunopenko A.C.
MAMWU, r. MockBa

JluHaMH4YecKoe COCTOSIHME HW3JETHNH, pa3sMEIIEHHbIX Ha BHEIIHHUX
MOJBECKaX ABMAIIMOHHBIX HOCHUTEJEH, SBIAETCS OIHUM M3 OCHOBHBIX
(axTOpOB, BIMSIIONIMX HAa HAJEKHOCTh M O€30MACHOCTh IKCILUTyaTalluu, Kak
caMuX U3/enuil, Tak U KOMIIIEKca HOCUTENb — U3JIeTIHe.

VYpoBHM BHOpalMOHHBIX HArpy30K, [EWCTBYIOIIMX Ha H3JIENUS B
COBMECTHOHM OKCIUTyaTallMd C HOCHTENIEM, 3aBHUCAT OT MHOTHX (aKTOPOB:
peXUMa ToJieTa W MPUMEHEHHs, 0COOCHHOCTeH KOHCTPYKIMU HOCHUTENS |
y3J10B TOJBECKH, YCIOBHH pasMemieHus usgenuid m T.0. OmnpenencHue
XapaKTEepPUCTHK TUHAMHYECKOTO COCTOSHUSI KOHCTPYKIIMH aBHAlMOHHBIX
W37 COBMECTHO C HOCHTEJIEM Ha PEKUMax NPUMEHEHHUS M3JCIHHA MMeeT
CYIIECTBEHHOE IPAKTHUECKOE 3HAYEHHE M SBISIETCS OCHOBOH OIEHKH H
MOATBEPKACHUN  XapaKTEPUCTUK  COBMECTUMOCTH U 0€30IacHOCTH
MIPUMEHEHHS JaHHbIX U3ICITHH.

I[lpy  OTCyTCTBMM  OKCHEPUMEHTAJBHBIX  JaHHBIX  HEOOXOAWMBIE
XapaKTEePUCTUKU TUHAMHUYECKOTO COCTOSHHS U3/EINH MOTYT OBITh MOJTy4YEHBI
pacyeTHBIM TyTeM. OQQEKTUBHOCTH HCIIOIB30BaHHUS PAacYETHBHIX METOJIOB
JUIs HCCIEJOBAaHUS PEabHBIX KOHCTPYKIMA BO MHOIOM OIpeaenseTcs
KaueCTBOM PaCUETHBIX MOJAEJEH, T.€. CTENEHBIO X aJeKBaTHOCTH PealbHbIM
KOHCTPYKIHSM ¥ YCJOBHSIM OKCIUTyaTallid, a TaKKe BO3MOXKHOCTBIO
TIOJYYEHHS JOCTOBEPHBIX NCXOJHBIX JTaHHBIX.

B nacrosmeit pabore paccmarpuBaeTcs 3amada 00 OLEHKE XapaKTePHCTHK
JVUHAMHYECKOTO COCTOSHHMSA KOHCTPYKIMH AaBHAIIMOHHBIX W3ICIUA IpH
KBa3HCTALMOHAPHOM KHHEMaTHYECKOM BO30YXKICHHH, 33aJaHHOM B Y3lax
KpemaeHust KoHconmu. Ilpm pemeHMm 3amadm  CUMTAIOTCA  33JaHHBIMU
TeOMETPHUUECKHE, >KECTKOCTHBIE M MAacCCOBBIE XapaKTEPUCTHKH OTIEIbHBIX
arperaToB  KOHCTPYKIIMM, a TaKkXke IapaMeTpsl KHHEMaTHYecKOro
BO3MYIICHHS U TOJOXEHHE KOHCTPYKLUMH B HAYaJIbHBIH MOMEHT BPEMEHH.
Kpeino moxenupyercs kak kKapkacHasi KOHCTPYKIHUS C ABYMsI JIOHKEPOHAMU U
TOHKOW OOIIMBKOH, COeIMHEHHAsI C (DIO3ENsHKEeM MapHUPHBIMU Y3JIaMH.

Jns MonenmMpoBaHus AMHAMUYECKOTO COCTOSIHUSI KOHCTPYKIMH BBIOpaHa
cHCTeMa  KOHEYHO-3JIEMEHTHOIO  aHalM3a  CIOXKHBIX  KOHCTPYKIMH
Femap/NX Nastran. Ha ocHOBe pa3pa0OTaHHOW KOHEYHO-IJIIEMEHTHOM
MOJIEIH, COOTBETCTBYIONIEH 0COOCHHOCTSIM peabHOM KOHCTPYKIIMU KOHCOJIH
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KpbLIa, OTIPeIeIeHbl COOCTBEHHBIE (POPMBI M YACTOTHI KOHCTPYKIIMHU C YYETOM
BJIMAHHUSA ITOJABCCHBIX I/I3)I€J'IPIﬁ. HonyquH XapaKTCPUCTUKN JUHAMHUYCCKOTO
COCTOSIHUSL M3JeNUi U Cilydasi, KOrJa Harpy3Ku IpPUMEHEHUs W3Aenui
MOTYT OBITH TIPEJCTaBIEHHl B BHJE KBAa3UCTAIIMOHAPHBIX CIyYalHBIX
NPOLECCOB HAa  OTPaHMYEHHOM BpeMEHHOM oTpe3ke. OmpeneneHsl
CTIEKTPaIbHBIE IUIOTHOCTH W YPOBHH COCTAaBIISIOIINX BHOPOYCKOPEHHS B
MecTax TIIOJBECKH W3JENUH M 30HBl KOHCTPYKIHHM C MaKCHMaJIbHBIMA
ypoBHsiMH BHOpamnu. [lodydeHBl OLEHKM MaKCHUMAJIBHBIX 3HAYECHHWH
NEPEMEILECHUN KOHCTPYKLUMH H3AEIMI B YCIOBUSAX HMX NPUMEHEHMS s
Pa3NMYHBIX CIIy4acB HArpPYy>KEHHWS W PA3IUYHBIX BAPHAHTOB PACIIOIOKEHHS
H3JIENNN.

KopnopaTusHasi cucteMa MHPOPMALMOHHBIX TEXHOJIOTHi :KM3HEHHOT'0
HUKJIA M3e Uil HAYKOeMKOro MAIlIMHOCTPOEHHUSI
Tanbnepun .M.

KA, r. Kazanp

AKTyasbHOCTb pas3BHTHS OTEYEeCTBEHHOTO ABHACTPOCHHS,
KOHKYPEHTOCIIOCOOHOTO Ha  MHPOBOM M OTEYECTBEHHOM  pBIHKAX,
obmienpusHanHa. TpeOyeT MOJEpPHHU3ALMHA OTECYECTBEHHOE HAYKOEMKOE
MAaIIHHOCTPOCHHE B [IETIOM.

Co3naHue  KOHKYPEHTOCIOCOOHOW  HAayKOEMKOH  IPOMBIIUICHHOCTH
TpeOyeT KalnTAIOBIOKSHUH T10 CIIEIYIOINM HallPaBICHHAM:

- TIOATOTOBKA U CTHUMYJHMPOBaHHE KBaJIH(HUIMPOBAHHBIX CIICIHAINCTOB B
obOmactsax  pa3pabOTKHM, HHXKEHEPHOTO  aHajM3a, TPOU3BOACTBA U
9KCIUTyaTallil HAayKOEMKOH TPOJYKIHMH, SBIAIONIMXCS OTalamMu e
YKU3HEHHOTO ITHKJIa;

- OCHAIllEHHE TPEeINIPHUSITHII HOBEHUIIINM TEXHOJIOTHYECKHUM 000pYAOBaHUEM
JUTSl U3TOTOBJICHUS X KOHTPOJISI IPOAYKLIUH;

- ¢dopMHEpoBaHWE  KOPIOPAaTHBHOH  CHCTeMbl  HWH(OPMAIMOHHBIX
TEXHOJIOTMA  JKU3HEHHOTO  IIMKJIA  HM3IeNuil, paspabaTelBacMbBIX |
TIPOU3BOIAUMBIX 00BeIMHEHUSIMU npeIIpHATHI HayKOEMKOTO
MAaIIHHOCTPOCHHS.

®dopMupoBaHHe KOPIOPATHBHOM CHCTEMBI CYIIECTBEHHO IOBBIIAET
3¢ QeKTUBHOCTh pabOT MO TEepBOMYy M  BTOPOMY  HalpaBIICHUSM.
KoHKypeHTOCTIOCOOHOCTh ~ MPOJAYKIWH,  CO3/aBacMoil  OOBbEIUHEHHEM,
BO3pacTaeT B Cilydae MOCTABKH 3aKa34MKy XM3HEHHOTO IMKJIA HAyKOEMKOTO
W3JIeTHs,  IOBBIAIONIEH  €ro  OKCIUIyaTallMOHHYI0  HaJeXHOCTh U
CIIOCOOCTBYIOLIEH YBETMUEHUIO pecypcea.

[TocTpoeHne KOpHOpaTHMBHOW CHCTEMBI 00ECHEYMBACTCS KOMILUIEKCHBIM
NPUMEHEHHEM MPUKIIATHOTO TPOrPaMMHOTO 00eCIieYeH s BEPXHETO YPOBHS
JUTA YIIpaBIeHHUA >KM3HEHHBIM nukioM mnponykmmu (Production Lifecycle
Management — PLM) B COBOKYHHOCTH C YIpaBICHHEM pecypcamu
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npeanpusituii (Enterprise Resource Planning — ERP). WuterpupoBaHHbIii
komiuiekc PLM/ERP u dopmupyer cucremy uH(GOPMAIMOHHBIX TEXHOJIOTHIA
YKM3HEHHOTO IMKJIa U3JIETNH 00 beINHEHUS.

OOecriedeHe KOHKYPEHTOCIIOCOOHOCTH — TpeOyeT NpUMEHEHUsS Ul
KOPIIOPAaTUBHOW CHUCTEMBI MPOTPaMMHBIX TIPOJAYKTOB BEPXHEr0 YpOBHS,
MIpeAyiaraeMblX JIMJIEpaMH 3TOTO CEKTOpa MHPOBOTO phIHKA. B oOmactn
nporpamMmHBIX 1akeToB CAD/CAM/CAE wu cuctemsl ynpaBiieHHs! JaHHBIMA
npoxykunn PDM mumupyror xomnannu Siemens PLM Software, Dassault
Systemes u Parametric Technology Corporation. Jlns pa3HOCTOpPOHHETO
HWH)XEHEPHOTO aHanM3a u MOJIETTMPOBAHUS HEOOXOINMBI
cnennanmupoBanubie cucteMbl CAE. Jlunepamu CAE sBisioTCS KOMIIAaHUA
ANSYS u MSC Software. B Tpoiiky nmaepoB, Ipeiarariiux
crneranusupoBannble cucteMbl CAE, BxoauT xomnanust Dassault Systemes.
PLM peanuzyercs xomruiekcHbiM npumeHennem nakeroB CAD/CAM/CAE
COBMECTHO co crenuanusupoBanubiMu cucremamu CAE u cucremoit PDM.
[Iporpammubsie mpoxyktel  Autodesk, Kkak mpaBWiIO, JpyKECTBEHHBIE
ynomsayteiM CAD cpencrBam, npu HEOOXOJMMOCTH, HCIOJB3YIOTCS B
BBIITyCKE KOHCTPYKTOPCKOM M TEXHOIOTUYECKON TOKYMEHTAIIHH.

B o6mactu ERP nmunupyror komnanun SAP, Oracle Corporation u Baan.

AKTYaJIbHOCTH IPHMeHEHHsI KOMOMHUPOBAHHBIX JIETATEIbHBIX
anmapaToB JJIs pPelieHns 3371249 BOCHHO-TPAHCIOPTHOI aBHAIIMHT
Ap6yzos U.B., I'pummna E.1O.

BVYHI] BBC «BBA um. mpodeccopa H.E. XKykosckoro u F0.A. arapunay,
r. Mocksa

B cBere TMOCTOSHHO BO3HHMKAIOUIMX JIOKAIBHBIX  KOH(IUKTOB |
HecTaOWJIBHOH MEXKHAIIMOHANFHOH OOCTaHOBKHM JUISl 3aIlUTHl HWHTEPECOB
Poccun  menecooOpa3sHO HCMOJB30BAaTh CHJIBI OBICTPOTO pPEardpOBAHUSL.
OmHuM W3 HampaBICHUWH Uil  pEIIeHWs JaHHOW 3aJaud  SIBJISETCS
obecrieueHre MOOWJIBHOCTH BOWCK IIyT€M IOBBIICHUS ONEPaTUBHOCTH
MAacCOBBIX II€PEBO30K TEXHHKH, BOHCK M PA3IMYHBIX I'PY30B CIELHAILHOTO
Ha3HAYCHUS.

CeronHs u1s IepeOpOCKU BOWCK W BOGHHOM TEXHUKH HCIIONIB3YIOT BOSHHO-
TPaHCIIOPTHYIO aBUAIINIO, aBTOMOOMIIBHBIN U JKEIE3HOJOPOKHBIN TPAHCIIOPT,
OJJHAKO WX HCIOJb30BaHWE He J0CcTaTo4yHO d3(dexkTHBHO B  BHAY
OTPaHMYEHHOCTH TPAHCIIOPTHOW CETH M OTCYTCTBHSI HEOOXOAMMOTO 4YHCIa
a’poJpOMOB  COOTBETCTBYIOIIero  kiacca.  CylIecTByeT  HECKOJIBKO
HalpaBleHUH JJIs1 TOBBIIEHHUS OS(QGEKTUBHOCTH BBINOJHEHUS BOEHHO-
TPaHCIIOPTHBIX 33/1a4, TAaKMX KaK: YBEJIMYEHHE MaKCHMAaJIbHOW MOJIEe3HOU
Harpy3Kd; YBEJHYCHHE NATbHOCTH II0JIeTa; COBEPIICHCTBOBaHHE OOPTOBBIX
CPeNCTB  HAaBHTallMW,  CBSI3M W [WIOTHPOBAHHA;  YJy4IICHHE
9KCIUTyaTAllMOHHBIX  CBOWCTB  aBHALIMOHHOM  TEXHUKH;  yBEIHYCHHUE
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TpaHCTIOPTHOMH MIPOU3BOIUTENBHOCTH; yiydIlieHue TOTUTMBHOM
SKOHOMHYHOCTH.

B nanHO# cuTyanuu OJHUM W3 BO3MOXHBIX TEXHUYECKHX pElIeHUI
SIBIIICTCSI  CO3JIaHWE KOMOWHHPOBAHHBIX TPAHCIOPTHBIX  JICTATEIBHBIX
anmaparoB, HCMIOJB3YIOMIMX a’POCTATUYECKUH UM a’pOJMHAMUYECKHil
TIPUHIIUIIBI CO3/1aHUSI TOIBEMHON CUIIBI.

K mpeumymiectBam anmapaToB TakOro THIA OTHOCSITCS: CPaBHUTENBHO
HU3Kasi CTOUMOCTb MEPEBO3KH 32 CUET CHIKEHUS SHEPreTUUYECKUX 3aTpaT Ha
CO37aHHE NIOBEMHON CHUJIBL; OTCYTCTBHE NIOTEPh BPEMEHU JOCTABKU BOMCK U
TPY30B, CBS3aHHBIX C 3arpyKEHHOCTBHIO JOPOT WIH HEOOXOJMMOCTHIO
COBEPLIEHUS Nepecasiok; BO3MOKHOCTH TPaHCIOPTUPOBKHU
KPYIMHOTaOApUTHBIX ~ TSOKEIBIX TPy30B; OOJbINas AadbHOCTh  IOJICTA;
ymepeHHble TpeOoBanus k BIIIl; BO3MOXXKHOCTH BEpTHKaJIBbHOIO B3JETa U
MOCAaIKH.

Creyer moa4YepKHYTh, YTO peaju3alusl MEPEeYUCIeHHbIX BO3MOKHOCTEH
COMpSDKEHA CO 3HAUUTENBHBIMU TPYIHOCTSIMH B CBSI3M C OTCYTCTBHEM OIIBITA
MOCTPOMKM ammapaTtoB JaHHOTO Tumna. OJHAaKo, HAKOIUICHHBIA OrpOMHBIN
OIBIT CO3JaHMsI HA COBPEMEHHOM HAyYHO-TEXHHUUYECKOM YPOBHE CaMOJIETOB U
BEPTOJIETOB PA3IMYHOI0 HA3HAYEHHUSI, 3HAYUTEIbHBIM IPOrpecc B MOJIy4YEHUU
KaueCTBEHHO HOBBIX aBHALIMOHHBIX MAaTEPHUAJOB, @ TaKXE€ BO3MOXHOCTh
HCTIOJB30BAHUS B3PHIBOOE30MACHOTO HECYIIero Traza - Telus BMECTO
BOJOpOJa, NPUMEHSIBLIETOCS paHEe B BO3NYXOIUIABAHWUHU, MOXKET SIBUTHCS
OCHOBOW I pa3pabOTKM B HEHAJCKOW IMEPCIEeKTHBE KOMOMHHUPOBAHHBIX
JIeTaTEIbHBIX anmnaparoB c BBICOKHMU JIETHO-TEXHUYECKUMU
XapaKTepUCTUKAMHU.

OneHKa HEKOTOPBIX J03BYKOBBIX CAMOJIETOB 10 KPUTEPHIO
KOHCTPYKTHBHOTO COBEPIIEHCTBA MPH rPy30MepeBo3Kax
Ko63eB B.A., ®optunos JL.I'., dembsaenko 1.0., Kpeepenko O./1.
TAHTK um. I'. M. bepuesa, r. Taranpor

Brrgaromuiicst OTe4eCTBEHHBIN aBUAKOHCTPYKTOP U yueHsld P. JI. baptunu
¢ 40-X TOOB MPOIIJIOTr0O CTONETHS MCKal OTBET Ha Bompoc «Kakoif camorer
10 TPY30NEpPEeBO3KaM JydmIe?»,H00 MHOKECTBO CYIIECTBOBABIIMX TOTAA
KPHUTEPUEB OTHOCHJIMCH K CPABHEHHUIO OT/IEJILHBIX KaueCTB CAMOJIETOB.

P. JI. Baptunu B 1953 1. mombITancs OTBETUTh Ha YKa3aHHBIH BOIIPOC B
pabote «O TpaHCHOPTHOM KO3 (HUIMEHTE MOJIe3HOr0 JACUCTBHS CaMoJieTay,
rZe Tpelaraloch B KadyecTBE OLEHOYHOTO KPHUTEpHUSl HCIOJIb30BaTh
BUPTYaJbHYIO BBICOTY TMOJIeTa TI0 BEPTHKAIM, JOCTHTaeMyIlO IIpH
WCIIOJIb30BaHUH BCETo 3amaca roprodero. Kpurepuii ObUT MCKYCCTBEHHBIH 1
YCIIOKHEHHBIH TEPMOANHAMHUYECKIMH M MEXaHHMYECKUMH HM3bickamu. OH He
TIPYKIIICS HA TIPAKTHKE.

33



B 1974r. B nuckyccum, cocrosiBiieiics B YxrtomckoMm ¢ummane TAHTK,
BaptuHu cornmacuicsi ¢ HEOOXOAMMOCTBIO CHHTe3a KOA((HIMEHTa OLEHKU
yIENBHBIX — Ha €AWHUILy B3JIETHOM (CTapTOBOW) Macchl — Ipy30IEepEeBO30K,
CUMTasi MX OCHOBHOHM 3ajaded TPaHCHOPTHBIX MamuH. OH BHOCIENCTBHU
Ha3BaJl 3TOT KPUTEPHH TPAHCHIOPTHBIM, YTO OBUIO BHEPBBIE MCIOJIB30BAHO B
neuatd B. I1. KasHeBckuM B koHLIE 1974r.

OpHaKo STOT KPHUTEPHUH OKa3aicsi MEepeMEHHBIM B 3aBUCHMOCTH OT
JaTbHOCTH M 3arpy3Kdn camojeTa W IpH WX MaKCHUMAJbHBIX 3HAYCHUSIX
TIPEBpaIlaics B HyJIb.

K magamy 90-x rogos JI. I'. @opTHHOBBIM yiKe TOcie cMepTH bapTuHu s
yCTpaHEeHUs YKa3aHHOW HEOIPEeAEIEHHOCTH TPAHCIIOPTHOTO KPUTEPHS B HETO
Obla BBEJIEHAa B3aMMO3aBUCHMOCTb JTATbHOCTH TI0JIETa U 3arpy3KH CaMOoJIeTa.
OTO MO3BOJNIMIO A KaXIOTro caMojieTa ONpeAeNsaTh EIUHCTBEHHOE U
MaKCHUMaJlbHOE 3HAu€HHE KPUTEpHs, YTO TIO3BOJIWIO PEIIMTh 337ady
CpaBHEHMs CaMOJIETOB 10 YAEIbHBIM TIPy30IEepeBO3KaM, a TaKXKe CO37aTh
METOJIOJIOTHIO OLEHKH MX TexHudeckoro ypoBHs (TY) mis MHOXecTBa
COBpPEMEHHBIX M oOecrieueHus rmepexoBoro TY BHOBb CO37aBaeMbIX
camoneToB. Kputepuil 3TOT, Ha3BaHHBIH B OTJIIMYHE OT HEONPENECICHHOTO
TPaHCIIOPTHOTO KPHUTEPHUsI KPUTEPHEM KOHCTPYKTHBHOTO COBEpIIEHCTBA IO
YACNBHBIM TPY30IIEepeBO3KaM, ITO3BOJIMI YK€ Ha MPEIBAPUTEIHHOM JTaIe
MIPOEKTUPOBAHMUST MOOWJIBHO OIPEAESITh B3JIETHYI0 MacCy M CaMOJICThI-
MIPOTOTHUIIBI, BBITIOJIHSITE ONEPAIMU CPAaBHEHHS CaMOJIETOB PA3IMIHBIX MacC U
BUJIOB ITPU ()OPMUPOBAHUU TPAHCIIOPTHOI CETH peruoHa.

B noknane mpuBeneH CpaBHUTENBHBIN aHATN3 HEKOTOPBIX MACCAKUPCKUX
PEaKTUBHBIX CaMOJIETOB, CBHJCTEJILCTBYIOIMHA 00 OTCYTCTBHU JOJDKHOM
CTaOMJIBHOCTH M JOCTOBEPHOCTH CTATHCTHKH, YTO HEOOXOAWMO HE TOJBKO
JUId OIepalyil CpaBHEHMs JeTaTeNbHBIX amnapaToB, HO M A8 TOHCKa
HanpaBJeHul NoBeleHns TY caMoneroB B JalbHEHIIEM.

TexHoJ0rn4ecKasi MOAroTOBKA MPOU3BOACTBA (PYHKUMOHAJBHBIX STUeeK
BBICOKOI CTeNeHH HHTerpaluu
Jwuanos /I.P.
MAMWU, r. MockBa

OyHKIHOHAIbHAA sTueriKa BBICOKOH CTEIICHU HUHTErpaLUun -
(yHKIIMOHATbHAS SYCHKa HAa OCHOBE IEYATHOMW IUIATHI, XapaKTePHU3YIOIIAsICs
BBICOKOM TUIOTHOCTBIO YITAKOBKH KOMITOHEHTOB.

B kauectBe »osneMeHTHOW 0a3bl B TakMX SYEHKaxX HCIIOJIB3YIOTCS
NIPEUMYIECTBEHHO MIOBEPXHOCTHO-MOHTHUPYEMBIE KOMIIOHEHTHI.
MunuManbHbIM THIOpa3Mep naccuBHbIX SMD kommnonenToB —0,4 MM Ha 0,2
MM. Ha naHHBI MOMEHT MPOMBINUIEHHOCTBIO BBITYCKAIOTCSI KOHAECHCATOPEI,
emkocTblo 10 100 mmkodapan, ¢ BBHICOKOCTAOMIBHBIM JUAICKTPHKOM,
pesuctopsl ot 4,7 OM no 1 mMeraoMa, KaTymIKd WHAYKTUBHOCTH, MMIIEIAHC
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KOoTOpbIX Bapeupyercs oT 10 mo 120 OM, HomMuHaNBHBIH Tok — oT 200 10
500 MA, compoTuBiIeHHE MOCTOSHHOMY TOKy He Oombiie 0,8 Om. CreneHs
HMHTETpalUH TakkKe BO MHOTOM OINPEAENSIOT aKTUBHbIE KOMIIOHEHTBI, TaKHe
Kak MUKpOcxeMbl B kopiyce BGA.

[oBeimenne kod¢uuyeHTa WHTETpalMK sYEWKH BeleT 3a COoO0OoM
YCIO)KHEHHE TEXHOJIOTHYECKOTO IIPOIIecca M3TOTOBICHUS (YHKIMOHAIBHBIX
STYEeK.

ITo manubM, monydeHHBIM B OOO «AJIT Mactep» u B OAO «PTHU nm.
Axanemuka MUHI@», MOXHO 3aKIIOYUTh, YTO OCHOBHBIMH (pakTOopammy,
TOPMO3SIIIUMH  TIPOLIECC IPOU3BOJCTBA BBICOKO HHTETPANbHBIX SUEEK,
SIBIISIFOTCSL OTIEpallii, B KOTOPBIX MMEET MECTO dYeJOBeuecKHi (akTop, -
KOMIUIEKTOBaHHE, KOHTPOJb, PEMOHT, TEXHOJOTHYEeCKas MOJArOTOBKa
MIPOM3BOJICTBA.

[Momumo BpeMeHHOTO (hakTOpa MpPU MPOU3BOJCTBE BHICOKOMHTETPATBHBIX
s;YeeK HeoOXOAMMO YYMTHIBATh IIOKa3aTeNn KadecTBa H3roToBieHws. [lo
naHHbIM ctatucTuku «AJIT Mactep» u OAO «PTU um. Axagemuka MuHIa»
MOXKHO 3aKJIOUUTh, 4To 10 50% Opaka NpUXOAWTCS Ha HEKOPPEKTHO
TIOCTPOEHHBIH TepMonp(nIIb 1 HEBEPHO M3rOTOBIEHHBIA Tpadaper. B 06onx
ciry4asix Ae()eKThl MOTYT OBITh, KaK SIBHO BBIPaYKEHBI (HETIPOIAsHBIC BBIBOJIBI
KOMITOHEHTOB, XOJIOJHAs Taiika, OTCYTCTBHE TAsHOTO COCIMHEHHS), TaK W
MIOBIHMATH Ha paboTy yCcTpoiicTBa B NpOIECCE IKCILTyaTanuy (HEAOCTaTOYHO
KpETKOe MassHOE COCIMHEHHE MOXKET IIPUBECTH K OTKa3y YyCTPOWCTBa B
npolLecce SKCIUTyaTaluy PU CUIIbHBIX BUOPOHArpY3Kax).

YuutbiBasg 3TH (akThl MOKHO 3aKJIIOYHTh, YTO JUIS OpraHH3alUH
NPOU3BOJICTBA (PYHKIMOHAIBHBIX SYEEK BBICOKOW CTENEHH WHTETpaliu
HEeo0X0UMO:

1) BHexpennme Ha mpeanpusituun ERP-cuctempl — wuHTErpupoBaHHOIM
cucteMbl Ha 0a3e WH()OPMAIMOHHBIX TEXHOJOTWH Ui YHpaBIICHHS
pecypcamu npeanpuaTHs JaHHas cucreMa He0OXOAMMa sl aBTOMATH3ALUH
y4eTa KOMIIOHEHTOB M Ml aBTOMATH3aIllMM IIPOIEcca ITOJrOTOBKH
000pyIOBaHUSI.

2) aBTOMATH3HPOBAThH MPOIIECC M3TOTOBIEHHUS Tpadapera W MOCTPOSHHS
TepMonpoduiIsa 111 KOHKPETHON SYEHKN JUIS YBEJINYEHHS IPOLEHTAa BBIXO-
TOIHBIX SUEEK.

Pucku npu oT60pe nepcoHa a B KOMMepUYecKoii apuanuu
Koganes A.
MI'TY I'A, r. Mockaa,

Ilpn mnoxbope mnepcoHana B aBHAKOMIIAHMIO CYIIECTBYET OOJBILIOE
KOJIMYECTBO PHCKOB. OTH PHCKH CBSI3aHBI C OIMIMOOYHBIM OTCEBOM
kagaupatoB. C  mpuHATHEM Ha paboOTy He KBUIM(HUIHUPOBAHHBIX
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COTPYJIHHMKOB, YTO B JaJbHEHIIEM MOXET O3HayaTh MOSIBICHUE JAPYrou
LETTOYKH PHCKOB.

[MpunHsTHE pemeHnit HEOTHEMIIEMO OT BOCHPHSTHSI PUCKA, OT TICUXOJIOTHH.
OTO BOCHpHATHE, KOTOpPOE HCCIENOBAaHO Jaleko He B IIOJHOH Mepe,
MIPEACTABISAETCS NaPaT0KCATBHBIM.

Pucku mpn nmopbope mepcoHana B AEATEILHOCTH KOMMEPUYECKOH aBHannu
BBIJICNISIIOTCS. B CBSI3M C OOJBIIONH OTBETCTBEHHOCTHIO ABHAKOMIIAHUH 32
XKHU3HN TaccakupoB. OHM CBA3aHBI C KauyeCTBOM BBIMTOJHEHHS TPYHOBBIX
00s13aHHOCTEH NPUHUMAEMOro Ha pPaboTy COTpyIHHMKA. Takue pUCKH Kak:
KaTacTpo(bl CaMOJIETOB, IOTEPs] JOSUIBHOCTH KIHEHTOB, OaHKPOTCTBO
aBMAKOMIIAaHWM, HETIPAaBMIIbHASA SKCIUTyaTalysl BO3IYIIHBIX CYAOB M APYToe,
MOTYT TIOSIBUTHCSI B CBSI3U C OLIMOOYHOW CHUCTEMOM YIpaBiieHHs Moadopa
KaJpoB B AaBHAKOMIIAHWH, TPHEMOM Ha paboTy ‘‘cBoMX Hofe” u
HEIOCTaTOYHOMN CHCTEMOM 00yYeHHUs U NepeKkBaIn(pUKaIIU epcoHaa.

MHorue Bely, CBSI3aHHBIE C YNpPABIEHHEM PHCKaMH, JOCTaTOYHO Ode-
BUAHBI M He TpeOyroT MpuBIeYeHHS (POPMATBHBIX METOJOB M HAYYHOTO
anammza. K mnpumepy, W TmpakTuka, ¥ y4eOHMKH YOEXJaloT, YTO
KOHTPOJIUPYIOLME WJIM WHCICKIIMOHHBIE OpraHbl HE MOTYT OBITh
IOPUIMYECKH WM (PaKTHIECKU TOMYWHEHBI TeM CIyX0aM W BEJOMCTBaM,
KOTOpbIE OHHM TIPU3BaHBl KOHTPOJHMPOBaTh. MHaue 3PQPEeKTUBHOCTH
JEATEIBHOCTH COOTBETCTBYIOIIMX CTPYKTYp, @ C HUMH U 0€30IacHOCTb
nazgaioT. K npumMepy, ATOMHaZA30p HE MOXKET OBITH MOJINHEH MHHUCTEPCTBY
AQTOMHOM SHEpreTUKU. BpICIMil aTTECTALlMOHHBIA KOMHUTET - MUHUCTEPCTBY
oOpazoBanus ¥ T.1. Peamuzanusi MHOTUX JIPYTUX IMOJOXKEHHH TaKOro COpTa
SIBJISIETCSI BOIIPOCOM HE HaYKH, a MPAKTUKH.

KoHcTpynpoBaHue TPaeKTOPHii TAKTHYECKHX TPHEMOB CAMOJIETOB B
0a3e 3nannii BOCOC
Kopnees H.H.
MAM, r. MockBa

B moxmame mpencraBineH oguH U3 (parMeHTOB 0a3pl 3HAHHK OOPTOBOM
orepaTuBHO-coBeTyomell skcmepTHoit cuctemsl (BOCOC)  mampHEro
BozaymHOTo 60s1 2x2 (BOCOC JIBB 2x2) - OmOK KOHCTPYHPOBaHHA
tpaektopuit (BKT) mis kaxkaoro camoiera mapbl B TaKTHYECKOM NpreMa
(TIT), BetopanHoM B BOCOC2X2 13 yncna arpruopHoO 3aJaHHbIX.

B nmoknane paccmatpuBaercst 010K KoHcTpyupoBanusi Tpaekropuii (BKT)
camoreroB B 0a3e 3Hanuit BOCOC JIbB2x2. B 6a3e 3nanuit BOC3C [15B2x2
MIPOM3BOAUTCS OINEPATHBHOE YIpEXJafoliee BUPTyalbHOE MOJEITHUPOBAHHE
pa3BUTHS JajbHEro 0Os Iap caMoJeTOB Ul ONEpPaTUBHO HAa3HAYCHHOH B
BOCOC crparernn moBeAEHUS KaKIOTO CaMoJIeTa MPOTUBOAECHUCTBYIOIIMX
mmapel caMoJIeTOB HcTpebuteneit. CTpaTerus BKIIOYACT B ce0s BO3MOXKHEIC
BapHaHTHI TPACKTOPUI TMOJETa I KAKIOro CaMOJeTa CBOCH Maphl U Maphl
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CaMOJICTOB TPOTHBHUKA, MpPH O3TOM BO3HUKAET 33Jadya pealu3aluu
BXOJSIILIETO B HA3HAUEHHYIO CTPATETHIO TAaKTUYECKOTO IpHEMa, a TakkKe
BapHaHTHI UCIIOIB30BAHMS PA3IMYHBIX CPEJCTB M CIOCOOOB BO3JCHUCTBUS Ha
00BEKTHI BUPTYaJIHHOTO MOAEIHPOBAHUSI.

BKT Mmoxer paccmarpuBaThCsi KaK YHHBEPCAIBHBIH (YHKIMOHAIBHBIH
¢dparment 6a3p1 3HaHUI BOCOC m060i1 THIIOBOIT 00EBO¥ cHUTyalnH.

Jluteparypa

1. CredanoB B.A., ®enynoB B.E. «bopToBbIe onepaTnBHO — COBETYIOIINE
skcrieptHbie cucteMbl (BOCOC) THNOBBIX cHUTyalwii (yHKIHOHHPOBAHHS
AQHTPOIIONIEHTPUIECKUX (TEXHHYECKHX) OO0BeKTOB» - M.: M3m-Bo MAU,
2006r.

OuneHka BOeHHO-IKOHOMUYeCKO# 3 PeKTHBHOCTH CHCTEMBbI
HHTErPHPOBAHHOI JOTHCTHYECKOI MOAIEPKKH IKCIIIyaTAL UM
ABHAIIMOHHOM TEXHUKH BOEHHOI'0 HA3HAYEHHUS
JlazaukoB H.M., Koponenko B.B.,

MAMU, r. MockBa

AHanmW3 CymIECTBYIONIMX METOAOB, KOHIENIWA # paboT IOKa3kIBacT
HEOOXOAMMOCTh,  TIOWCKa  MyTell  TOBBIIICHHA  A(PGEKTUBHOCTH |
SKOHOMHYHOCTH TPOIIeCcca IKCIDTyaTalliy BO3AYIIHBIX CYA0B aBUAIIHOHHBIMH
YacTAMH IIyTeM pa3padOTKH TEOPETHUYECKHX IIOJIOKEHHUHA, MOJACIeH W
METOAMK WHTEIPUPOBAHHON JIOTUCTHYECKON MOAJEPKKH aBHALMOHHOMN
TEXHUKHM BOCHHOT'O Ha3HAYEHHMS.

Jus  onpeneneHus 3(PQPEKTUBHOCTH  (YHKIIMOHUPOBAHUS  CHUCTEMBI
UHTErPUPOBAHHOMN JIOTUCTUYECKON MOJACPKKU IKCITyaTallud aBUAllMOHHON
TEXHUKHA BOCHHOTO HA3HAYEHUS HEOOXOAUMO CHOPMHPOBATH COBOKYITHOCTH
TaKUX MMOKa3aTeJeH, KOTOPhIC MO3BONMWINA OBl IaTh TOJHYIO M OJHO3HAYHYIO
KOJIMYECTBEHHYIO OIICHKY BBITIOJTHEHUS 3a7ad 00eCIedeHUs NesSTeIbHOCTH
AKCIUTYaTHPYIOMINX aBHAMOHHBIX YaCTeH, a TAaKXKe OIICHKY CTEIICHH BIUSHHUS
MaTepHAbHO-TEXHUYECKOTO  00ECreYeHUs] W CHUCTEMBI  KAITUTAIBEHOTO
pPEeMOHTa Ha MOJHOTY IOCTIDKEHHSI KOHEYHOH IenN (YHKIHOHHPOBAHHA
JAHHOHM CHCTEMBI — MOIAEP)KaHHUS BBICOKOW OOETOTOBHOCTH aBHAIMOHHBIX
yacTell B YCIOBUSX OTPAaHHMYEHHOTO (DMHAHCHPOBAHUS M, COOTBETCTBEHHO,
HEOOXOMUMOCTH MHHHMH3AIMA CTOMMOCTH JKCIUTyaTal[di¥ aBHAIMOHHOU
TEXHUKH.

[IpoBeneHHbI aHANU3 MO3BOJSET ONPEACTUTh TOKA3aTeNH CHCTEMbI
WHTETPUPOBAHHON JIOTHCTUYECKOM TOJAEPKKUA U, BBIIEIMB B HeH
MTOJICUCTEMBI  DKCIUTyaTalliH, MAaTepHaIbHO-TEXHUYECKOTO O0eCIeucHuUs,
KalUTaIFHOTO PEMOHTA, C(HOPMHUPOBATH UX B COOTBETCTBYIOIINEC MHOXKECTBA,
XapaKTePU3YIOIINE CBOHCTBA TIOJCHCTEM.

Takum o0pa3zoM, U3 MHOXKECTBAa BO3MOXKHBIX BapuaHTOB cucTembl MIJII,
HEOoOXOAMMO BBIOpaTh TaKHE XapaKTEPUCTHUKH CHCTEMBI, TPH KOTOPBIX
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KPUTEPU BOCHHO-IKOHOMHUYECKOW 3(ddekTHBHOCTH OyneT CTPeMUTbCS K
IKCTPEMYMY.

OcCHOBHasl 3a/ja4a HMHTETPUPOBAHHOM JIOTMCTUYECKOW TOJIEPKKH —
pecypcHoe oOeclieueHHEe aBHAIMOHHBIX 4yacTeid. Iyl MOCTHIKEHUS BBICOKOM
0OEroTOBHOCTH  YacTH  HEOOXOJMMO, YTOOBI  HEOOXOAMMBIA  TeMII
OTPeOICHUS PECypPCcoB oOecreunBaics GaKTHISCCKIM TEMIIOM X MOCTaBKH.
[Ipr HECOOTBETCTBHMU TEMIIOB BO3HHKACT PACCOTIACOBAHWE, YTO IPHUBOIUT
mr00 K HEBBITONHECHUIO IDIaHAa OOEBOW IOATOTOBKH, OO K BO3PACTaHHIO
3arpar. Takum oOpa3oM, TOKa3aTeneM, XapaKTepU3YIOIIM 00eCIIeueHHOCTh
pecypcamMu, MOXKET CIIYy>KUTh Pa3HOCTh MOTPEOHOTO M (PAKTHIECKOTO TEMIIOB
ITOCTABOK PECYPCOB, OTHECEHHAS K IOTPEOHOMY TEMITY PECYPCOB.

AHaHOFI/I'-IHO, B BHJAC TEMIIOB IMOTOKOB MW BPCMCHHBIX 3aH33HLIBaHHﬁ,
MOJKHO IPEACTAaBUTH MMOKA3aTCIM BCEX paCCMAaTPUBACMBIX ITOACUCTEM.

B kauecTBe mokazarelnsi, XapaKTepU3YyIOLIETO SKOHOMHUYECKHH 3ddekT,
MOYKHO HCIIOJIb30BAaTh CTOMMOCTB Yaca HajéTa aBUallMOHHOM YacTH.

Pa3pabarpiBaeMbIil KpUTEPHH YUUTHIBAET ONKCAHHBIC BBINIE MOKA3aTEIH U
MO3BOJIIET J1aTh KOJIMYECTBEHHYIO OLEHKY CHCTEME WHTErPHPOBAHHON
JIOTHCTUIECKON MOIACPIKKH C OMpeeICHHBIM HaOOpOM MapaMeTpOB.

OnTuMu3anus napaMeTpoB TPAMILIMHHOTO B3JIETa CAMOJIeTa HA OCHOBE
MaTeMaTH4ecKOro Moae TMPOBaHMS
Kpeepenko O.J1., Kpeepenxko E.C.
TAHTK um.I'. M. bepuesa, r. Taranpor

B xoze qUIIIOMHOTO POEKTHPOBAHMS caMoJIeTa NajlyOHOro 0a3upoBaHUs
OblTa TOCTaBJIEHA LENIb ONTHMHU3UPOBATH XapaKTEPHCTHKH camoJieTa IpU
B3JIETE C TPAMILIMHA.

TpaMIIMHHBIA B3JIET KOpaOEIbHOTO caMolieTa sBJsieTcst 0ojiee CII0KHBIM
9TAllOM JIBIDKEHHS, YeM B3JET C OOBIYHOTO a’poapoMa, YTO TNPHBOIUT K
HEOOXOIMMOCTH MPOBENCHWS ONTHMH3ALUM [apaMeTpoB B3JeTa Ha
HECKOJIBKUX y4acTKaxX TPAeKTOPHH:

e Ha JTale pasroHa CaMoJeTa MPU JBIKEHHH 10 TOPU30HTAIBLHOMY
Y9acTKy MaryOsr;

® IIpH ABM)XEHWH TIO KPUBOJIUHEHHOMY TPaMIUIMHY, KOTOPBIH ITO3BOJISIET
HaOpaTh OMpEEICHHYIO BBICOTY HaJ MOBEPXHOCTHIO MANyOBl M yroi
HAaKJIOHA TPAaeKTOPHUH, IIPU KOTOPOM IPOHCXOAUT OTPBIB  OT
MOBEPXHOCTH KOPaOIIsi ¢ HOPMaIbHOI Meperpy3Koif, MeHbIIIe eUHHUIIBI;

e Ha BO3IYILIHOM y4yacTKe pa3roHa caMojieTa A0 CKOPOCTHU, IPU KOTOPOii
MpeKpaIiaeTcs yMEHbIICHHE YI1a HAKIIOHA TPASKTOPHUH.

B nporiecce onTumm3aniy paccMaTpUBaIOCh:

e onpenesieHHe MAaKCHMaIbHOTO B3JIETHOTO BEca CaMoJIeTa IPH B3JIETE C
TPaMILTHHA HEMOABIKHOTO aBHAHOCIIA;

38



® ICCIIe/IOBAHUE BIMSHHS CKOPOCTH IBIDKEHHUS] KOpalOisl Ha Juana3oH
JIOTTYCTHMBIX B3JICTHBIX BECOB;

e BIUsHHME OOKOBOTO BETpa Ha XapaKTEPHCTHKH B3JeTa camoyeTa C
MaKCHMaJIbHBIM BECOM;

e MOJEJIMPOBaHME B3JI€Ta C TPAaMIUIMHA C OTKa30M MapIIeBOro ABHIATENs
IIPY HEeBMEIIATENbCTBE JICTYMKA B YIPABJICHHE,

e MOJENIUPOBAHKE B3JIeTa C TPAMIUIMHA C OTKa30M MapLIEBOTO JBHTATEIS
C MapUpOBaHHEM BO3HHUKAIOIIMX INPU TOM KpeHa M YBOAA IO Kypcy
OTKJIIOHEHHWEM DJJIEPOHOB M Py HalpaBIeHUS C 3aJepKKOH Ha
PEaKIHIO MUJIOTA.

B  kauectBe HHCTpYMEHTapusi JUIi IPOBENCHUS  HCCICHOBAHHIN
UCIIONB30BaHAa MaTeMaTH4yecKas MoJelb [AWHAMHUKH II0JIeTa CcaMoJeTa,
pa3paboTaHHas B cpelie CHELHaIU3MPOBAHHOTO KOMIUICKCA MOJAEIUPOBAHUS
u aHanmu3a JUHAMUKI JIeTaTeNbHBIX anmnaparoB FlightSim
(MATLAB®/SIMULINK).

MHorokpuTepHuajbHas oNTUMU3ANUs PopMbI MPoduIsi Kpblia
€aMoJIETA ¢ MOMOIIBI0O MPpOorpaMMHoOro kommiekca MACROS
Aprenso 1., Bopo6ser B.B., Jlebenes M.B., [Tocnieno A.U., SAporknit JI.A.
DATADVANCE, r. Mockga

JlanHas paboTa MOCBSIIEHAa PEMICHHIO 33Jadll MHOTOKPHUTEPHAIHHOM
ontuMu3anmu (hopmsl npoduis Kpeuia camonéra ¢ nomoisio [IK MACROS
JUI TIPENCKa3aTeIbHOI0 MOIETHPOBAHUS M ONTHMHU3AIUH, pPa3pabOTaHHOTO
xomnanueit DATADVANCE.

PaccmarpuBanace 3amada ¢ IByMsl KpUTepUsMHU. B kadecTBe KpuTepHeB
Ob1TH BBIOpaHB! K03 GHuIMeHTs oabeMHol ciitbl CL u conpotusnenus CD.
Heobxoaumo Obuio makcummsupoBate CL u mMunmmmsupoBate CD mpu
HEKOTOPHIX 33/IaHHBIX OTPaHWYEHHMAX HA YTOJI CXOKACHHWA W TONIIHHY B
MecTax KperieHns: pebdep xectkoct. Pacuer CL u CD ocymiecTsisuics st
OKOJI03BYKOBOTO pexkuMa (0.8 Maxa) ¢ MOMOIIBIO pemaTens ypaBHCHHH
MOJTHOTO TIOTeHInana, paspaboranHoro B LUAI'W, u pemartens ypaBHEHHA
Otinepa m3 otkpeitoro IIK Open Foam. BBuay Toro, uto Ha mpakTHke
KXl pacdeT MOXKET 3aHMMaTh JIMTEIBHOE BpEMs, ONTHMHU3AIMA
BBIMOJIHANACHE TIPU  JKECTKOM OTlPaHMYEHHH Ha KOJHYECTBO 3aIlyCKOB
pematens (150 3amyckoB).

Jlyist perieHust TaHHOM 3a/1a4M OBbLIT IIPUMEHEH LETIbIi Psii THHOBALMOHHBIX
MOJIXOJI0B, OCHOBAHHBIX HAa COBPEMEHHBIX aJrOpUTMAax aHajau3a NaHHBIX U
ontuMu3aimu. O¢pQPexTHBHOE onucaHue Mnpoduias 9  HemnpepbIBHBIMU
rapamMerpamMu OBUIO TONYyYeHO IIyTeM ONTHUMAajbHOTO NPHOMMKEHHs 9-
MEpHBIM MHOT000pa3ueM >JIeMeHTOB 0a3bl maHHBIX n3 200 KiraccHyecKux
OKOJIO3BYKOBBIX mpodmmeii. Ontumusanus mpo¢wuieil Oplia ocHOBaHa Ha
aJaliTUBHOM METaMOJEIUPOBAHUM, 3aKIIOYAIOMIEMCS B MHOTOKPaTHOM
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UTEPaTUBHOM TIOCTPOCHHH U TIEPECTPOCHUH AaNlpOKCUMAIMH IeNeBbIX
¢yuakmuit CL, CD Ha 0CHOBE UMCIOIIUXCS HAa JAHHON MTEPaIlUH PacueTHBIX
JaHHBIX. lcnomb3oBaHume MeTamozesned LeNneBbIX (YHKIMH MO3BOJIHIIO
3HAYUTENBHO COKOHOMUTH YHCIIO BBI30BOB a3pOJUHAMUYECKOTO peIIaTes B
CHIIy  CIEIyIOIIMX  OOCTOATENBCTB:  ONTHMH3ALMOHHBIA  aJTOPUTM
mpuMeHsUICsT Al mporHo3a Ilapeto-addexktuBHBIX (opM mnpoduns ¢
TIOMOIIBI0O METaMOAEeNeH, MOocie 4ero Hanboyiee MEepCIEeKTHBHBIE (OPMBI
TIPOBEPSUTICEH peraTesieM U J00aBIsUINCh B 0a3y JaHHBIX JJIS OCIEAyFOIer
KOppeKIMH  MeTramomend.  KiroueBble  3JE€MEHTBI  NPEIOKEHHOTO
KOMIIJIEKCHOTO ~ ONTHMHU3AI[MOHHOTO IIpolecca OBUIM  pEealn30BaHbl C
momompio IIK MACROS, conmepamero COBpeMEHHBIE —aITOPUTMEI
TUTaHUPOBAHUSA IKCIIEPUMEHTOB, IIOCTPOCHUS MeTaMo/IeJIell U ONITUMH3AIIHN.

[Mapero-hpoHT pemieHnii, NONYYSHHBIX B pe3yJbTaTe IPOBEACHHOM
KOMIUIEKCHOM ONTHMHU3allMM, OKa3ajcs CYIIECTBEHHO Jy4lle Hadopa
pelIeHn, HaWIEeHHBIX CTaHAAapTHBIM reHeTndeckuM anroputMom NSGA-II,
KaK B CJlyuyae YpaBHEHUIl MONHOro MOTEHLMAaNa, TaK U B Clyyae ypaBHEHHH
Oinepa. Kpome Ttoro, B Xxonae paboTbl ObUT BBISIBICH pSA  IPYyTUX
MIPEUMYILECTB HCIOJIB30BAHUS TPEICTABIEHHOTO TIOX0/a M0 CPaBHEHHMIO C
MIPSAMON ONITHMHU3AINEH: METaMOIeh 3a4acTy0 OKa3bIBAETCsl MEHEE ITyMHOU
10 CPAaBHEHMIO C WCXOIHOW; IO3BOJIICT NMPHMEHSATh T'PaJHEHTHBIE METOJBI
ONITHIMU3AIMN; METaMOJIENIb MO>KHO HMOBTOPHO HCIIONB30BaTh VIS PEIICHHS
JOpYTUX 337124 (He TOIBKO ONTHMH3AINOHHBIX ).

MeToauKka OLIEHKH pecypca aBHAMOHHBIX KOHCTPYKIHMIi B YCJI0BHUSIX
IKCIIYaTAHOHHOTO HATPY KEeHHUS
Jlomkapes A.H.
MAMU, r. MockBa

B paGore mpencraBieHsl pe3yabTaThl pa3pabOTKH METOAMK pacdera
JIMHAMAYECKHX XapaKTepUCTHK M OLCHKH pecypca 3JIEMEHTOB OICPEHHUSI
W3MeNMil  ABHALMOHHOW  TEXHHKHM,  HAXOMSMIErOCsT B YCIOBHSIX
HECTAlIMOHAPHOTO  CIIyYaifHOro0 HarpykeHus. MeTonuka OCHOBaHa Ha
MOCTPOCHUH PACYCTHON MO KOHCTPYKINH ISl OTIPEICICHHS 1apaMeTPOB
JIMHaMUAYECKOTO HAMPSDKEHHOTO COCTOSHUSI U TIOCIIEIYIOMIEM HUCIIONB30BAHNUH
KOPPEKTHPOBAHHOM THIOTE3bl JIMHEHHOTO CYMMHpPOBaHHS YCTATIOCTHBIX
NOBpeXKIeHUIT. B KadecTBe mpuMepa peanu3allii METOIHKH BBIOJHECH
pacuéT MOATrOBEYHOCTH TOHKOCTCHHOH HeCyIleld MOBEPXHOCTH H3MCNHs, B
mpoliecce AKCIUTyaTallid  TPAHCIIOPTHPYEMOTO Ha BHEIIHEH MOJBecKe
Hocutenst. JIs pelieHus 3aqadM BBIOpaHAa CHCTEMa KOHEYHO-3JIEMEHTHOTO
MojenupoBanust Ansys/Multiphysics.

IpoBepka KOPPEKTHOCTH MOJICIUPOBAHHS IPOBOIIIOCH IIyTEM CPaBHEHUSI
3HAYEHU COOCTBEHHBIX YACTOT [UISi MOJENH M PEalbHOW KOHCTPYKIIHH.
3HaueHUs] COOCTBEHHBIX YacTOT PEalbHOW KOHCTPYKIHMH ONPEIEISIOTCS H3
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rpaKoOB CHEKTPAJbHOW IIOTHOCTH BHUOPOYCKOPEHHM, IMOJYYEHHBIX IpU
na6opaTopH51x HCIIBITAHUAX Ha BI/I6paHI/IOHHyIO IMPOYHOCTD U3JACIIUA.

Ha ocHoBe pa3paboTaHHONW KOHEYHO-3JICMEHTHOW MOJCIH U3ICTHs, C
y4€TOM €ro KOHCTPYKTHBHBIX OCOOEHHOCTEH M YCIOBHH 3KCIUTyaTallMOHHBIX
Harpy>XeHUH, MOJIy4YeHbl AVHAMHUYECKUE XAPAKTEPUCTUKU KOHCTPYKIMHU U
OINpEeNEeNeHbl 30HBl JEHCTBHAS MaKCHUMAlbHBIX HANPSDKEHWH B 3IEMEHTax
H3JENusl.

CchopmMupoBaHEl ~ aNTOPUTMBI  OLEHKH  IIOKa3aTeNiel  10JITOBEYHOCTH
TOHKOCTEHHBIX KOHCTPYKIUH PacCMaTPUBAEMBIX M3JENNN C y4€TOM BIIUSHUS
CBapHBIX COEIMHEHUH. AJNTOPUTMBI OCHOBaHBl HAa HCIIOJIb30BAHHUU
KOPPEKTUPOBAaHHOW JIMHEHHOM TMIIOTE3bl CyMMMPOBAHHS IOBPEXKIACHUM U
JAHHBIX JIAOOPATOPHBIX MWCHBITAHUH, MPEACTABICHHBIX B BHAE TaOJIHIl
MIOBTOPSIEMOCTH M 3HAYECHWH YCIOBHOM NoBpexaaemoctu. IIpu mposeneHun
UCTIBITAaHUN Ha BUOPAIMOHHYIO MPOYHOCTH BOCIPOMU3BOIMINCH KoJeOaHUS,
ONMM3KMEe K peabHBIM, KOTOpblE OBUIM 3aperHCTPUPOBAaHBl  OOPTOBON
anmapatypoil BO BpeMs IPOBEACHMS JIETHBIX MCIBITAHMM Ha pexuMax,
COCTOSIIIIMX M3 BCEX DBOJIIOLMHA THIIOBBIX IOJIETOB HAa 0OEBOE NMpHMEHEHHE
camonera Cy-34.

Pe3ynbraTel pacueTHBIX HCCIEHOBAaHMM  XOPOLIO  KOPPEIHPYIOT C
9KCIIEPUMEHTAIBHBIMA ~ JaHHBIMH, TIOJMy4YeHHBIE IpH  J1abOpaTOPHBIX
UCTIBITAaHUAX Ha BHUOPALMOHHYIO MPOYHOCTh ABHAIMOHHBIX M3JAENUI B
ucneitarenbHoM  komiuiekce «lIpounoctey @OI'VII «THIIIT «bazanbTy.
Pa3paboTaHHble METOAMKHN pacueTa JUHAMHYECKUX XapaKTEPUCTUK U OLEHKU
NoKa3aTesel JOJITOBEYHOCTH 3JIEMEHTOB KOHCTPYKLUHU UCIOJIB30BAIIUCH MPU
MpOBEACHUN na60paTopH1)Ix HCHLITaHHﬁ, KOTOPBIC IMO3BOJIMIIN CYIIECTBEHHO
COKPaTUTh 00bEM JIETHBIX HCIBITAHNIA Ha Ha3HAYEHHBIH pecypc.

CepTudukanusi IPOU3BOACTE MATEPHAIOB ABHAIIHOHHOT0 HA3HAYEHNS
JHouckoit A.A., OBunaHEKOB A.1O., Tymanos B.A.
CII «<MATEPUAJI», r. Mocksa

B KOHCTpYKIIMM COBPEMEHHBIX BO3AYIIHBIX CyIOB MPUMEHIETCS IUPOKUHA
CHEKTp METAJUIMYECKHX ¥ HEMETAIUIMYECKHX MAaTepHaioB. BaxHeUmmMm
ycroBreM OOEeCTIeUeHHs WX KadecTBa SIBISIETCS CePTU(UKAINS TMPOU3BOICTB
STHX MATEPUAJIOB, YTO SBJISACTCS BaXKHEUIIMM (PAaKTOpOM B KOHKYpPEHTHOM
6opnoe.

B co3maBHmIMXCS  COBpPEMEHHBIX YCIOBHSAX BBIOOp MaTepHaza ¢
HEOOXOJMMBIM KOMILJICKCOM CBOMCTB, OIpEICICHHBIC IOCTABIIUKA |
MaTepHallbl SBISIOTCS MPEPOraTUBON MPOU3BOAUTENSI ABUAITUOHHON TEXHUKH,
MMO3TOMY HCEOOXOJWUMBI HOBBIC IOAXOIBI K OOCCIICUCHUIO KadecTBa
MaTepuana. TepMHH «Ka4ecTBO» B JaHHOM cCiydae o0003HadaeT, dTo:
MaTepual WMEeT KOMIUIEKC CBOWCTB, COOTBETCTBYIOIIMX HOPMATHBHOM
mokymernrarun  (TY, TW, crammapTel); Marepwal MPOU3BOIAT IO
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TEeXHOJIOTUH, B  KOTOpOH  coOONIOfeHBl  TpeOoBaHMA  HOPMATHBHOM
nokymentauun (TH, crangapTel); mpolecc CEpUHHOTO MPOU3BOJICTBA
MaTepHara W €ro CBOWCTBa CTaOWIBHBI; yNpaBJI€HHE IMPOLECCOM
MIPOM3BO/ICTBA MaTepuasia BEAETCS B COOTBETCTBHU CO CTaHAAPTAMH CEPHHU
I'OCT P HCO 9001-2008. KauectBo MaTepmana i aBHAI[IOHHBIX
KOHCTPYKIIMH  TOATBEPXKIAEeTCs B  Ipomecce  CepTUHKALUM  €ro
npom3BoacTBa  («CepTHdHKAaT TNPOM3BOACTBA MaTepHana») ©  IIpH
HCCIIeIOBAaHUH €ro cBOHCTB («CepTuduKar TUIay).

BBenenne cucteMbl cepTH(UKAIMU BBI3BAHO MPOIECCAMH HWHTETPallui B
MHpPOBOE  COOOILIECTBO  NPOM3BOAMTENCH  ABHAIlMOHHONW TEXHUKH U
MaTepHaoB IS Hee.

B03MOXXHOCTh ydacThsi B 3TOM MpOILECCE CBs3aHA C HEOOXOIMMOCTHIO
NPUHATUS CHCTEMBI O0ECHEYeHUs] KadyecTBa, HCIOJIb3yeMOW MHPOBBIMU
NPOU3BOJIUTEISAMU TMPOAYKIMK JUIS ABUALMOHHOM TEXHHKH, B OCHOBY
KOTOPBIX TOJIOKEHbI NpUHOMNBI  cepTudukanmu. CepruduKamoHHOE
o0crieIoBaHNE KauyecTBAa CHUCTEMBI YIPABICHUS IPEANPHUATHEM, COCTOSHHUS
00opyoBaHwUs, MIPOM3BO/ICTBEHHBIX MIPOLIECCOB, UCTIBITATEbHBIX
7a00paTopuii, METOMOB KOHTPOJI SIBISIETCS HENPEMEHHBIM YCIOBHEM
MIPOM3BOACTBA MATEPUANIOB ISl a’pOKOCMHUYECKHX meneil. Hammuwme y
TIPEANPHUATHS CEPTU(HUKATOB, MOATBEPKIAIONINX KadeCTBO €ro MpOJyKINH,
SIBIIIETCS BAXKHBIM (PAaKTOPOM B KOHKYPEHTHOU O0opboe.

BiiusinMe UHTEPUENTOPA HA MOAbEMHYIO CHIIY a3POTHHAMUYECKOT0
npoguis
Penpkuna K.B., ®posos B.A.
CT'AY, r. Camapa

Lenpto maHHOW paboOTHI SBISIACH Pa3padOTKa MaTeMaTHYECKOW MOJEIH
TEUSHHS OKOJIO a3POINHAMUYECKOTO MTPOQHII C HHTEPLEITOPOM.

OOBEKTOM HCCIENOBAaHMS SIBIISUICS. CHUMMETPHYHBIN a’pOIMHAMUYECKUH
MpouiAb C IUIMNTHIECKOW HOCOBOH YacThiO, XBOCTOBAs 4acTh KOTOPOTO
o0pazoBaHa JBYMS Jyramu okpykHocTH. Ha BepxHeil moBepxHOCTH Tpoduiis
yCTaHaBIMBAJIAaCh OCCKOHEYHO TOHKAas IUIACTHHA, WIPAIONas  poib
HMHTEPLENTOpa.

Teoperndeckass 3HAYUMOCTh PabOTHl  3aKIIOYAETCS B  IIOJNyYCHUH
(yHZaMEHTANBHBIX HOBBIX 3HAaHMH O TMapameTpax UPKYJSIIHOHHBIX
NOTEHIMAJBHBIX ~ TEYCHUI  OKOJIO  a’dpoIUMHaMHUueckoro mpodwis ¢
HHTEPLENTOPOM.

[MpakThueckass 3HAYUMOCTH  PabOTBI  COCTOMT B BO3MOXHOCTH
HCIOJb30BAHUS JAHHOW MOJENU JJIi WHXKEHEPHBIX OLEHOK H3MEHEHHS
TTOJbEMHOM CHIIBI TPOGHIIS C HHTEPIIETTOPOM.

[Mpennoxkena wmaremMaTHdecKas MOAENb IOTEHIMAIBHOTO TEUEHHS C
LOUPKYJSIIAEH OKoJo Mpoduiast ¢ HHTepHenTopoM. Pemenne 3amaun

4



oOTekaHus NpoQwiIs NpU HAJIUYMKM HHTEPIENTOpa IONYy4YeHO Ul HOTOKa
HEC)KMMAEMOM UACABHOM KUAKOCTHU. TedeHue 1oarajioch NOTEHIUAIbHBIM.
JUia pemieHus 3aJaud NPUMEHSUICS YHCIEHHO-aHAMTHUYECKUH METOJ, CyTh
KOTOPOTO COCTOMT B COBMECTHOM IPUMEHEHHHM TEOpHH (YHKIHN
KOMIUIEKCHOTO MEPEMEHHOr0 U METO/la JUCKPETHBIX BUXPEH, YTO MO3BOJIMIO
MIPEACTaBUTh AHATUTHYECKYI0 (JyHKIMIO KOMIUIEKCHOTO MOTEHIMala B BHAE
KOHEYHOTrO Psifia, YUCIO WIEHOB KOTOPOrO PaBHO KOJHYECTBY IUCKPETHBIX
BUXped. B Mozenn mcnonb3oBanack TUMOTE3a CTALMOHAPHOCTH BHEIIHETO
BHUXps, PACHOJIOXKEHHOIO 3a HWHTEPLENTOPOM, HHTEHCHUBHOCTb KOTOPOTO
HaxXOAWJIACh W3 YCIOBHA KOHEYHOCTH CKOPOCTH Ha 3aJHEH KpOMKe
HMHTEPLENTOpA.

B paMkax  dYHCICHHO-aHAJIUTHYECKOI'O  METOJAa  MOJEIHPOBaHHE
MHTEPLENTOPa U XBOCTOBOH YacTH MPOoQUIIsl BHIIIOJIHEHO C IOMOIBIO Habopa
TOYEYHBIX JUCKPETHBIX BUXpEHl. PacmosokeHue BHEIIHEro CTallMOHAapHOIO
BUXpA 3a HUHTEPLENTOPOM OINPENesuIoCh METOAOM IOCIIEA0BaTENbHBIX
npubmwkeHnit. Ha  kaxagoM — npuOMMKEHWM — TPUMEHSUICS.  METO.X
ONTHMHU3allMK. B kadecTBe ueneBOd (YHKIMH HCIOIB30BAICS MOIYJb
MOJTHOW  CKOPOCTH 33 HCKJIIOYEHHEM KOMIIOHEHTBHl HMHAYLHPYEMOM
CTALMOHAPHBIM BHEIIHMM BHXPEM, PACHOJOXKEHHBIM 32 HMHTEPLENTOPOM.
Pemanace 3amada MMUHUMH3AIMM LETE€BOW (QYHKIMH C OTpaHWYEHHSIMH, B
Ka4eCcTBE KOTOPBIX HCIIOJIB30BATNCh TIPaHMIBI O0JNACTH TEYEHHS 32
HHTEPLENTOPOM.

[Mony4deHo, 4ro obmiee cHMWKeHHE KOAQPHUIMEHTa MOABEMHON CHIIBI TIPH
3aJJaHHOM VyIJ€ AaTaKu 3aBUCHUT OT PACIHOJIOXKEHHUS, pasMepoB U yria
OTKJIOHEeHUsI wuHTepuenTopa. KoadduuuenT mnoxbEMHON cuibl Tpoduis
yYMEHBIIAETCS TPU YBEIMUYEHUHM €ro OTHOCUTEIbHOM XOpAbl M yria
OTKJIOHEHHUS.

PesynbraThl MccienoBaHUs MOTYT OBITH HCIIONIB30BAHbI JUIS WHKEHEPHBIX
OLICHOK BIUSHHA HHTEPLENTOpPa Ha MOABEMHYIO CHILy adpOAMHAMHUYECKHX
porIei.

IIpumeHeHUEe cCOBpeMEHHBIX KOMNBIOTEPHbIX TEXHOJIOTUI PH
pectaBpauiu 00beKTOB ABMAIIUOHHOM TeXHUKH
Copnukos A.f., Macnos 10.B.

MAMWU, r. MockBa

Ienbto maHHON pabOTHI SABJISETCS pa3pabOTKa METOOB BOCCTAHOBJIICHHS
OTCYTCTBYIOIIUX 3JIEMEHTOB UCTOPUUECKUX CAMOJIETOB MPHU UX PECTaBpAIUU.
B HacTosliee BpeMs MHOTHE aBHAIMOHHBIC (QHPMBI, KPOME CBOCH
OCHOBHOH pPa0OTBI YYaCTBYIOT B pECTaBpallMd OOBEKTOB aBHAIMOHHOU
TEeXHUKH, UMCIOIIHE UCTOPUIECKOEe 3HAaueHHUE. TPYAHOCTh BOCCTAHOBIICHHS
CaMOJIETOB, BBITYCK KOTOPHIX MPEKpalleH TaBHBIM-JAaBHO W OT KOTOPHIX HE
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COXPaHWIOCH JaXke YepTeKel, CTABUT 3a/ayM MO CO3JaHMIO JeTalel Mo TeM
(parmMeHTam, KOTOpPbIE UMEIOTCSI B HAJTMYHH.

CoBpeMEeHHbIE KOMITBIOTEpHBIE TEXHOJIOTMH TO3BOJISIOT PELIUTh 3TH
CJIO)KHOCTU M COXPAHWUTH CTapble U CTapUHHBIE CaMOJIETHI JUI1 MY3€€B TOM
YHCIIe U KaK JIETAI0HX SKCIIOHATOB.

Bcio nocnenoBaTenbHOCTS HEOOXOIMMBIX ICHCTBHI MOKHO MPEACTABUTH B
CIIe/TyFOIIeH TTOCTIeIOBATEIbHOCTH:

- 3aMepbl OTCYTCTBYIOIIMX YacTed 00BOZO0OPa3yIOMMX MOBEPXHOCTEH Ha
COXPaHUBIIUXCSI CaMOJIETOB C MOMOIIBIO KOOPJAMHATHO-U3MEPHUTEIBHBIX
MaIlluH;

- myTeM 00pabOTKM pe3yIbTaTOB IONyYHTh MaTeMaTHUECKHE MOJCIH
IIOBEPXHOCTEH;

- [0 MOJENsAM IIOBEPXHOCTEH cO3[1aTh MOJENH pPa3BepTOK JIMCTOBBIX
3ar0TOBOK;

- [0 MOJeNsAIM TIIOBEpXHOCTE M  pa3BepTOK  CIPOEKTUPOBATh
TEXHOJIOTMUECKYI0 OCHAacTKy W pa3paborarb mporpamMmy A ee
HM3rOTOBJICHHS Ha cTaHkax ¢ UITY;

- MyTeM THOKH-OOTSDKKM TOJMYYHTh TpeOyeMble NeTand W NMPUMEHHTh WX
TIPY pecTaBpalvy.

VYka3aHHBIE METOABI NMPUMEHSUINCH NPH PEcTaBpalyy camoiera Sk-3 mo
3akazy ofgHoi u3 ¢upm. Ilepen ceKTOpoM KOOPIMHATHO-W3MEPHUTENBHBIX
MammH Jrabopatopun KomnbioTepHoil Tomorpadmu PL] TIVIA MAU Owiia
MOCTaBJIEHA 3a/Jada [0 IPOM3BEICHUIO 3aMEpPOB KOHTYPOB 3JIEMEHTOB
camosera SIk-3 17 BO3MOXKHOCTH CO3JaHMA MX MaTeMaTHUYECKUX MOJAEIeH:
3aJM3 KpbUia (TepeHuil 1 3aJHUH 00TeKaTesn), KaHall BO3/1yX03a00pHHKa (B
3aJM3e Kpblia), 3aKOHIIOBKA KpblIa, 00TeKaTeIb paauaTopa, HarlIbIB.

3aMmepsl NPOBOAMINCH Ha COXPaHMUBIIEMCS OHK3EMIUIIpE camojeTra Ha
IloxnoHHoOll rope ¢ ¢ UCHONB30BAaHHUEM KOOPAWHATHO-U3MEPUTENBHOU
MaIlUHBI FAROLaserTrackerX nu IIPOrPaMMHOIO obecrnieueHAs
DelcamPowerlnspect 2010.

PesynbraTel 3aMepoB oOpabaTeiBannCch NMpHMeHeHHeM mporpaMM NX b
SolidWorks.

B Hacrosimee BpeMsi MO pe3ynbTaTaM BBINOJHEHHBIX pabOT CO3IAIOTCS
JIeTaJIN, OTCYTCTBYIOIIME Ha BOCCTAHABIMBAEMOM JK3EMILISIPE CaMOJIeTa.

BumnsinMe cKIabIBAaHUS KPbL1a HA XapaKTEePHCTHKHU CaMOJIETa
Spsiruna M.B., ITonos 10.1.
MAMU, r. MockBa

[losiBnienne Ha Kpbule CTHIKA CKJIAJbIBaHHS HEW30€XKHO BEOET K
YBEIMYECHUIO Beca KOHCTPYKIMH. Ha BenmmumHy 5TOHW mNpHOaBKH BIHUSET
MHOXXECTBO (paKTOPOB, OCHOBHBIMHU M3 KOTOPBIX SIBIISIOTCS HOJOKEHNE CTHIKA
oTHocHuTeNbHO pasMaxa kpblta 1 KCC arperara. B obmem cirydae Bec Kpbuia
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yBenuuuBaercss Ha 10 — 40%, uro cocraBisier or 3 1m0 5% Macchel
koHCcTpyKuuu JIA. Takum oOpa3oM, Hampumep, UL UCTpeOUTeNed HaIn4Iue
CTBIKAa CKJIQJIBIBAaHMA HA KpbUIE MOXKET YBEJIWYMTH B3NETHYI0 Maccy JIA
BILIOTH 110 5%.

VBenuuenue B3NETHOW Macchl BeA€T K yxyamenuto JITX camonéra.
[Ipexne Bcero, yMeHbIIAeTCsl AANBHOCTH Monéra. Mcxonms W3 ypaBHEHHS
CYIIIECTBOBAHHUS CaMOJIETa, YBEJINYEHHE MAcChl KOHCTPYKIMU JOJDKHO OBITH
YeM-TO  CKOMIIeHCHpoBaHO. Kak  mpaBwWio, MpPUXOIUTCA  CHIDKAaTh
OTHOCHTENIPHYI0 MacCy TOIUIMBA, T.K. JIpyrH€ MacChl CBSI3aHBI C
(YHKIIMOHATIBHBIM Ha3HAUYEHHEM CaMOJIETa.

C yBenMYEeHHMEM MacChl CaMoOJIeTa yBEIWYMBAIOTCA YacOBOH W
KUJIOMETPOBBIH PacxXo/ibl TOIUIMBA, IPHYEM, YeM OOJIbIIIE BHICOTA MOJIETa, TEM
3HAYUTENIbHEE OTO BIHMSAHHE. MOXKHO HpI/I6J'[I/I)KeHHO CUNTaTh, YTO pacxon
TOITMBA TIPH YBEJIHUCHHH BeCa M3MEHSIETCS IMPOIOPIIMOHATIBHO MOTPEOHOM
Tsre. Bec Bimser Ha moTpeOHyI0O TATY TOYHO TakK e, KaK CO3/1aHHe
COOTBETCTBYIOIIEH TIIeperpy3kH B KPHBOJIMHEHHOM TrojieTe (HampumMep,
YBEIIMYCHHUE Beca B 1,5 pa3a paBHOCHIBHO CO3JIAHUIO TIEperpy3ku =1,5).

WHIyKTHBHOE CONPOTHBICHWE IIPH BCEX CKOPOCTSAX YBEJIMUMBACTCS
TIPOTIOPIIMOHAIBEHO KBA/IPATy TOJIETHOTO Beca, YTO yBEIMYMBACT MOTPEOHYIO
TATY B IEJIOM, NPHYEM OCOOEHHO 3aMETHO Ha MajbIX CKOPOCTSX. Takum
00pa3oM, yBEIMUCHHE Beca Ha HEM3MEHHOHM BHICOTE YMEHBIIAET IHAIa30H
CKOpOCTEH 3a CUeT YBENIWYEHHS MHHUMAIbHOW M YMEHBIICHHS (XOTS H
HeOOJIBLIOT0) MAKCUMAaJIBHOW CKOPOCTEHA.

Ecou Ipyu yBCIIMYCHUU IIOJIETHOI'O BECa n30BITOYHAS TATA pu )IaHHOﬁ
CKOPOCTH TIOIbEMa OCTaHETCS HEM3MEHHOH, TO camojer Oynaer HaOupartb
BBICOTY MeieHHee. Ho mpu yBeNlMueHnu Beca YMEHBIIAETCSl U U30bITOYHAs
TSITA, TaK KaK YBEJIMYHUTCS JIOO0BOE CONPOTHUBICHHE. DTO JOHOIHHUTEIHEHO
CHH3HT CKOPONOABEMHOCTh CaMOJIETa C BO3POCIIUM BECOM.

[Tpn yBenndeHnn Beca yMEHBIIACTCS pacIioyiaraeMasi eperpyska, T.K. OHH
o0paTHO TIPOTIOPIIOHATBHBI. Kaxk CIIEICTBHE COOTBETCTBEHHO
YBETMUUBAETCS PagiyC pa3BOpPOTa M YMEHBIIACTCS YIJIOBAsi CKOPOCThH IPH
BBINOJIHEHUH Pa3BOPOTA.

Poct Macchl KOHCTPYKIMHM BEAET K YMEHBIIEHHIO TATOBOOPYXEHHOCTH. OT
3TOTO CHMKAETCS MPUEMHUCTOCTh CaMONETa, T.€. PACTET BpeMs, 3a KOTOpOe
CaMOJIET MOKET JOCTUYb OIpenenéHHoM ckopocTu. M3-3a Bo3pociuei
B3JIETHOM Macchl yBEIMUYMBAeTCs Harpy3ka Ha Kpbuto. Kak crenactBue
YMEHBILIAECTCS IIOTOJIOK JIA, YMEHBILIAETCS CKOPOIIOABEMHOCTb,
YBEIMYHUBAIOTCS CKOPOCTU OTPBIBA U TOCAJKH, PacTyT AUCTAHIWH pa3dera u
npobera, yMeHbIIIaeTCs AUAa30H CKOPOCTEH.
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Teopernueckoe uccaer0BaHNe HHTEHCH(GHIUPOBAHHOIO TENI1000MeHAa
Nnpu TypOyJIeHTHOM TeYeHMHU B KPYIJbIX TPy0ax ¢ TypOy/au3aTopamMu ¢
NpUMeHeHHeM YeThIPEXC/I0iHOM Moae/H TypOyJIeHTHOI0 IOrPAHUYHOI0
€J1051 115 OTHOCUTEJIbHO BHICOKHX BBICTYIIOB
Jlo6anos U.E., Huzosutrn A.A.

MAMU, r. MockBa

B TexHHMKE MIMPOKO MPUMEHSIOTCS Pa3IMYHOTO POja TEIUIOOOMEHHUKH, B
KOTOpPBIX, B pe3yJbTaTe HMHTCHCHU(PHKAIMH TEINIOOOMEHa, MOXET ObITh
JOCTHTHYTO CHI)KEHHE MX MaccoradapUTHBIX IOKa3aTeseil, THAPABINIECKUX
MOTEPh, PACXOI0B U TEMIIEPATYp TEIUIOHOCHTEJNICH; B psifie CiIydaeB 3amadei
SIBISIETCSI CHIDKEHHME TEMIIEPaTypHOTO YPOBHS IOBEPXHOCTH TEIJIOOOMEHa
pu  (PUKCHPOBAHHBIX PEXHUMHBIX M KOHCTPYKTHBHBIX XapaKTEPHCTHKAX.
PacuérHpie MeTOapl WHTEHCH(HUKAINH TEIUIOOOMEHa TpH TypOyJIeHTHOM
TEUYeHWH B TpyDax pa3pabOTaHbI eIl HEAOCTATOYHO. DKCIEPUMEHTabHbIC
JAHHBIE TI0 TEIUIOOOMEHY CIPaBEUIUBBI TOJNBKO JJIsl ONPENeNIEHHOTO BHAA
TEUEeHWH M THUIIOPa3MepoB TypOYJIM3aTOPOB, Ha KOTOPBIX OBUIM MPOBEICHBI
OIIBITHBIE HCCIieIoBaHMs. TeruiooOMeH NMpH TeYeHWH B KaHalaxX B YCIOBHUIX
WHTEHCH(UKAINU TEIIo0OMEeHa MOJAEIHUPYETCSl UYETHIPEXCIOWHON CXeMoi
TypOyieHTHOro moToKa. CyIecTBYIOIINE pPEUIeHUs] IaloT 3aHWKEHHBIE
pe3yIbTaThl OTHOCHTEIBHO TOYHOTO PEUICHHs JUIS HU3KMX 3HAYCHUH ducia
[IpasaTis u 3aBBIIEHHBIE UTS BEICOKUX BO BCEM AMANa30HE OTHOCHTEIBHBIX
ouaMeTpoB g Tpy0 ¢ TypOymmsaropamu. [ms  Gojee  BBICOKHX
OTHOCHTEJIBHBIX BBICOT TypOYyJIM3aTOpOB 3TO PACXOXKICHUE BBIMIE IIPU
BBICOKMX uncaax [IpannTis u Huke — npu HU3KUX. PesynbpraTsl pacuéra mno
TOYHBIM (OpPMyJaM M MO CYIIECTBYIOUIMM (OpMyJaM B 3aBUCHMOCTH OT
OTHOCHTENIFHON BBICOTHI MEXAY TypOyiau3aropaM WpH IPOYUX pPaBHBIX
YCIOBUAX IIOKA3bIBA€T, 4YTO HX pPa3IU4YUuC MOKET 6I>ITI> JOBOJIBHO
3HaynTenbHBIM — Topsika (10...15)%. [TonpobHOE pacuéTHOE HCCIeoBaHIEe
TermooOMeHa B TpyOax ¢ TypOyinM3aTopaMH II0CPEICTBOM TOYHOTO PEIICHHMS
3aJa4yd O TEIIOOOMEHE MOKa3bIBAaeT, YTO CPENHSsI IIOTPELIHOCTh 3TOTO
pacyéra IO OTHOIICHMIO K JIKCIIEPUMEHTY COCTaBisieT mopsaka 5%, B TO
BpeMsi Kak Mo cymectBytomnM — Oomee 10%. CnemoBatenbHO, TOYHBIC
pemeHns ropaso KavyecTBEHHEE OITUCHIBAIOT MUMEIOIIHHCS
SKCIIEPUMEHTANIBHBIM MaTepuan. [IpuMeHeHHEe TOYHBIX pELIEHUN MOXHO
CUMTATh OINpPABIAHHBIM, HECMOTPS HAa HMX OTHOCHTENBHYIO CIIOKHOCTb.
Pazpabotana Teopernueckas Mopaenb Uil pacdyéra TEIUIOOOMEHa IpH
TypOyJICHTHOM TEYEHHH B KaHajJaX B YCIOBHUSX HHTCHCHU(DUKAIMN
TEIJIO0O0OMEHa, OTJIMYAIOIIAsiCsl OT W3BECTHBIX Mojeied Oojee BBICOKOM
TOYHOCTBIO, OTCYTCTBHUEM JONOJJHUTEIBHBIX }IOHyH.ICHHﬁ, y‘IéTOM 6OJ'II)HICFO
qucia napameTpoB, OKa3bIBAFOIINX BIIMSTHUE Ha Tiporecc
MHTEHCH(UIMPOBAHHOTO TerooOMeHa. CyIecTBYIOUIME PEIICHUS MOTYT
€CTh YaCTHBIA ciTydail TOYHBIX. [lodydeHBI TOUYHBIE pelIeHHs 3aaadu 00
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UHTEHCU(HUIIUPOBAHHOM TEIUIOOOMEHE JUIs JIaHHOW ITOCTAaHOBKH 3aJadvH.
PacuérHple naHHBIC M0 WHTCHCHGHIIMPOBAHHOMY TEILIOOOMEHY XOPOIIO
COOTBETCTBYIOT CYIIECTBYIOIIUM O3KCIIEPUMEHTAIbHBIM JaHHBIM, HMes
ropa3fio MEHBIIYI0 MOrPEIIHOCTE 10 OTHOIIEHHIO K TIOCJIEAHHUM, 4YeM
CYILLECTBYIOIINE PEILICHUS.

Teopust HHTEHCU(PUIIPOBAHHOI0 TEMJIOO0OMEHA Il 3AKPY4Y€HHOI0
TMOTOKA BHYTPH TPYObI
Jlo6anos N.E., ITapamonos H.B.
MAMWU, r. MockBa

OOBEKTOM HCCIICAOBAHMS SIBISIOTCS MpPSIMBIC KPYTJble TpPyObl CO
BCTAaBJICHHON CKPYYCHHOM JICHTOH, TJe OCYLISCTBISACTCS TYpOYJICHTHOE
JBIDKEHUE TeIUIoHOCcHTeNs. B pesynbraTe MccieaoBaHus ObUIM TMOJTYYEHBI
peuieHus Uil WHTCHCU(GUITMPOBAHHOTO TEIIOOOMEHA TPU TYpOYJIEHTHOM
TEYCHUH TEIUIOHOCHUTENICH B BHINICYKAa3aHHBIX KaHallaX, Ooyiee 00Imue, 4em
cymectBytomue. [lonydeHHble B JaHHOM  HUCCIEJOBAHUM  PELICHHS
BepU(HUIINPOBAHBI CYIICCTBYIOIUM H OPUTHHAIBHBIM SKCIEPUMEHTATHHBIM
MaTepHUaNIOM. ONYYCHHBIC OKCICPUMCHTAIBHBIC JAaHHBIE  OTIHYAIOTCS
OpUTHHAIILHOCTBIO. Teopus TO3BONSAET TOYHEE MPOTHO3MPOBATH YpPOBEHB
WHTCHCU(UKAIINA TEIUIOOOMEHA, YeM HWMEIOIAscs; TEOPHUI0 HEO0OXOAUMO
HCIOTB30BATh MPH TOBOIKE CYIIECTBYIOIINX W pa3padOTKe MepCIeKTUBHBIX
TEIUIOOOMEHHBIX amnmapatoB W ycTpoitctB. [IpmMeHeHme pa3paboTaHHBIX
pacuéTHBIX METOJOB HHTCHCH(HUIIMPOBAHHOTO TEIUIOOOMEHA TO3BOJIAT
CHU3UTh METANIOEMKOCTh M TabapuThl, a TakkKe TeMIEepaTypy CTEHOK
MEPCIICKTUBHBIX TEIUIOOOMEHHBIX almapaToB ¢ HHTECHCH(DUITUPOBAHHBIM
TeriooOMeHoM. beima pa3paboTaHa TeopeTHYecKas MOICTh W TOJTYYCHBI
AHATUTHYCCKHUE PEIICHUS s pacdyéra TEIIooOMeHa W THUIAPABIMYCCKOTO
COTIPOTHUBIICHUSI TIPH TYpOYIEHTHOM TEYCHHH B KaHaJaX B YCIOBHUAIX
WHTCHCU(UKAIINA TEeIUI0O0OMEHa ITyTéM 3aKpPYTKH IOTOKAa C IIOMOIIBIO
CKPYYCHHOM JICHTHI, OTIIMYAIONIASACS OT M3BECTHBIX MOJIENIei OoJiee BHICOKOM
TOYHOCTBIO, OTCYTCTBHEM AONOIHHUTEIBHBIX JOMYIICHUH, y9€TOM OONBIIEero
quciia mapaMeTpoB, OKa3bIBAIOIINX BIIMSIHHE Ha Tporecc
WHTEHCH(UIIMPOBAHHOTO TeruiooOMeHa. [lomydeHHbIe pacuéTHBIE JaHHBIE T10
UHTCHCU(PHUIIUPOBAHHOMY TEIUIOOOMEHY U THAPOCONPOTHBICHHIO XOPOIIO
COOTBCTCTBy}OT CyHleCTByIOH_II/IM 3KCHepI/IMeHTaJ'[I)HI)IM JaHHBIM, 50 (S
MeHI:-HIyIO HOFpeIHHOCTB, qyeMm CyHleCTByIO-H_[I/Ie peHIeHI/Iﬂ. HpI/IMeHeHI/Ie
TOYHBIX PEIIEHHH MOXXHO CUMTaTh OINpaBIaHHBIM, HECMOTPS Ha HX
OTHOCHUTENIbHYIO CIIOKHOCTb, TOCKOJBKY OHHM CIIPAaBEAJUBHI B JIOBOJILHO
IIUPOKOM JIMana3oHe FeOMETPUUECKUX XapaKTEPUCTUK CKPYUEHHOU JICHTHI U
PSKUMOB TEYEHHS TMPUMEHSEMBIX TEIUIOHOCHTENCH. TPEICTaBICHHOM
HAyYHOM HCCIICIOBAaHHU TEOPETHYECKHE PAacUETHBIC JaHHBIC B OCTATOYHON
CTETICHH XOpOIIO KOPPEIHPYIOT C WMEIOMIUMCS HSKCICPUMEHTANEHBIM
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MaTepuagoM, Kak TI0 THAPABIMYECKOMY CONPOTHUBICHHUIO, TaK M IO
OCpenHEHHOMY TEIIOOOMEHY, B KaHAIaX C JICHTOYHBIMH 3aKpPY4YHBATCIISIMU
MMOTOKA MPH TypOYJIICHTHOM TECYCHUH TCIUIOHOCHUTENS KaK MPH KIACCHYSCKUX
TPaHUYHBIX YCJIOBUSX, TaK M JUISI YCJIIOBHHA OJHO(A3HOTO TYpOyJICHTHOTO
3aKpPYYEHHOI'0 MOTOKAa MPU OJHOCTOPOHHEM HArpeBe, B JOBOJHHO IIUPOKOM
QMara3oHe TeOMETPHICCKUX XaPaKTEPUCTHK CKPYUICHHOW JIGHTHI M PEKAMOB
TEYCHUS TPUMEHSIEMBIX TEIDIOHOCUTENEH, CYIIECTBEHHO IEePEeKPHIBAIOIICM
JINAITa30H CYIIECTBYIOMIETO AKCIICPUMEHTA.

Pa3padorka aBTOMATH4€CKOI0 JUCTAHIIUOHHOTO H3MEPEeHUs
TeMIlepaTypsbl IPH MeXaHN4YeCcKoH 00padoTKe u3aeauii pa3JM4HOro
Ha3HAYeHHs
ITamensko A.B.

MAMWU, r. MockBa

Lenpto  maHHOW  paboOTBl  COCTOMT B pa3pabOTKE  3JIEMEHTOB
ABTOMAaTHYECKOTO  JHCTAaHIMOHHOTO  W3MEpPEHUs]  TEMIIepaTypbl  Ipu
MeXaHW4IeCKOW 00pabOTKM WM3IEeNMi Pa3IMIHOr0 Ha3HAYEHHS, OCHOBHBIMHU
(YHKIMAMH KOTOpPOW sIBISIeTCS CHATHE W 00paboTka WHpOpManuu O
TEeMITepaType HEIOCPEICTBEHHO B 30HE PE3aHUs, MHTETPAIHs C CHCTEMaMH
yTpaBieHus] 000pyJIOBaHNEM, CO3JJAHUE CHUCTEMBI IBYXCTOPOHHEH nepenaqn
JAaHHBIX, peaqu3alusi BO3MOXKHOCTH [UCTAHIMOHHOTO YIPABIECHUS U3
pa3IUYHBIX YacTeil CTpaHsbI.

[epBBIM 3TanoM pa3paboOTKH SBISIOCH ONpeAeIeHUe chepbl MPUMEHEHHS
JJAaHHOW cHCTeMbl. bBpll IpPOBENEH aHaJIU3 OCHOBHBIX TEXHOJOIMYECKHX
MIPOIIECCOB, B KOTOPHIX NMPUMEHSIETCS MEXaHWYecKas 00paboTka TaKMX Kak:
MeTamoo0paboTka, 00paboTKa HEMETAUIMYECKUX H3Jenuid, o0paboTka
KOMITO3MIIMOHHBIX MaTEepPHAaIOB, YTHIM3alUs pPaJHOaKTUBHBIX OOBEKTOB,
YTUIW3alMs  M3eMUI BOGHHOTO HasHayeHWs. be1 mpoBenéH aHanms
OCHOBHBIX  CPEICTB MPOW3BOJACTBA, NPHUMEHSIEMBIX JUII pealn3alun
BBINIEYKa3aHHBIX 33/1a4: JICHTOYHOE MHICHHE, (pe3epoBKa, pacTauMBaHUE,
mudoBaHne,  MMTAaMIIOBaHWE, © T.J. B  KadecTBE  OCHOBHOTO
TEXHOJIOTHYECKOTO TMponecca Obula BbIOpaHa TEXHOJOTHS JICHTOYHOTO
MUJICHNA. OTa TEXHOJIOTHS MOXET NPHUMEHATHCS AL PEHICHHsS OOJBIIOTO
Kpyra IpOU3BOJICTBEHHBIX 3a7a4.

BropbiM 3TamoM pa3paboTKH SBISLIOCH CO3/IaHHe (DYHKIIMOHATBHON CXEMBI
CHCTEMBI, BBIOOP TEXHOJOTUH HM3MEPEHHs TEeMIIepaTypbl, OCHOBHBIX Y3IIOB,
MeTo/a nepefadn JaHHbIX. OnpeneseHsl IpoOJIEMHBIE BOIPOCH! pean3aliin
JJAHHOW cUCTeMBI: ()OPMUpPOBAHHUE IISITHA KOHTAKTA, ITO3BOJISIOIIEI0 CHUMATh
TEeMITEpaTypy ¢ 3yObeB JICHTOYHOM ITHIIBI, H3MEPEHHE MPU BBICOKOH CKOPOCTH
pe3aHusi, TOYHOCTh U3MEPEHHS TeMIIepaTyphl, HAAEKHOCTh, COBMECTUMOCTB C
cucremamu UIIY o6opynoBanms. OrmpeneneHsl CHOCOOBI  YCTpaHEHHS
TEXHOJIOTHYECKHX ITPOOIEM.
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TpeTsuM 3TamnoM SBIAIOCH NIPOBEACHUE aHAJN3a, HA OCHOBE PE3yJIbTaTOB
KOTOPOTro OyIyT BBIOpAHBI BJIEMEHTHI M Y3JIbI CHCTEMBI aBTOMATHYECKOTO
JUCTAaHIIMOHHOTO  M3MEPEHHsT  TeMIIepaTypbl, KOTOpbIE  HEOOXOANMO
paspaborath, uyTO OBl peaju30BaTh JAHHYIO CHCTEMY, B YaCTHOCTH:
HEoOX0MMO pa3paboTaTh AATYMK H3MEPEHHs TEMIIepaTypbl (B KauecTBe
JaT4hka IUTAHUPYETCS HUCIIONIB3YeTCS  CENEKTHBHBIH  (DOTONPHEMHUK),
cucrteMy 00pabOTKHM MH(pOPMAIHWU Ha OCHOBE MHKDPOKOHTPOJUIEPA, MPHUEMO-
nepeaawlee ycrporictso GSM-nuanazona.

Pesynbrar aHanm3a maHHON MPOOIEMATHKH, MPOBEACHHBI Ha BTOPOM H
TPEThEM 3Talle CO3JAET MPEATIOCHIUIKHI AT PEAU3allH HIEMEHTOB CHCTEMBI,
aBTOMATHYECKOTO  JUCTAHIMOHHOTO  W3MEPEHUS  TEMIIEpaTypbl  IpU
MeXaHH4ecKoW 00paboTKe M3AETHH Pa3InYHOr0 Ha3HAUEHUS, TO3BOJISIONIEH
U3MEpATh TEMIIepaTypy HEMOCPEACTBEHHO B IIpoOIlecce pe3aHus, a Takke
pa60TaT1> JAUCTAaHIMOHHO B aBTOMATHYCCKOM PEKUME. OTO IO3BOSIET B
JanpHeHIeM  peanu3oBaTb W BHEAPUTh  JaHHYIO  CHCTEMYy B
MIPOMBIIIICHHOCTH.

ITos1eTHBINH KOHTPOJIb 3J1EKTPOMEXaHUYECKOT0 MPUBOIA 0eCIUI0THOTO
JIeTaTeJBLHOI0 aNNapaTa HA OCHOBE HA0JII0/1aTes el COCTOSIHUS TIPU
OrpaHUYeHHUsIX HA YNPaBJieHUe
bucenos O.B.

KBIIA, r. Capatos

DJIeKTPOMEXaHUYECKAE MPUBOMABI  MOIYYalOT JOCTATOYHO  OOJIBIIOE
pacrpoCTpaHeHWE B KA4eCTBE IPHUBOJOB OCHOBHBIX OPIaHOB YIIPaBIICHHS
OccIOTHBIX — JieTaTenbHBIX — ammapatoB  (BJIA)  pasmuusHoro  tuma.
[oBrIMeHNe HAISKHOCTH MPUBOJIOB TECHO CBSI3aHO C YITyYIICHUEM KadyecTBa
(YHKIIMOHMPOBAHUS BCTPOCHHOM CHCTEMBI TIOJIETHOTO KOHTPOJIL. A
MpPUMEHEHWE TPHUBOJOB JUISI OCHOBHEIX OpraHoB ympaBieHHs bBJIA
HaKJaIbIBa€T JOCTATOYHO JIKECTKAE OTPaHWYCHUS Ha JOCTOBEPHOCTH
oOHapy>KeHHsI 0TKa3a M OTCYTCTBHE JOXKHBIX CpabaThIBaHUI.

PaccmarpuBaercss  3NMEKTPOMEXaHWYECKHH IPHUBOJA  MOCTYIATEILHOTO
JEACTBUS Ha OCHOBE OCCKOHTAKTHOT'O (beckomIeKTOpHOTO)
SIEKTPOABHUraTeNsl IOCTOSHHOTO TokKa. [IpmBox obnamaer JOCTaTOYHO
NIMPOKUM  UAMa30HOM JTHHAMHYECKHAX XapaKTePHCTHK, CBA3aHHBIM C
U3MEHCHHEM HArpy3Kd Ha IITOK MPHBOAA, OTPAHUYCHHBIM CHTHAJIOM
yrOpaBieHus (HAMpsDKEHHEM IUTAHUS), SKCIUIyaTallMOHHBIM JHANa30HOM
JIETANBHOTO anmapara u Jip.

ITocTpoeHne  KOHTpPOJISI  OCYIIECTBIISIETCSI Ha  OCHOBE  METOJOB,
HCTIIOJB3YIONMUX MATEMAaTHUYCCKYI) MOETbh (KOHICIIUS «aHATUTHYCCKON
m30bITouHOCTHY) [1]. B memsix MUHMMHU3AIMH —KOJNWYECTBA  JIOKHBIX
cpabaTbIBaHWH W ydYeTa OTPaHWYCHUI Ha YIIPaBICHHE pPacCMAaTPHBAIOTCS
HAOMIOATeIH COCTOSHHS C OONbIMM  KO3(QQHUIMEHTOM  YCHIICHUS,
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obecrieunBaoIe MUHUMH3AIUIO BIVSIHUS pa3dpoca apaMeTpoB NPUBOA U
HETOYHOCTU MOJETH [2].

CuHre3 HaOmomarensi cBs3aH C OLEHKOH WM HM3MEPEHHEM BEKTOpa
COCTOSIHMSI TIPHUBOJIA, YTO IPEAIoJiaracT HAJIMYME OIPEAETIeHHOI0 COCTaBa
natyukoB.  I[lpuMeHeHnMe — OECKOJUIEKTOPHOTO — JBHTATeNsl  Hayaraer
0COOCHHOCTH Ha OIIEHKY BEKTOpPA COCTOSHHS, TOCKOJIBKY B ATHUX JBUTATEISIX
UCIIOJIb3YIOTCSl MPOCTPAHCTBEHHO PpaCHpe/IeTICHHbIE MaTYMKHU TOJO0KEHHS
poTopa THMA MAaTYUKOB XOJuia, B psie ciaydae oONMaJaromux HHU3KOM
paspelarolieif crocoOHOCThIO, a Takke MHOTO(ha3Hast JEKTpUIEcKas: cxema
obmoTok [3]. st yuera 3TOro paccMaTpHUBAOTCS HAOIIOAATENN COCTOSHUS
[IPY HEMIOJIHOM BEKTOPE U3MEPEHUSI.

ITony4yennsie pe3yJIbTaThl IIPOBEPEHBI 9KCIIEPUMEHTAIBHO c
UCIIONIb30BaHHEM OITBITHOTO 00pa3lia AIIEKTPOMEXaHWYeCKOro MpPUBOAA C
OCCKOJICKTOPHBIM JIBUTATEIICM.
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3. Cokonosckuii I'.I'. DnexTponpuBoabsl MEPEMEHHOIO TOKA ¢ YaCTOTHBIM
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JAuHaMuvecKkue mpouecchbl B CHCTeME PeryJHPOBAHUA TeMIEPATYPbI
BO3/]yXa MocJje NepBUYHbBIX TeNJI000MeHHUKOB
Boakos A.A.
MAMU, r. MockBa

PaGora mocesmeHa pa3pabOTKe W aHAIM3y MaTeMaTH4ecKOHW MOJEIH
peryaupoBaHMs TEMIEPaTyphl OCIE TIEPBUIHOTO TETIIO0OMEHHHUKA CHCTEMBI
KOHJWIUOHUPOBaHMUA BO3[AyXa CPEIHEMAruCTPAIbHOIO MAaCCaXKHPCKOTO
camonera. PaccMOTpeHO BAMsHHE KOHCTPYKTUBHBIX IIapaMETPOB SJIEMEHTOB
CHCTEMBI TEPMOPETYJIHMPOBAaHUS HAa XapaKTep MEPEXOAHBIX IPOLECCOB U
aMIUTUTYAy  aBTOKoJeOaHW  TeMmepaTypsl  Bo3ayxa. (OOecmeuenwne
OTPaHWYEHUs] MAaKCHMAalbHOM TeMIepaTypsl OTOMpacMOro BO3AyXa Ha
BbIXoJle W3 TnepBuuHoro BBP oOecmeumBaercs  COOTBETCTBYIOIIEH
MaJOUHEPLIMOHHOW ITHEBMATHYECKOM CHCTEMOH TEpMOPETrYJIUpPOBaHU.
BricTponeiicTBue  cucTeMbl  3aBUCHUT OT  [apaMeTpOB  TEPMOCTATa,
XapaKTepUCTUKH IIEPEMEHHOTO U MOCTOSIHHOTO Apoccesel, KOHCTPYKTUBHBIX
NapaMeTpoB MHEBMOBUTATEIS.

IIpuMeHeHHe TNHEBMATUYECKOIO IIOBTOPUTENsS  KOMAaHJ  IOBBIMIAET
CTaOMIBHOCTH CHCTEMBI PETYINPOBAHUS TeMIIepaTypbl. [loBTOpuTE s KOMaHT
MpeACTaBIsieT CcOoOOW  JOTMOJHUTENBHBIN KIamaH ¢ TPYXHHHOH ¢
YOPaBIAIOWEN  IOJOCTAMHU, YCTAHOBJICHHBIA  MEXOYy  YNPaBIIOLINM

50



KJIallaHOM U ITHEBMOJBHIATCJIIEM. HO]’[OJ’[HI/ITeHBHBIC TMOCTOAHHBIC OPOCCEIN
NpeHa3HAYCHBI ISl OTpaHMYCHHs pacxoja M BbIOOpa pabouero JaBiICHUS
MTHEBMO/IBUTATEIISI.

JIOTOMTHATENBHBIA  MEpeMEeHHbI  JpOCCeNb  MOBTOPHTENS]  KOMAaHJ
COBMECTHO C TMOCTOSIHHBIMH JPOCCEISIMH MO3BOJSET BBIIOJHHTH CHCTEMY
pEeryJIMpOBaHUsl C TOBBIIMICHHOW KPYTH3HOW CHJIOBOW XapaKTepUCTUKH B
3aBUCHMOCTH OT TEMIEpaTypbl ropsdero Bo3ayxa. JluHeapu3zaims
9KCMEPUMEHTAILHON 3aBUCHMOCTH ¢ OTPAHMYCHUSIMU 10 MaKCUMAaIbHOMY U
MHUHHUMAIIbHOMY 3HAYEHUSIM CYIIECTBEHHO YIPOIIAeT aHaIu3 JUHAMHUYICCKUX
XapaKTEePUCTUK PEryIIsITOpa.

IIpu paccMOTpeHHH YCTOWYMBOCTH B MAJIOM OTPaHUYEHHS 10 aMILTHTY]E
CHTHAJIOB MOXXHO HE pacCMaTpHBaTh M TOTJa UMEEM XapaKTEePUCTHUYCCKH
MHOT'OYJICH TPETHETO TnopsAakKa )41 pu MOJCIMPOBAHNU CHCTEMBI
TEPMOPETYJIUPOBAHUS JUHAMUYECKUN MPOLIECC PETYJIUPOBAaHUS IPOUCXOANUT
C CYIIECTBCHHBIM TIEePepPeryInPOBaHUCM.

Paspabotana MaremaTHyecKas MOJEIb CHCTEMBI  PEryJIHPOBaHHUSI
TEeMIEepaTypbl BO3AyXa 3a TMEPBHYHBIM TEIMIOOOMEHHHKOM C y4eTOM
CTATHYECKUX  XapPAKTEPUCTUK TEPMOCTaTa, T[OBTOPHUTENS KOMaHJ U
MHEBMOJBUraTeNs.  [IpoBeieHHbIE  JKCHEPUMEHTANbHbIE  PabOThl U
MMHTAIIMOHHOE TMOKA3ald HAIMYHE aBTOKOJEOAHUM TPH pPErylUpOBaHUU
Temmepatypsl ¢ ammuryaoit 10...15 °C.

OnTumMu3anus nojei TeMmepaTyp ¥ TepMHYECKHX HANPSKEHUH B
NMePBUYHOM TeNJ000MEeHHHKEe CHCTeMbl KOHAMIIHOHHPOBAHHUS BO31yXa
Huomuno U.T'., Ynuunnaes A.B.

HI'TY, r. HoBocnbupck

[lepBuuHblE  WCCIEIOBAaHHS  KOMIIAKTHBIX  TCIDIOOOMEHHHKOB  C
MEPEMEHHBIM ~ OTHOIICHHEM TEPMUYECKHX  COMPOTHBICHUI  IMOKa3aiu
BBICOKYIO 3((EeKTHBHOCTh JAHHOTO MpUEMa ISl CHIDKEHHS TEPMHUYECKUX
HaNpsDKEHUH B MEPBUYHOM TEIIOOOMEHHHKE. BMmecTe ¢ TeM MOJIydeHHbIE
MIPYA 3TOM Pe3yJbTaThl HOCST OIPaHUYEHHBIH XapakTep BBHIY HEOOJBIIOTO
HCCIEIOBAHHOTO JMAara3oHa OTHOLICHUS TEPMHUYECKOTO COMPOTHBIICHUSL.
Henpro HacTosAmIeH pa®OTH OBUTO BBIMOJHEHHWE KOMILIEKCA HCCIEIOBaHUI,
HAMpaBJICHHBIX Ha ONTHMH3AIMIO TOJICH TEMIIEpaTyp U TEPMHUCCKHX
HANpPSDKCHUH, C TOMOIIBI0 IMEPEMEHHOI'O OTHOMICHHS TEPMHUYECKOIrO
COTIPOTHBIICHHS.

Jns sroro Obula BEIMONHEHa MOJUQHKANUS pa3pabOTaHHON paHee
JMBYXMEPHOW MOJIEIHM pacueTa TEIUIONepeaaud B TEPEKPECTHO-TOYHOM
KOMIIAKTHOM [UTACTHHYATO-PEOPUCTOM TEIUIOOOMEHHHKe. B dacTHOCTH, B
QITOPUTM OBLIM 3aJI0KEHBI YeThIpe BapHaHTa 3amad: 1) ¢ MOCTOSHHBIM
opebpeHreM B 000MX TpakTax; 2) ¢ MEPEeMEHHBIM OPEOPEHUEM B XOJIOJIHOM
TpakTe; 3) C MEPEMEHHBIM OPeOPEHHUEM B TOPSIUEM TpakTe; 4) ¢ epeMEHHBIM
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opeOpeHneM B oboux TpakTax. JlOCTOBEpPHOCTh MOJETH IPOBEpPEHA IyTeM
CpaBHCHUA C paHEC BLINMOJIHCHHBIMU pacuC€TaMU: IMOJYUYCHO KAaYE€CTBEHHOC U
KOJIMYECTBEHHOE COTJIacHe.

Teoperndueckoe  UCCIENOBAaHME  BBIIOJHEHO  IMYTEM  YHCIEHHOIO
MOJIETMPOBAHMS  TeIIoNepesayd B KOMIIAKTHOM  TEIIOOOMEHHHKE B
IIMPOKOM  JHAaNa30HE€ TEOMETPUUYECKUX MNapaMeTpoB, MOJECIUPYIOIINX
MepevrCICHHbIE BapUaHThl 3a7ad. B pe3ynbraTe HccleJOBaHUI BBITOIHEH
aHaIU3 pacHpefeleHrs NOoJed TeMIepaTyp M TEPMUYECKHX HANpPSKEHUN B
3aBUCHMOCTH  OT  Croco0a HM3MEHEHHs  OTHOIIEHHS  TEPMHUYECKUX
CONPOTHBJICHUH ¥ YCTAaHOBJICHBI HAuOOJEe ONTHMAJIBHBIE HANA30HBI
rapamMeTpoB  OpeOpeHMs, TO3BOJLSIIONINE MHUHHMHU3HPOBATh  II€pEmajsl
TEeMIIEpaTyp B TEINIOOOMEHHOW MOBEPXHOCTH, TEPMHUUECKHE HANPSHKEHHS B
Heil. [lomyuyeHHbBIE pe3yJbTAaThl MO3BOJSAIOT MPOUIMTH pPecypc paboTHI
TCHJ'IOO6MCHHI/IKOB, pa60Tanu1Hx B TCIUIOHANPSHKECHHBIX YCJIOBUAX, 3a CUCT
ONITHMU3AIMU TEOMETPUIECKHX MapaMeTPpOB OpeOpeHHi.

VY COBepIIEHCTBOBAaHHBIM  NPUKIAJAHOW TAaKeT TPOrpaMM  IO3BOJISAET
NIPOBOJAUTh NPOEKTHUPOBOUHBIM M TPOBEPOYHBIM pacdyera KOMIIAKTHOTO
TUTaCTHHYATO-PEOPUCTOTO  TEIUIOOOMEHHHKa B IIMPOKOM  JAHAIa30HE
PSXKUMHBIX M TEOMETPHYECKUX TMapameTpoB. PaboTta mpencrasmser mHTEpec
JUISL CHEIHATICTOB, 3aHMUMAIOIINXCSl MPOEKTUPOBAHUEM TEIII000MEHHHKOB,
paboTarOUINX B HECTAIMOHAPHBIX BBICOKOTEMIIEPATYPHBIX YCIOBHUIX.

PabGora BrImonHeHa npu puHAHCOBOH Moanepkke rpanta PODU Ne 09-08-
00321-a.

MeTtoanka pa3padoTKH KOMILIEKCa MaTeMaTHYeCKHX Moeeil
NMPOEKTHPOBOYHOI0 PacyeTa MeXaHUYeCKHUX CUCTEM JIeTaTeJIbHbIX
annapaToB
Kacymos E.B.

Kazanckuii BepToneTHslii 3aBoj, . Ka3zanb

PaccmatpuBaroTcsi 0cOOCHHOCTH pacyera CHCTEMBbI BHEIITHUX HATPY30K MPU
KHHEMaTHYeCKOM ¥ CHJIOBOM aHAJM3€ MPOCTPAHCTBEHHBIX MEXaHHYECKHX
CHCTEM U3 KOMITO3UIIMOHHBIX MaTepHaoB.

Jns Kaxmoro BHAa adpOMEXaHHYECKOH CXEMBI JISTAaTeJIbHOTO alapaTa
CHCTEMa CHJI U MOMEHTOB CBOSI 1 UMEET CBOU NPHHIUITUATBHBIC PA3THYHSL.

OCHOBOH /JIs1 pemeHusi 3a/1auun sBisieTcs: audepeHnnanbHoe ypaBHEHUE
JIBIDKEHUS CHCTEMBI B3aMMOYBSI3aHHBIX Tesl. CHIIOBOI aHAIN3 MeXaHHYEeCKOM
CHCTEMbI TPOBOJUTCS Ha INpHUMepe HETMHEHHOW MaTeMaTHYecKOH Mopenn
HECYILEH CHUCTEMBI JIETKOTO BEpPTOJIETa C YUETOM IIOJATIMBOCTU €€ 3BEHHEB
13 KOMITO3MLMOHHBIX MarepuaioB. KuHeMaTHueckue CBOWCTBa Hecyllen
CHCTEMBI ONPEICISAIOTCS CYIIECTBEHHBIMU Je(OpMalHsIMH KOMITO3UTHBIX
3BEHBbEB TMOJA BO3JACHCTBHEM YCIIMII OT BXOOHOIO 3BeHa. Beproiser
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cOanaHCHpOBaH TOTrJa, KOTAAa BCE CWJIBI M MOMEHTBHI OT CWJI B3aHMMHO
YPaBHOBELIMBAIOTCS B TPEX IUIOCKOCTSX AJIS 33JJaHHOTO PEXKMMA T0JIeTa.

C TOYKM 3peHHUS  pEUIeHUs CHUCTEMbl  YpaBHEHHH  JBIKEHUS
B3aMMOYBSI3aHHBIX TeJl a’poOMeXaHH4yecKas CXeMa JIeTaTelbHOIO armapara
paccMaTpHBaeTcsl Kak CHCTeMa B3aUMOYBSI3aHHBIX T'PaHUYHBIMH YCIOBHSMH
TEJl B TPEXMEPHOM IIPOCTPAHCTBE. 3ajgada ONpeeNICHNs] BHEIIHNX Harpy3oK
(B 9acTHOCTH a3pOAMHAMUYECKHX) IPEICTABIAET COOOI peIIeHne CHCTEMBI
YpaBHEHHH, OMMCHIBAIOIINX OOTEKaHHE A’POAMHAMUYECKHX IOBEPXHOCTEH
10 METOJIY IPHUCOEANHEHHBIX BUXPEH Ha KaKAOM BPEMEHHOM IPOMEXYTKE
pELICHUs ypaBHEHHS ABUKCHUSL.

Habop wMartematmdecknx Mopeseil pa3pabaTbiBaeTcsi C IETBI0  ee
MaKCHUMaJIbHOT'O l'[pI/I6.HI/I)KeHI/ISI K HEKOTOPBIM pexXuMamM HaTypPHBIX
UCTBITAaHUH (B TOM 4MCI€ M HEKOTOPBIX XapaKTepHBIX JJs JaHHOU
aI)POMEXAHNYECKON CXeMBbl BepTojieTa pPEeXUMOB Iojera). Monenu
MO3BOJISIIOT NTPOM3BECTH PACYET THUIIOBOTO MPOGMIS IOoJeTa JIETKOTO
BEpTOJIETa C OJHOBPEMEHHHIM KHHEMaTHYECKUM M CHJIOBBIM aHAJIN30M
CHCTEMbl YIIPaBJIEHHsS JBYXJOINACTHBIM HECYIIUM BHHTOM. [lomydeHs
rpauKi W3MEHEHHs] HAarpy30K IIPH PasroHe HECYIIEero BHHTA Ha 3eMJe U B
rojieTe Ha OycTepe CHCTEMBI YIIPaBICHHS U IIAPHUPHBIX COSANHEHUSIX.

[MpousBenensl pacuers! (UIATTEPHBIX XapaKTEPUCTHK JOMACTH HECYILETO
BUHTA U OJHOBPEMEHHOH OLIEHKOH 1e(OpPMUPOBAHHOTO COCTOSIHUSI TOPCHOHA
BTYJIKH.

[logydaembple ~ JaHHBIE  CHJOBOTO  aHalM3a M HalpsHKEHHO-
Jne(OpMHUPOBAHHOTO COCTOSIHUSI TIO3BOJISIIOT ONPENENIUTh PallMOHaJIbHbIC
napaMeTpbl 3BBEHHCB MEXaHHYECKOM CHCTEMEIL.

Pacuérnblii anaau3 3¢)PeKTHBHOCTH 3alIUTHI TOIUIMBHBIX Marucrpasei
€caMoJ1€Ta OT THAPOYIaAPHBIX JaBJeHMIt
JIrooun JI.4., Koteixos H.H.
HITIT «3Be3ma», r. MockBa

ITpu ruppoynape B cucteMe 3alpaBKU CaMOJETOB B BO3AYXE CYIIECTBYET
OIIaCHOCTh IIPOHUKHOBEHUS TUAPOYJAPHBIX BOJH B TOIUIMBHBIE MarucTpaiu
CBSI3aHHBIX PyKaBOM MaIlINH.

B pabore paccmarpuBaroTCsi pe3yNbTaThl PacyETHO-TEOPETHUECKOTO
aHanM3a JUI  pasiM4YHbIX KOH(QUIypauuil 3ampaBoOYHOrO TpakTa C
UCIIOJb30BAaHUEM MSATKUX M KapKaCUPOBaHHBIX pYKaBOB C  y4€TOM
MPOXOXKJICHUS BOJIH JaBICHHUA 4Yepe3 THUMNHUYHBIE Y37l CONpPSKEHUS
SJIEMEHTOB TOIUIMBHOIO TPaKTa; MPOBOJUTCSA OLEHKA BIMSHUSA Pa3IHMUHBIX
MapaMeTpoOB CHUCTEMBI Ha XaPaKTEPUCTUKH MPOHUKAIOIUX B TOIIMBHBIN
TPakT caMoiéra BOJH JaBiieHHs. OCHOBHOM METOANYECKOH OCOOEHHOCTBHIO
paloThI SBISETCS TONBITKA y4YECTh 3aBHCHUMOCTH JWHAMHYECKOH pEaKIUH
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typbonacocuoro arperata (THA) Ha mnpoxoxaeHue uepe3 HEro
THIPOY/AapPHON BOJIHBI OT PeKMMa pabOTHL

Pe3ynbraThl paboTHI MO3BOJIAIOT OMPENEUTh Hanboiee GIaronpusiTHEIE U
Haubosiee OMAcHbIE PEXHMBI JI03alPaBKU ISl BBINOJHEHHS IITATHOW
pacuenk, a TakXke OIEHUTh BIMSHAE pPa3IUYHBIX XapaKTEPHCTHK
TOIUIMBHOTO TpakTa Ha YPOBEHb W JJIHMTEIBHOCTE THAPOYNAPHBIX
BO3JI€HICTBUH.

[TomydeHs! ciaenyromme OCHOBHBIE BHIBOIBI:

- WCIIONB30BaHME KapKACHPOBAHHOTO IIUIAHTa MO CPABHEHMIO C MATKHM
MIPUBOJUT K YBEJIMYEHHIO MAKCHMAIbHOTO THAPOYJAPHOTO IABIECHUS IPU
pacuerie y KOHyca JaT4MKa, OJHAKO CIIOCOOCTByeT Ooiee 3¢ddexkrnBHOMY
3aTyXaHUIO U TUCIIEPCHH BOJIH, MPOOETaIOIIUX 110 PYKaBy;

- CTymeHYaToe W3MEHEHHE IUIONAMU MPOXOIHOTO CEYEHHs TpakTa
CYILIECTBEHHO BIIMAET HA XapaKTep NPOTEKAaHUS THIPOYAAPHBIX SIBICHUM;

- HauOoubIIMe JaBJeHUs] NMPOHMKAIOT B TpakT uepe3 THA He Bcerna na
PEXUMaX, COOTBETCTBYIOIINX MaKCUMAaIbHOMY PacXo.y;

- IEPEHOC PE3yJIbTATOB, TOJyYEHHBIX Ha SKCIIEPUMEHTANIBHBIX CTEHIaxX 0e3
WCIIONIb30BAHUS  TIOJTHOPa3MEPHOTO [UIAHTa Ha  peaJbHble  OOBEKTHI
HEKOPPEKTEH;

- HEBO3MOXKHO IIOJYYHTHh BEpHBIE 3HAUCHUsS] NpOHHUKaommx depe3 THA
THIPOYJApHBIX JaBICHUH Ha CTEHJE, B KOTOPOM HE BOCHPOM3BEICHBI
OCHOBHBIE TEOMETPUYECKHIE ITAPAMETPHI TOIIIMBHOTO TPAKTA OOBEKTA;

- JIMHEMHas HUHTEPIOJIALNA PEe3YyJIbTaTOB CTCHIOBBLIX HUCIIBITAHUN Ha
PEXUMBI, COOTBETCTBYIOIIME  OoJiee  BBICOKMM  TEMIaM  IepesiuBa
HEKOppeKTHa, Oojiee TOro, i HEKOTOPBIX OOBEKTOB COOTBETCTBYIOIIAS
3aBUCHMOCTBH MOJKET OBITh Jlake HEMOHOTOHHO;

- OTMEYEHHbIE OCOOEHHOCTH BOJHOBBIX IIPOIIECCOB B CHCTEME LUIAHT —
O0BEKT He TIO3BOJLIIOT JieNlaTh OKOHYATEJbHBIE BHIBOJABI O OE30IaCHOCTH
OOpTOBBIX  TOIUIMBHBIX  Marucrpajed Ha OCHOBAaHMM  WCHIBITAHUM,
BBINOJTHEHHBIX TOJIBKO AJISI MAaKCUMAJIBHOTO TEMIIa 3aIllpaBKH.

IIpnMeHeHne KOMNBIOTEPHOI PEHTIeHOBCKOM TOMOrpadun 1Jst
KOHTPOJISI arperaToB JIeTaTeIbHBIX ANMAPATOB U3 KOMIIO3UIIMOHHBIX
MaTepHaIoOB
Jlapun A.A., Pe3unuenko B.U.

MAMW, r. MockBa

KommbloTepHass peHrtreHoBckast Tomorpadus - 3(QexkTuBHBIA MeTox
Hepa3pyLIamNmero KOHTPOJISI arperaroB JIeTaTeNbHBIX ammapatoB (JIA),
MTO3BOJISIIOMINI BBISIBUTH /(KT BHYTPEHHEH CTPYKTYypbl arperatoB JIA,
BBIMOJTHEHHBIX W3  CJIOMCTBIX KOMITO3HMIIMOHHBIX MarepuaioB (KM),
HalpuMmep, CTeKJIo- U yriemnacTukos.[1,2]. Kpome toro, stor merton
TIO3BOJISICT OLICHWUTH JIMHEWHBIC pa3Mepbl BHYTPEHHHUX NI€(PEKTOB H3/ACNUS U
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OMpPENEeIUTh UX PACIOOKEHHE ¢ TOYHOCThIO 10 0,3-0,5MM. DT medekTs
MOYKHO Pa3ZIeIMTh Ha JIBE€ KaTeropuu: Ne(eKThl apMUPYIOLIETO HATIOIHUTEIS
n nedextsl MaTtpuisl. Hanbonee xapakTepHble W ONACHBIE THITHI JIEEKTOB:
MIOPUCTOCTh, HAPYILIEHUE OPUEHTUPOBAHUS BOJIOKOH, pa3phIBBI BOJOKOH,
pacTpecKHBaHHUE CBA3YIOIIET0, 00pa30BaHUE CKIIAJI0K B CTPYKTYPE MOHOCIOS
B IIpolriecce BBIKIAAKK M NponuTKA. C MOMONIBI0O METOIa pPEHTI€HOBCKOU
ToMOrpaui BO3MOXKHO TIONYYHTh KapTHHY TIOBPEXICHHH BHYTpEeHHEH
CTPYKTYpHI KOMIIO3HMTa, a 0000Imas MOoJTydeHHBIE JaHHBIE C Pe3yJbTaTaMy
KOHEYHO-3JIEMEHTHOTO MOJAENUpPOBaHUS 00pasioB ¢ gedekramu, [aTh
3aKIIOYCHHE O HECyIled CIOCOOHOCTH  KOHCTPYKLIMM U BBIIATh
PEKOMEHIALUK 0 W3MEHEHHMIO TEXHOJIOTHUYECKOTO IpoIlecca M crocodam
BOCCTAHOBJICHUsI  (HEOOXOAMMOrO  peMOHTa). TeMoil  HAaCTOSIIEro
UCCIICIOBaHMS SBISETCS 3a/ladya BBIBICHUS aHAJUTUYECKUX 3aBUCHUMOCTEN
Hecymel crnocoOHoctn KM mpu Hamuumm B HeM JAe(EKTOB pa3iHYHBIX
BuzoB. [lo pe3yiapraTaM KOHEYHO-3JIEMEHTHOTO MOJIEIMPOBAHHS 00pas3IloB ¢
nedexkraMu ompemeneHsl 3aKOHOMEPHOCTH N0 Hecylleld CriocoOHOCTH
OJHOHAIIPABJIEHHbIX U II€PEKPECTHO-aPMUPOBAHHBIX KOMIIO3UTOB IIpH
HaJIMYUM B HUX Je(QEKTOB THMA: pPa3pblB €AWHWYHOTO BOJOKHA, Pa3phIB
TPYIIIBI BOJIOKOH, 00Opa3oBaHHE CKIAAOK B MOHOCIOE, OTKJIOHEHHE OT
HOMHHAJIBHOTO YIJla apMHPOBAHHS B JIOKAJIBHON 30HE.

BriBoasbr:

[TpumeHeHne KOMITBIOTEPHONW TOMOTrpadiy MO3BOJISIET MTOBBICUTH KAUECTBO
uznenuit u3 KM, onTuMu3npoBaTh HapaMeTpsl TEXHOJIOTHYECKOTO Ipoliecca,
JOpaboTaTh TEXHOJIOTHUECKYIO0 OCHACTKY C II€JIbI0 YCTPaHEHHs BBISBICHHBIX
JIe(eKTOB.

Jluteparypa:

1. Hepazpymarommii kountpoins. B 5 ku. Ilpaxr. [Tocooue/b.H.Enmndannes,
E.A.T'yces, B.U.Matsees, ®.P.Cocuun. [lon penakuueit B.B.Cyxopykosa. —
M.: Bercm. 11Ik., 1992 — 321c.

2. Hepazpymarommii koHTposns: CrpaBounuk: B 7 1. Ilog obmi. pen.
B.B.KmtoeBa. M.: Mammnoctpoenue. 2006 - 864c.

O nepBbIX padoTax MO CO3IAHMIO FTEPMOKAOUH 1JIs1 ABHALIUM
Mopo3os U.B.
JKBA, r. JlonronpyaHslit

JocTtrxenue OOJBIION BBICOTHI MOJETAa HEBO3MOXKHO 0€3 NMPUMEHEHUS
CIEUHUAJIBHBIX CHUCTEM >KH3HEOOECIIeUeHHsI YeoBeKa Ha OOpTy, K KOTOPBIM
OTHOCSITCS. WHIMBHIyaJIbHBIE CPEICTBA, a TaKXKe TI'€PMETHYHbIE KaOHMHBI.
HMeHHO repMOKaOWHBI, B KOTOPBIX IMOJJIEPKHUBAIOTCS ONM3KHE K OOBIYHBIM
3HAYCHUs. TEMIIEPaTyphl, IaBICHHS M COCTaBa BO3AyXa, OOCCICYMBAIOT
Hambonee KOMGOPTHBIE YCIOBHUS, TMO3BOJSIA OCYLIECTBIATH IIEPEBO3KY
MACCaXKHPOB.
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Ienbro moKmaza SIBIAETCS OCBEIIEHHWE HAa OCHOBE HOBOW HMCTOYHHMKOBOM
0a3bl BOIpoca O TOSBICHUN UJIeH TepMOKaOHHBI CaMOJIETa U €€ Pa3BUTHU 110
9Tana BOIUIOIICHHS B HOBOM TEXHMYECKOM OOBEKTE M Hadaja MacCOBOTO
MIPUMEHEHHUS.

Wnee repMokaOMHBI camoJieTa IIPEIIIECTBOBAIM IIPEUIOKEHUS 10
CO3JJaHUIO TEPMETHYHOM TOHJONbI a3pOCTaTa, KOTOPhIe HAYall BBIIBUTAThCS
eme ¢ 1870-x rr. OmHaKoO Ha MPAKTHKE HIes TePMETHYHON TOHAOJEBI ObLIa
peanuzoBana auib B 1930 r.

K sTomy BpemeHM maest camoneTa ¢ TeépMOKaOMHOW Oblila y>Ke HE HOBa.
[epsrie matenTs! otHOCATCS K 1910-M rT.; B 1921 1. Takoi camoeT BIepBEIe
MOJHSAJICA B BO3AyX, HO B TO BpeMsl HEyJauyHBIIl JKCIEPHMEHT HE HMEl
npopoikeHusa. B 1920-e rr. aBmanus emie He HyXJanach B IPUMEHEHHUU
repMokaOWH, TeM  HE  MEHee, HEKOTOPHIMH  KOHCTPYKTOpaMH
pa3pabaTbIBaIUCh 1MOJ00HBIE MEPCHEKTHBHBIE CaMOJIETHl. Takxke, BOMPOCHI,
CBsI3aHHBIE C CO3JJaHUEM T'€PMETHYHOM KaOMHBI, HE3aMEHUMOH IIPH TI0JIETaxX B
BEPXHHX  COSIX  arMocdepsl M KOCMHYECKMX  MYTEIIECTBUSX,
pa3pabaThIBaICh MHOHEPAMH PAKETHO-KOCMHUYECKOH TEXHHKH. AKTHBHO
paboTHI IO CO3AaHMIO TEPMOKAOMH ISl aBHAIIMN HAYaInCh Ha pyoeske 1920-x
— 30-x 1T., KOT/1a MPIMEHEHHE KUCIOPOAHBIX MacoK YK€ He COOTBETCTBOBAIIO
TpeOOBaHUAM, TPENbSBISIEMbIM OOJBIION BBICOTOM MojeTa B cTparocgepe,
JOCTHKEHHE  KOTOpPOM  cTalo  BO3MOXKHBIM  Omarojapst — ycmexam
JBUTATEJIECTPOCHUSI.

[NapammensHo ¢ uaeeld repMOKaOWHBI pa3BUBANACh HICS BBICOTHOTO
ckadanapa. IlomMuMo Kaxylecss NPOCTOTHI CO3MAHHUS TEPMETUYHOTO
KOCTIOMa, IOJI0OOHOTO YK€ JaBHO MPUMEHSBIIMMCS B BOJIOJA3HOM Jiesie, OHa
COOTBETCTBOBAJA IPUBBIYHBIM B TO BpeMs INPEACTABIEHHSIM O IOJIETE B
OTKpHITOH KabuHe. [lepBble BBICOTHBIE aBHALMOHHBIE CcKadaHIphl ObUIH
co3nanbl B 1930-e rr. OHM TO3BONAIM MUHHMMAJbHO (IO CPaBHEHUIO C
repMoKaOMHAMH) U3MEHSATh KOHCTPYKIHIO CaMOJIeTa, TIPeTHa3HAYEHHOTO JUIs
BBICOTHBIX ITOJICTOB. HecMOTpsl Ha co3maHue SKCIepHUMEHTAIBHBIX 00pasIioB,
JaHHOE HalpaBJIeHHE B TOT MEPHOA IIMPOKOTO PAa3BHTHS HE MOIYy4YHIIO, B
YaCTHOCTH, 10 TOW NMPHUYMHE, YTO cKadaHIPHl HE MOIXOIUIN JJIsI IEPEBO3KU
maccaxupoB. B To ke Bpems, B 1930-e rr. ObUTH CO3aHBI yAaUHBIE 00pa3IIbI
repMOKaOMH, a TaKXe YCTaHOBIEHO, 4YTO TEXHHYECKH BO3MOXKHA
repMeTH3anusl Bcero (ro3eispka MpH HE3HAYUTENHHOM YBEIWYEHHH MacChl
KOHCTPYKIMH. PaboThl B 3TOM HaIlpaBieHHH MPHBEIN K CO3IaHUI0 MEPBBIX
BBICOTHBIX MACCAKUPCKHX CaMOJIETOB C TepMOKaOMHAMHU OOJIBILIOrO 00beMa.
Takum o6pazom, B 1930-e IT. HaKOTUIEHHBIH OIBIT TIO3BOJIMII CO3/1aTh ITEPBbIC
CaMoJIeThl C TePMETUYHOW KaOWHOH, mpeaHa3sHa4YeHHbIE Ul HMPaKTHYECKOU
SKCIUTyaTaluH.
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MopeaupoBaHne TeNJ1000MeHa B HEOHOPOIHBIX TYPOYJIeHTHBIX
MOTOKAX
T'onosuer U.I"., ITnatos C.A.
I'ocHUUAC, r. Mocksa

B pmoximagme  mpoaHanM3WpOBAaHBl  MMEIOIIUECS  HCCIIEIOBAHUS
a3pPOAMHAMUYECKMX M TEIJIOBBIX XapaKTEPUCTHK Tell B HEOJHOPOJHBIX
TypOyJIEHTHBIX TOTOKaX, T€HEPHPYEMbIX BHXPEBBIMH cieJaMu (TaHIEeMHOE
obrekanue).  [lokazaHo, 4YTO  a’pONMHAMUYECKHE H  TEIUIOBHIC
XapaKTEePUCTUKH MIPH ITONAJaHUH B 00JIaCTh BUXPEBOTO ciena (pu OONbIINX
yrcnax PeifHombpaca) MOTYT H3MEHSTHCSI B HECKOJIBKO pa3. Y CTAHOBJIEHO, 9TO
IUIsL pacyeToB TaHAEMHOTO OOTeKaHWs B Oolee MIMPOKOM JHAINa30HE YHCE
Re Tpebyercs co3manme oOoOmaromeir Momend TypOYJICHTHOCTH,
BKJIIOYAIOIIEH  MOJENMPOBAHHE JIAMHHAPHO-TYpOYJIEHTHOTO  IIepexoja,
KPHMBHU3HBI JINHUHI TOKA U MepeHoca TYPOYJIEHTHBIX TEIJIOBBIX MOTOKOB.

JopoxHas kapta «cnob30BaHie HAHOTEXHOJIOTHII B aBUALIMOHHOM
TMPOMBIIIJIEHHOCTH»
Kapaces O.1., Bumnesckuii K.O.
BIIS, r. Mocksa

WHCTUTYT CTAaTHCTHYECKWX HWCCIENOBAHMH W OSKOHOMHKH  3HAHUH
HannonaneHOTO MCCIEIOBAaTENECKOTO yHUBepcHTeTa «Bplcmias —mikoia
skoHomukm» (MCHUD3 HUY BIID) mo 3akasy OAO «PocHaHO»
pa3pabaTbIBaeT CepHIO JOPOXKHBIX KapT (roadmaps), HaIeleHHBIX Ha
(hopMHUpOBaHUE JOATOCPOYHBIX HMHHOBAIIMOHHBIX CTPATETUH I BaKHEHIITHUX
CEKTOPOB POCCUNCKOM 3KOHOMUKH, MPOLYKTOBBIX IPYII U TEMaTHYECKUX
obnacreii. OmHMM M3 TakMX MPOEKTOB SBISETCS JIOPOXKHAs —Kapra
«Hcnonp30BaHNe HAHOTEXHOJIOTUI B aBUAITIOHHOMN MPOMBIIIIEHHOCTH.

KommiekcHblii  xapakrep  (pakTOpoB,  CHAEPKHBAIOUIMX  pa3BUTHE
MaccaKUpCKoro asuacTpoeHus B Poccum, ¢ yueTom ycuiamBamomeics
KOHKYPEHIINM CO CTOpPOHBI aMEPHUKAHCKHX, €BpOINEHCKHX, KaHaJCKHX,
OpasmIbCKHUX M APYTHX MPOM3BOJHTENEH, MemaeT 3()(heKTHBHOMY Pa3BUTHIO
0e3 co3maHus MEXaHU3Ma B3aHMMOJICHCTBHS MEXKIY OpraHU3alUsIMH OTPACIH.
Hopoxnass  kKapTa  mpeacrtaBiuser mpuMep  (opmara  1mMOm0OHOTO
B3amMOJEHCTBHA. Pa3paboTaHHas ¢ y4acTHeM MpeICTaBUTENel KITFOYEBBIX
YYaCTHHKOB PBIHKA U HAyYHOTO COOOINECTBA KapTa OTPaKaeT MHTETPATBbHOE
NpeJCTaBICHHE O  Pa3BUTHM  HAHOTEXHOJOTMH B  MacCaXUPCKOM
CaMOJIETOCTPOCHUH M BBLAEISET OCHOBHBIE HAIPABICHUS €ro PHIHOYHBIX
BHEJPECHUM.

JopoxHass kapra o0000LIaeT MHEHHE O3KCIEpPTHOIO COoOOLIecTBa O
BAXKHEHIINX TEXHOJOTHAX, HCIOIb3yEMBIX IPU IMPOU3BOJCTBE MACCAKUPCKUX
CaMoJIETOB, U TPOJYKTaX, OCHOBHBIE MOTPEOUTEIHCKHE CBOMCTBA KOTOPBIX
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OTIPEJICNIAIOTCS TPUMEHEHHWEM B WX KOHCTPYKIHUSX HAHOKOMIIOHEHTOB M
HaHOMAaTepPHAaJIOB.

Kapra onuceiBaer CcTpykTypy copoca Ha MPOJIYKTHI, CBSI3aHHBIE C
HaHOTEXHOJIOTUSMHU, MTPUMEHUMEBIE B MPOU3BOJICTBE CAMOJIETOB M YKa3bIBA€T
MIEPCIICKTUBHBIC PBHIHKH, HAa KOTOPBIC MOXET OBITh OPHEHTHPOBAH BBITYCK
YKa3aHHBIX TPOAyKToB. JlOpoKHas KapTa OICHHBACT BO3MOXHOCTH
TEXHOJIOTHH TIO0 OOECIIEYCHUIO KITIOUCBBIX MOTPEOUTETHCKIX CBOMCTB
MIPOAYKINU aBHACTPOCHUS, ITO3BOJISIOMINE CPOPMUPOBATH €€ CYIICCTBCHHEIC
KOHKYpPEHTHBIE TTPEUMYIIIeCTBA.

BusyanpHOoe mpencTaBieHHE JOPOXKHOM KapThl BKJIIOYAET HYETHIPE
OCHOBHBIX pa3Jena:

- TexHonoruueckoe pa3BUTHE;

- HaHoKOMMIOHEHTHI 1 HAHOMATEPHAIIBI;

- [ToTeHanbHEBIN 00BEM CIIpOCca Ha U3ACIHS C HAHOKOMITOHCHTAMU;

- CerMeHThI ppIHKa OTPACIH.

HaHounaeHnTnpoBanue KepaMH4eCKUX JAKOKPACOYHBIX MOKPBITHIi
I'aspunos /I.I'., Mamonos C.B., Maptupocos M.U., Pabunckuii JI.H.
MAM, r. MockBa

HanounneHntupoBanue - METO/I, TO3BOJISTFOIIAHN ONPENENATh
MEXaHWYIECKHUE U YCTAJIOCTHBIC CBOWCTBA PA3IMYHBIX IICHOK, HMOKPHITUI 1
MaTepHanoB Ha HAHOYPOBHE.

HccrnenoBanusi MPOBOIWIMCH Ha o00pasiiaxX, MNPEACTaBIAIONIMX COOOM
CTaJbHBIC TUIACTHHBI MPSAMOYrojbHOW (opmbl SMM X 10MM, Ha KOTOpBIE
HAHOCWJIACh TTOPOIIKOBAs IMOJMMEpHAs Kpacka Ha 3IOKCUAHO-NONUI(pUpHON
ocHoBe (¢upmbl AkzoNobel (['ommanmms) pa3muyHbIX IBETOB (IO
MeXAyHapomHoMy Katamory RAL). [lns mpunmanumst  IOBEpXHOCTH
JOTIOJTHUTENbHOW HM3HOCOCTOWKOCTH M YAApONPOYHOCTH Ha OKPAIICHHYIO
MIOBEPXHOCTh HAHOCHWICA Kepammieckuii HaHoiak CeramiClear Deltron
D8105 ¢upmer PPG Industries (CILA). DToT jak BBICTymaeT B KadyecTBe
3alIMUTHOTO  CJIOS  OKpPAaIIeHHOM  TOBEPXHOCTH M  YIydIlaeT ee
SKCIUTyaTallMOHHbIE CBOMCTBAa. HaHeceHne NMOoKpeITUi TPOBOAMIIOCH B KaMepe
Gema (LlIBefirtapusi) 3MeKTPOCTATUIECKUM pacubuieHneM. [IpenBaputensHO
MPOBOJINIIACH MTOJTOTOBKA OKPALIMBAEMbIX TOBEPXHOCTEH: 00€3)KUPUBaHKE U
¢dbocharuporanue.

JI1s 9KCIIEpUMEHTOB MCIOJB3YETCs U3MEPUTENbHBIN KoMIuieke NanoTest
600 (BemukoOpuranwus). I[IpuBOmSTCS €ro OCHOBHBIC XapaKTEPUCTHKH,
TEXHMYECKOE OITMCAaHHe, pacCMaTpUBAeTCsl IepedeHb HCCIEAO0BaHUM,
KOTOpBIE MOKHO TPOBOJHUTEH C MOMOIIBIO 3TOTO KOMIUIEKCA. AHAIU3UPYETCs
METOMKA MPOBEJCHUS HKCIIEPUMEHTOB, PACCMATPUBAIOTCS Pa3IMYHbIE THITHI
WHIEHTOPOB. B KadecTBe pabouero ncrons3yercs HHASHTOP bepkoBuya.
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[MpoBoauTcs Tomorpadusi MOBEPXHOCTH JIAKOKPACOYHBIX MOKPBITHH. [0
IMOJTYYCHHBIM OKCIICPUMCHTAJIbHBIM ~ JaHHBIM KOMIIBIOTEpHAasA CHUCTEMA
kommiekca NanoTest 600 ompemenseT: MakCUMalbHYIO — TIIyOWHY
MIPOHMKHOBEHHMS, TUIACTUYECKYI0 nedopmanuio, TBEpAOCTh Mo bpunemto,
TIPUBE/ICHHBI MOAYJb YIPYTOCTH, YIIPYro€ BOCCTaHOBJIEHHE, ITOIATINBOCTh
KOHTAKTa U Psill IPYTUX XapaKTEPHCTHK.

Teoperndeckne pacdeTs! MPOBOIATCS € TIOMOINBIO  IPOTPAMMHOTO
obecrnieuennst Ha ocHoBe Mojenn Onusepa-Dappa.

PaGora BrmonHeHa mpu ¢uHaHcoBoi mommepxkke DIII «Haydunsie u
Hay4YHO-TIEJarOTHYecKre Kaapel WHHOBarmoHHOH Poccum» Ha 2009-2013
rogpl mo 1oty «[IpoBeneHne Hay4yHBIX MCCIEAOBAaHUI KOIJIEKTUBAMHU
HAay4HO-00pa30BaTeNbHBIX IEHTPOB B O0JAaCTH HAHOTEXHOJOTMH W
HaHOMAaTepHaIoBy», FOCKOHTPAKT Ne 02.740.11.0790 ot 17.05.10r.

MatemaTHueckasi MOJeJIb Pery;JIMPOBAHHUS TeNJI0BOT0 COCTOSIHUS
JIeTYUKA NPH Pa3INYHbIX YCJIOBHUAX NMOJ€Ta
IMnaynun B.C., CmuproBa I'.A.
MAM, r. MockBa

ObecrreueHne KOM(POPTHOTO TEILIOBOTO COCTOSIHUS JICTUYHKA SIBIIIETCS Ha
CETOIHSAIIHUN NEHb OJTHOM U3 BaXKHEHIIINX 3aJa4.

B HacTosmmee BpeMs CYIIECTBYIOT CHCTEMBI BEHTIUIAIMH 3allHTHOTO
CHApSDKEHHS, B KOTOPBIX MWJIOT TIO0 COOCTBEHHBIM TETIOOIIYIICHUSIM
BPYUHYI0  YCTaHABJIIMBAae€T  TIOJOKEHHWE  KpaHa-peryisiTopa  pacxoja
TertoHocutens. JJoOuTbes KoM(OPTOro COCTOSHUS, KaK MOKa3bIBAET OIIBIT,
HE yaeTcs W3-3a 3arpy»KCHHOCTH JICTYHKA pab0OTaMU IO BBITOJHEHUIO CBOCH
OCHOBHO¥ 3aaun. HaOromaeTcs meperpes Wil mepeoxiiakICHIe OpraHu3Ma,
YTO TMPUBOUT K CHIDKEHHUIO pabOTOCIIOCOOHOCTH.

AKTyanpHOW 3amadeil sABISETCA pa3padOTKa aBTOMATHYECKOH CHCTEMBI
pEeTYIMPOBaHUS TEIDIOBOTO COCTOSHUS MIJIOTa 10  (DU3HOIIOTUIECKUM
IIOKa3aTeIIsIM.

JleTunk B KabuHE caMoIeTa HAXOIUTCS B BEHTHWISAIIMOHHOM KOCTIOME U €r0
TEIUIOBOE COCTOSIHUE PETYIHPYETCsl H3MEHEHHEM TeMIIepaTyphl TI0aBaeMOoro
B KOCTIOM BO3/yXa.

B nmanHOii paboTe TmoiyyeHa MareMaTH4eckas MOJAETbh TEIIOBOTO
COCTOSHHS IIUJI0TAa B 3alllUTHOM CHapH)KeHI/II/I, OIIMCBhIBAKOIIAsA TCEIIJIIOBBIC
MIPOIIECCHI B OPraHU3Me YeJIOBEKa U B BEHTUJISIITUOHHOM KocTioMe. Ha ocHoBe
pa3paboTaHHON MOJIETU COCTAaBJICHBI CHCTEMBl YpPAaBHCHUN TEIJIOBOTO
OajaHca ¢ y4eTOM Pa3HBIX BHEIIHUX YCJIOBHIA: MPH IOJIETE B COTHEYHYIO U
MACMYPHYIO MOTOJY, MPHU Pa3IMYHBIX 3HAYCHHUSAX CKOPOCTEH (IIO3BYKOBOW W
CBEPX3BYKOBOH TOJIET), TMpH pa3MYHBIX BBICOTaxX Tojera. Takxke
HCCIICZIOBAHBI CITyYal OTKa3a CHCTEMbI KOHAUIIMOHUPOBAHUS KaOUHEIL.
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JIJisi  4MCJIEHHOTrO pelIeHHs TIIOJNyYeHHONH CHCTeMbl ypaBHEHHMH Obuia
pa3paboraHa mporpamma B cpeae Matlab.

B kauecTBe BXOHOTO ITapameTpa 3a1aBajoch 3HaUCHHE OOLIMX YHEProTpaT
JIETYMKA WITM 3HAUEHHE BHEIIHEH MeXaHN4eCKOH paboTHI.

Pa3paboTanHas mporpamMma TO3BOJISIET OLEHUBATh TEIIOBOE COCTOSIHUE
MAIOTa ¥ B 3aBUCHMOCTH OT YPOBHS OOIIMX SHEProTpaT MNHIOTA WIH
BEITIONTHAEMOW WM Pa0OTHI, a TaKKe B 3aBUCHMOCTH OT YCIIOBHH ITOJIETa
monOoupaTh HEOOXOIAMMY TEMIIEpPaTypy II01aBaeMOr0 B BEHTWIISAIMOHBIN
KOCTIOM BO3/yXa, 00ECIIEYHBAIONIYIO TEIUIOBOH KoM(OopT muioTa

Ha ocHOBaHMM TNOJIYYEHHOH MaTEMAaTHMYECKOHM MOJEIN BO3MOYKHO
CO3IaHME CHCTEMBI C AaBTOMATHYECKHM pPETYIUPOBAHHEM TEILUIOBOTO
COCTOSIHUS IIWJIOTA B U3MEHSIOIIMXCS YCIOBUAX OKPY’KAIOLIEH Cpelbl U IIPU
MOCTOSIHHO MEHSIOIIEMCS YPOBHE (DU3UUECKOI W IMOLMOHAIBHOW HArpy3KH.
JanHas cuctemMa 00ecleyduT KOM(OPTHOE TEIIOBOE COCTOSHHE JICTUYHMKA B
TEUEHHWE BCErO TIOJIeTa, 4YTO IOMOXET JIETYUKY COCPEJIOTOYUTHCS Ha
BBIIOJIHEHUH CBOETO OOEBOrO  3aJaHWsi M  CYIIECTBEHHO IOBBICHT
0€3011acHOCTb TI0JIETA.

MartemaTu4eckoe MOeJIMPOBAHNE FHAPABINYECKOT0 CONPOTHBJIEHUS B
Tpy0ax ¢ IepOX0BATHIMH CTEHKAMH Ha 0a3e NPUMHIMIA CYNePHO3UIIUN
MOJIHOM BA3KOCTH
JloGanos N.E.

MAMW, r. MockBa

Pa3zpaborana mMeTonuka TEOPETHUECKOTO PACYETHOTO NETEPMHUHHUPOBAHUSA
koo duIMeHTa THIPABINYECKOTO CONPOTUBICHUS U KPYIJBIX TpyO ¢
LIEpOXOBAaTBIMU CTEHKAaMH HAa OCHOBE IMPHUHLIHMIA CYHEpPHO3ULUU IOJHOU
BS3KOCTH B TYpOYJEHTHOM CJO€, IMPEUMYIIECTBEHHO OTJIHYAromascs OT
CymecTByromux Teopuil. [lomydeHHble pe3yiabpTaThl  pacuéra Ui
pacuIMpeHHOTO JHalra3oHa OMNpENeIOMNX IapaMeTpoB, CYIIECTBEHHO
OTIMYalOIuecs OT MAaHHBIX JUIA KpYIJBIX TpyOo ¢ TypOymm3aTopamw,
YKa3bIBaIOT Ha ypPOBEHb WHTEHCH(HUKAIWU TermooOMeHa. s Manblx H
CPEIHHUX BBICOT IIEPOXOBATOCTH TEOPETHUECKUE 3HAUCHHUS THIIPABINIECKOTO
CONPOTHBJICHHS B INEPOXOBAThIX Tpy0ax IPHUMEPHO COOTBETCTBYIOT
SMIOHMPUYECKUM  3HAUeHMsIM —  [pd  JajJbHEWIIeM  yBEeJIHYEHHU
OTHOCHUTENIBHOW  BBICOTBI ~ IIEPOXOBATOCTH  TEOPETHYECKHE  3HAYCHUS
IPEUMYIIECTBEHHO OTIMYAIOTCS OT AMIMPHUYECKUX 3HAYCHUH, B TOM YHCIIE,
IpU OuYeHb BBICOKMX 4uMcnax PeliHonmbaca. Teoperudeckue pelieHus,
MOJyYeHHbIE B JJaHHOM HCCIIEIOBAaHHM, IOKa3alHd, 4YTO B yBEJIUUYEHHE
pacuéHbIX 3HAYEHUI OTHOCUTEIHHOIO THAPABINYECKOTO CONMPOTHBICHUS AT
TpyO ¢ odeHp OONBIIMMH 3HAYEHHSIMH OTHOCHTEIHHOH MIEPOXOBATOCTH
CYIIECTBEHHBIH BKJIaJ JaéT Kak YBEIMUYCHHWE OTHOCHTEIHHOW BBICOTHI
IIEPOXOBATOCTH, TaK W YBEJIMUEHHE dncia PeiiHombaca. AHamm3 pacy&éTHBIX
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3HAYCHUU THUAPABINYCCKOIO COMPOTUBJICHHSA B IIEPOXOBATHIX Tpydax ¢
AHaJIOTHYHbBIMHU OKCIICPUMEHTAJIbHBIMU 3HA4YCHUAMU JJIA pr6 C
MIEPUOANYECKUMH IIOTIEPEYHO PACIOIOKEHHBIMU TYpOy/IN3aTopaMH IOTOKA
MOKa3ajJ, YTO B IIEPOXOBATHIX OYEHb OOJBIIMX OTHOCHTEIBHBIX BBICOT
LIEPOXOBATOCTH THJPABINYECKOE COMPOTHBIICHWE BCErAa HIDKE, 4YeM JUIs
TpyO ¢ TypOynM3aTopaMy INpPU NPOYMX PAaBHBIX YCIOBHSAX, a Ul MajbIX,
CpenqHHX H OONBIIMX OTHOCHTENBHBIX BBICOT HAWJCHBI TPaHULBl KX
NPUONU3UTEILHOTO COOTBETCTBUSL NPH MNPOYUX PABHBIX YCIOBHSAX: YeM
MeHbIIe gyucno PefiHonbaca, TeM 0oJblIe JOJDKeH ObITh OTHOCHTENBHBIX HIar
MEXIy TypOynu3aTtopamu. [ J1laBHOE NMPEHMYILECTBO PEILEHHUH, MOIYyYEeHHBIX
Mo  pa3pa0OTaHHOH TEOPHH IO CPAaBHEHHI0O C  OMIHPHYCCKHMH
3aBUCUMOCTSAMHU 3aKIHOYa€TCd B TOM, YTO OHH IIO3BOJIAIOT pacCUUTaAThb
THIPABINYECKOE COIPOTHUBIICHUE B IIEPOXOBATHIX TPyOax B cliydae OOJIBIIUX
U OYCHb 6OJ'IBIHI/IX OTHOCUTECJIBHBIX BBICOT BBICTYIIOB HIEPOXOBATOCTU B TOM
yucie U it 0oNbIKX yucen PeiiHoibca, 4TO XapaKkTepHO, HalpuMep, JUis
TpyO  Mampix  guamerpoB.  [lomydeHHble — pe3ynbTaThl  pacuéra
THIPABINYECKOTO COMPOTHUBIICHUSI JUISI KPYIJIBIX IIEPOXOBATBHIX TPYO JUIs
paCIIMPEeHHOTO JWana3oHa ONPENeISIONNX IapaMeTpoB, CYIIECTBEHHO
OTJIMYAOIINECS OT COOTBETCTBYIOLIIMX MJaHHBIX I KpPYIJBIX TpyO ¢
TypOyJIU3aTOpaMH, KOCBEHHBIM 00pa3oM  YKasblBalOT Ha  YPOBEHb
WHTEHCH(UKAIINH TeTI000MeHa 3a CU€T MCIOIh30BaHUS MIEPOXOBATHIX TPYO
BMECTO TJIaJIKHX.

Henuneiinas MoJeab MOAIMIMIHMKA CYX0ro TPeHUs B 3aaYax JTMHAMHKH
POTOPHBIX CHCTEM
CunatoB A.H., Jleontse M.K.
MAMU, r. MockBa
Hertapes C.A.
Anbda-Tpan3uT, T. XUMKH

C Havana 60-b1x ro1oB 20 BeKa MOJIIWIIHUKH CyXOTO TPEHUS SIBISIFOTCS
BOCTPEOOBaHHBIM H3JAEIHEM B MamHMHOCTpoeHHH. OOYCIIOBIEHO 3TO
BO3MOXKHOCTBIO MX pabOThI B BaKyyMe, B arpeCcCHBHBIX cpefax 0e3 moasozaa
CMa3KH, TNPH OTHOCHTEIBHO OONBIIMX TEMIepaTypax HMes JOCTaTOYHO
HU3KYIO CTOUMOCTS. [Toatomy, BO3pacTaer NOTPeOHOCTh B
MOJIEJTUPOBAaHUHUTUHAMUYECKOTO MTOBE/ICHUSIBAJIOB Ha TaKuX
nogmunHukax.l{enplo 1aHHON paboThl SBISUIOCHCO3JAHUE HEJIMHEHHOTO
9JIeMEHTa TNporpaMMHOi cucteMbl Dynamics R4 mocpenctBamkoroporo,
MOXKHO MOJEIMPOBATh POTOPHBIE CUCTEMBI, OMUPAIOIIUECS HA MOJIINITHUKY
cyxoro TpeHus.B nporecce paboTsl ObUTM cO3JaHBIMAaTEMaTHYeCcKasi MOJEb,
QITOPUTM M TPOTPAMMHBIH  MOIYJNb  3JEMEHTA.DJEeMEHT  SIBISETCS
MHOTO(QYHKIIMOHANEHBIM, — TO3BOJISIIOIIMM ~ MOJENHPOBATH HE  TOJBKO
TIOJIIUITHUK CYXOTO TPEHHMs, HO W SIBJICHUS, CBSI3aHHBIE C BEIOOPKOI 3a30pOB
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B POTOPHOM CHUCTEME: 3a30p MEKIY POTOPOM U CTaTOPOM, 3a30p MEXIY
IByms poropamu. IlpencraBieHo [Be MOJENM IOALIMIIHUKA: TOYEUYHAs
MOJIENb U MOJETb, yUUTHIBAIOIIAS AJTUHY MOALINITHUKA.

B ToueuHOM MOJenu NOALIMIIHUKA,B TOYKE KOHTAKTa BO3HMKAIOT JBE
CHJIBL: paJualibHasl U TaHTeHIManbHas. PaquanbHas cuiia onpenenseTcs yepes
KOHTaKTHYIO JKECTKOCTh M Ae(OPMAIIHIO B TOUKE KOHTAaKTa. TaHTeHIMambHas
- TIpomopIHoHaNbHa paguaibHol. Koaddummenrom mnpomoprnoHansHOCTH
sBIsieTcsl  KO3(p(UIMEHT TpeHMS CKONBXKEHHWA. MoJenb  yYUTHIBAaeT
MIPOCKANb3bIBAHUE B TOYKE KOHTAKTa, 4Yepe3 MHHUMAIBHYIO CKOPOCTb
MIPOCKANb3bIBAHH, KOTOPAs 334a€TCSANS MOAMIMITHUKA CYyXOTO TPEHHUSI.

Mopeins no3BoJseT ONPEAEAUTh BA, PELIECCHOHHOTO IBHKEHUS. POTOPA B
YCIIOBUSIX KOHTAaKTa, TE€M CaMbIM OIPENEIUB COUYETaHHE I[apaMETPOB
pOTOpHOW CHCTEMBI, NPUBOMANIMX K OINACHOMY SBJICHHIO — OOpaTHOMY
IIPELIECCHOHHOMY JIBWJKEHUIO. B anropurMme Takke y4UTBIBACTCS YAAJIECHUE
TOYKM KOHTaKTa OT TOYKH CBSI3H, YTO NPHUBOJUT K HEOOXOAMMOCTH ydeTa
M3rudarIero MOMEHTa M NEepPeHOCYy CHJIBl M3 TOYKH KOHTAKTa B TOYKY
3aKpeILICHUS.

Mogens  NOANIMIIHUKA  CyXOrOo  TPEHWs, y4YUTHIBAIOIIAs  JUIMHY
TIOIIUITHUKA, TIPEJICTABIAET COO0I pa3sBUTHE TOUCUHONH MOJEIH, 10 MOAEITH
C IBYMsI TOUYKAaMHU KOHTAaKTa, YOAJICHHBIX OT TOYKH CBs3H. COOTBETCTBEHHO,
KOHEYHBIM aJTOPUTMOM SBJISIETCS OOBEIMHEHHE ABYX MOJEICH TOYEYHOTO
KOHTAKTa B OJIMH.

IIpencraBnensl  pe3ysbTaTbl  MOACIUPOBAaHHS  TOYEYHOIO  POTOPA,
ONMPAIOLIETOCS HAa NOJUIMIIHAK CyXOT'O TPEHMs, U IBYXOIIOPHOTO POTOpa C
Y4eTOM JJIMHBI TOAITUITHUKA.

Ynpyrue cBoiicTBa NOAIMIHUKOB Ka4eHUS
HasbinoB A.B., CuerkoBa E.N., Bynatos K.1O., Jleontee M.K.
MAM, r. Mocksa
Hertspes C.A.

Ansda-Tpan3uT, T. XUMKI

B HacTosmiee BpeMsi OOJBLIYIO POJIb B JUHAMHYECKUX PacdeTax pOTOPHBIX
CHCTEM HIpaeT TOYHOE ONpeleleHHe YNPYTuX CBOMCTB IOIUIMITHUKOB
Ka4yCHUs. I_IJ'IH OTOT'O0 HMCIOJIB3YIOTCA HEJIMHEIHBIE MaTeMaTUYeCKUe MOACIN
NOAIIMITHUKOB Pa3HOr0 YPOBHSI CIOXHOCTH. Pasnuume 3THX Mojenen
3aKJII0YaeTCsl B KOJIMYECTBE CTEIEHEeH CBOOOA W YYTEHHBIX (DaKTOpPOB,
BIMAIONIMX Ha pabory nommmnHuka. K TakuM QakropaM OTHOCAT: 3a30p
MEXIy TellaMH KadeHWs W KOJIbIIaMHU TOZIIMITHUKA, OCEBbIE W paJuajbHbIC
Harpy>keHusi, TEINIOBOE COCTOSTHHE, CMa3Ky, BIUSHHE CerapaTopa, WHEPIHIO
TeN KaueHWs, IMOJATIMBOCTh KOJEL MOINIMIHUKOB, HATAT MO BHYTPCHHEMY
KOJIbIly IOANIMITHUKA U T.1. Bee 3TH (hakTopbl MEHSIOTCS B Iporecce paboThl
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TO/IIAITHUKA, U BJIHMSIOT Ha JKECTKOCTh M BHOPAIMOHHBIC XapaKTCPUCTHUKU
OTIOPBI.

BritoueHre HETMHEHHBIX MOJIIAITHIUKOB B MOJETH POTOPHBIX CHCTEM
BEJICT K 3HAYUTCIHLHOMY YBEIMYCHUIO BPEMCHU PAacyeTOB. AJBTCPHATHUBOM
TAKUM MOJICJISIM SIBIISTIOTCSI JINHEAPU30BAHHBIC MOJEIH, B KOTOPHIX YIIPYTHE
CBOMCTBA MOAIIAITHUKOB MOJICTHUPYIOTCS )KECTKOCTHBIMU KO3 (DUIIEHTAMH.

Jlis ompenenenust 3TUX KOADPUIUCHTOB TAKXKe MOXKHO HCIIOJIb30BAThH
HEIUHEHHbIE MOJIENTH MOIINITHAKOB KadeHus. Mozenb ¢ 2-Msl CTeleHs MU
CBOOO/BI YYHMTBHIBAET YACTOTY BpAllleHHs Baja, NUCOATIAHCHI, CHJBI Beca,
3a30pbl, KOJMYECTBO TEN KaUeHHsI B 30HE HATPYKEHHUS MO3BOJISIET OINPEIEITUTh
TOJIBKO pajuaibHble KOI(PPHUIUEHTH JKECTKOCTH IMOJIIUIHUKA. MoJensb ¢
MSATHIO CTEICHSIMHU CBOOOBI YUMTHIBAET JOMOIHUTEIBLHO OCEBYIO CHITY, YTOJ
KOHTAKTa HHEPIIUIO TeJl KAYCHHUs, MOMCHTHBIC PEakIiu. B pe3yibraTe MOKHO
OMPENEIIUTh MOJHYI0 MaTPHUILy KO3((HUIIMEHTOB KECTKOCTH — JIMHCHHBIX WA
TaHTCHTHBIX.

O0a THIa KeCTKOCTEH MOYKHO HCIIONIF30BaTh MPU JIMHEAPH3AIUN YIPYTUX
CBOWMCTB moamumauka. OIHAKO CleAyeT WMETh B BHIY, YTO MaTpHIa
JMHEHHBIX KOI(PPUIMEHTOB IMKECTKOCTH JaeT TOYHBIE PEe3yJIbTaThl MO
nedopmanmsim u peakiusim. JInHeapu3aipst >KeCTKOCTHBIX XapaKTEPUCTHK O
TAHTCHTHBIM  KECTKOCTSM JaeT TOYHbIE pEe3yabTaThl [0 YacTOTaM
PE30HAHCHBIX MHUKOB.

Kak BHIUM, TpU JIHHEAPH3ALMH SKECTKOCTH MOMALIMITHUKA CYIIECTBYET
HEKOTOpasi  HEONPEACICHHOCTh B BhIOOpE  THMA  JKECTKOCTHOMU
XapaKTePUCTHKH. J[pyrM MOMEHTOM SIBJISIETCS TO, YTO B HArPy3Ke y4acTBYET
HE TOJIBKO CHJIa Beca, HO M JHUHaMHUYecKas Harpyska. OHa MOXKeT 3aaBaThCs
KO3 PUIIMEHTOM Teperpy3Ku, OJHAKO TaKOH IMOIXOJ TaKKe BHOCUT CBOH
MOTPEUTHOCTH, YYUTHIBASI, YTO TUHAMHYCCKAsI HATPY3Ka MePEeMEHHAS 1 MOKET
OBITH TOCTATOYHO OOJIBIIIOM.

B jmoknage mpencTaBieHbl Pe3yNbTAThl  OMPEACTICHHUS] KECTKOCTHBIX
XapaKTEPUCTUK TMOIIIMIHAKOB C HCIOIb30BAHHEM HEIHMHEHHBIX MOJeei
TO/IITUITHUKOB.

YcranoBka s popMupoBaHUS NPECCHIaKeTOB TOPMO3HBIX JUCKOB
aBHAIIMOHHBIX KOJIeC U3 KOMIIO3HMTA YIJ1epo/ — Yriiepos
ITaBnoB T.A., JontokoB U.A., Macnos 1O.B.

MAMWU, r. MockBa

B coBpeMEeHHBIX  TOPMO3HBIX  CHCTEMax  aBHALIMOHHBIX  KOJIEC
MEPCIEKTUBHBIM SIBIISIETCS NPUMEHEHHUE KOMIIO3UTHBIX MAaTEepHalioB JUIs
H3TOTOBIIEHHSI TOPMO3HBIX IUCKOB.

OnHMM K3 NEpPCHEeKTUBHBIX HAlpaBIICHUH SBISIETCS HCIOJIB30BaHHUE B
BBICOKOHArPy>XEHHBIX CHCTEMaX TOPMOKEHHUSI KOMITO3UIIMOHHBIX MaTepraoB
¢ yrieponmHoi Matpumed (yriaepon-yraeponasie KM). B Hactosmmee BpeMs
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UMEETCsl PsI YCTAaHOBOK Il (OPMHPOBAHHUS IPECCIAKETOB TOPMO3HBIX
JMCKOB JUI1 CaMOJIETOB U aBTOMOOWJIEH, HO OHHM OOJaJaioT LEJBIM PsIoM
HEJIOCTAaTKOB:

HeonHOpoaHOCTH BOJIOKHHCTONH CTPYKTYPHI HpeccliakeTa Kak CJeJCTBHE
TIEPEMEHHOT'0 YPOBHS OCaXK/ICHHsI BOJIOKHA B Kamepe.

HenocraTouyHelii ypoBeHb MEXaHW3aLUH M aBTOMATH3ALMHA — HaJHMYHE
PYYHBIX TPYIOSMKHX OIEpaLHii.

JmUTenbHOCTh M TPYJIOSMKOCTh IEPEHACTPONKHA YCTAaHOBKH C OJHOTO
THIIOpa3Mepa IpeccraKeTa Ha APYro.

Kpome Toro npu paboTe Ha ycTaHOBKax B BO3AyXe BO3HHKAET OOJBIIOE
KOJIMYECTBO KAMEHHOYTOJIEHOM IBUIH, BPEIHOU UL OpraHW3Ma YeJIOBeKa.

Jlns pemieHus 3TuX mpo0OieM Mo 3alaHUI0 IPOMBIIIIEHHOCTH pa3paboTaHa
yCTaHOBKa HOBOTO MOKOJICHHS, [TO3BOJISIIOIIAS TTOJTHOCTHIO H3MEHHUTh CUCTEMY
CO3aHMs NIPECCIaKeTOB U3 KOMIIO3UTHOTO MaTepHaa.

K ycTanoBKe npebsIBICHBI ClIeAYOIIe TpeOOBaHMS:

CraOwim3anysi ypoBHS OCXKICHUS COCTABISIONINX AJIEMEHTOB: BOJOKHA U
IeKa.

MexaHu3alys TPYAOEMKHX OINCpaldii W aBTOMATH3alMsi MPOLECCOB
(bopMOBaHUS U Meperpy3Ku MpeccnakeTa.

BBICTPOTA | JIETKOCTB MIEPEHACTPOHKN THIIOPA3MEPOB.

Ha mnpenBapuTensHOM 3Tame TPOBENEH pPs  OKCIEPHMEHTAIBHBIX
HCCIIEIOBaHMM, B pe3yibTaTe KOTOPHIX ObLIA OIpenesieHa pallOHaIbHAs
CHCTEeMa CMEIIEeHH M YKJIaJKU B IpecchOpMBbl CMECH YIIEPOJHOTO BOJOKHA
U YrojbHOTO meka. [1o CpaBHEHHIO C CYIIECTBYIONIMMHU YCTAaHOBKAMH OBLI
IMOJHOCTBIO M3MCHEH METOA CMCIICHUSA KOMIIOHCHTOB MECKIY CO6017I n Hux
Mmojayy B 30HY CO3JaHHMs TOPMO3HBIX JHMCKOB. Kpome TOro IMoJIHOCTBHIO
W3MEHEHa CHUCTEMa YIPABIICHHS TEXHOJIOTHYECKHM IIPOLECCOM W CaMo
YCTaHOBKOM, YTO MTO3BOJIMIIO 3HAYUTENNBHO YIYUIIUTh ee 0e301acHOCTh, B TOM
YHCIie 3KONIornueckyro. [Ipu 3ToM ee rabapuThl 3HAYUTEINEHO YMEHBIIMIHCH,
a caMa yCTaHOBKA CTaJla 3HAYUTENILHO JCIICBIIC.

PaspaboTaHHas cucTeMa MO3BOJIAET MPOU3BOJHUTH OBICTPYIO MEpEeHATIAIKY
Ha pa3IMYHbIe THUIIOPa3MepBl KOJIeC, IMOBBICHTh KauyecTBO CO3JaBAEMBIX
IMCKOB ¥ WX TOYHOCTb, YTO MOTpeOyeT MeHbLIero o0beMa JOBONOYHBIX
pabor.

Ha ocHoBanumn ITPOBEACHHBIX I/ICCJ'[e)IOBaHI/Iﬁ METOAaMH COBPEMCHHBIX
TEXHOJIOTHH pa3paboTaHa KOHCTPYKIMS YCTaHOBKM W Ha JIAaHHOM J3Tare 3Ta
yCTaHOBKA M3TrOTABIIUBACTCS JUIs MIEpe/lauy ee 3aKa3yuKy U MPHUMEHEHUs ee B
IIPOU3BOJICTBE.
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Kommniiekc nporpaMMHBIX cpeIcTB
«[IpuMeHeHMe MeTOAa AaHAJIN3Aa HePAPXUH /151 BbIOOpa
NpeINoYTHTEIbHON CTPaTernu YNpPaBJIeHHsI PHCKOM))
[TanTenees I1.A.
MAMW, r. MockBa

Paszpaborannblii komIuiekc mporpaMMm B cpene Mathcad mo3Bomsier
OTIpeNIeNUTh HAWIYUlIyI0 CTPaTerHio yIpaBIeHUs] pUCKaMM Ha MpPeaNpUsSTHU
ABHAIIMOHHO-TIPOMBIIINICHHOTO ~ KOMITJIEKCa, CHEHUAIM3UPYIOIEerocs Ha
BBITycKe 00pa3loB HOBOW TEXHWKH, a Takxke BbIOpaTh Hamboiee
TIPEATOYTHTENBHBIH METO/] YIPABICHNS PUCKAMHU B 3aBUCHMOCTH OT YPOBHS
pucka. PaccmarpuBaroTcs CiieAyonie CTpaTerni: COOCTBEHHOTO yAep KaHHs
(TpuHATHS) PUCKOB, TAPMOHU3UPOBAHHOTO YNPABIECHUS PUCKAMH, NEPEAadn
PHCKOB, U peaTn3yIOIINe UX METOABI: YKIOHEHHE, TIepeaata, paclpeaeleHue,
pe3epBUpPOBaHKUE CPEJICTB, OOBbEAMHEHUE, JIOKAIM3AIHs, IUBEepCcUHUKALUS,
JUMHUTHPOBAHKE, KOMIIEHCALINS, IPEAYTIPEXICHHE.

Jlyist peneHust 3a1auu IpUMEHsIeTCs] COOPMUPOBAHHBIH aBTOPOM allr'OPHUTM
NpUMEHEHUs MeToja aHanu3a wuepapxuil. CocTaBleHa HepapXUUECKYIO
MOJIeNb, BKIIIOYAIOIIas YeThIpe YpoBHs uepapxuu: I — puck npeanpustus; 11 —
YPOBHH pHCKa (HHU3KHMH, HW)KE CpETHEro, CPEJHHH, BBINIE CPEIHEro,
BeIcokuit); 111 — MeTonsr ynpaBienus puckamu;, [V — cTparerun yrnpaBieHHS
puckamu. Onmpasch Ha METOAWKY IIONAPHBIX CPAaBHEHUH, COCTaBIICHBI
COOTBETCTBYIOIIME MaTpulbl cyxaeHud. CyTb MeToja 3aKIrodaeTcsi B
HaXO0XX/I€HUN HAHOOJNBIIEro COOCTBEHHOTO 3HAUEHMS MAaTPHILBI CYKACHHHA U
COOTBETCTBYIOIIETO €My COOCTBEHHOTO BeKTOpa (0OBIIHO HOPMHUPOBAHHOTO).
CoOCTBEHHBI ~ BEKTOp  OTpakaeT  YIOPSJIOYEHUE IIPHOPUTETOB, a
COOCTBEHHOE 3HAUCHHE SBIAETCS MEpPOil COIVIACOBAHHOCTH CYXICHHI.
3aKIIOYUTENBHBI BEKTOp BIUSHHUA CTpaTerMii Ha pUCK (TIPHOPUTET
cTpareruii) ToOJlydaeTcsi B  pe3yldbTaTe HAaXOXKICHHS IPOU3BEICHHMS
COOTBETCTBYIOIIMX MAaTpHIl BIMSHUS UYETBEPTOrO YPOBHA Ha TpPETH,
TPETHEro YPOBHs Ha BTOPOM, BTOPOTO YPOBHS Ha MEPBBIIL.

[Mpumenenne co31aHHOTO KOMIUIEKCAa IPOrpaMM II0Ka3ajo, YTO B IIEIOM
JUIL  TpeANpUsATHsS HauOoyiee TIPEANOYTHTENFHONH CTpaTeTHel sBiseTcs
CTpaTerusi TapMOHHM3MPOBAHHOTO YIPABICHUS PHCKAMH, Jajiee CTpaTerus
TIepeiaun pUCKa M CTPaTerus MPUHATHS PUCKA.

Ecnu ypoBeHp pHCKa HU3KHI, LelecooOpasHee MPUMEHSITh CTPATETHIO
MIPUHATUSL PUCKOB, Jlalie€é CTPATETHIO T'apPMOHU3MPOBAHHOIO YIPABICHHS U
CTpaTeTHI0 Teperaud pUCKOB. Ecnmu ypoBeHb pHCKa HMXKE CpexHero,
HenecooOpa3Hee NPUMEHSITh CTPATETHIO TaPMOHU3UPOBAHHOTO YIPABJICHHUS,
Jlajiee CTpaTeruio MPUHATHS pUCKa U Iepefadn pucka. Eciu ypoBeHb prcka
CpeqHMH ¥  BBIIIE CPEJHEro, TO MPEANOYTUTENbHEE  CTpaTerus
TapMOHU3UPOBAHHOTO YTIpaBIIEHMs, Jajlee CTpaTerus INepefaud pHcka U
cTparerusi mpuHsTUS. Ecnm ypoBeHb pHCKa BBICOKHMH, TO IenecooOpasHee
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OPUMEHSITh ~ CTpaTeTHI0  Mepefadyd  PHCKOB,  Jajiee  CTPaTeruio
TapMOHU3HUPOBAHHOTO YIIPABIEHUS U CTPATETUIO IPUHATHS PUCKOB.

[lonmydeHHble pe3ynbTaThl MOTYT OBITH HCIIOJIB30BaHBl B  CHUCTEME
CTPaTEernvecKoro ympaBleHHs PUCKaMH B KOHTYpax OOpaTHOW CBS3W IpH
MIPUHATUH YTIPaBIEHYECKUX PEIICHUH.

IIpo6saeMsbl co31aHus TPEHAXKEPOB ONEPATOPOB 0eCIMHUIOTHBIX
JIeTaTeJILHBIX aNNapaToB
Ceprees C.D.
Koprmopariust «AspokocMudeckoe obopymaoBanuey, r. Cankt-IletepOypr

K ocHOBHBIM 3agadyaM, BO3JlaraCMbIM Ha 6CCHI/IJ'[OTHI)IG CHUCTCMBI,
OTHOCSTCS: pa3Belka, HAOJIOJIeHUe, IlIeJeyKa3aHue M KOPPEKTHPOBKA OTHS
cUCTeM OOpTOBOTO OpYXXHSA, OXpaHa pPaWOHOB JUCIIOKAIlMM BOWCK;
obecrieucHrEe JCUCTBUIA OOEBHIX BEPTOJCTOB apMEHCKOW aBHAIUK B XOJE
OTHEBOH MOAJIEPKKU Ha3eMHBIX YacTel; peTpaHCIALH CUTHAJIOB CBSI3U.

[IInpokoe pacrpocTpaHeHHE NUCTAHINOHHO-YIPABISEMbIX OECIMIOTHBIX
JIeTaTeTbHBIX allapaToB 03HAMEHOBAJIO IIEPEX0/ K aBHAMOHHBIM CHCTEMaM
C YaCTUYHOM W TOJHOW aBTOMAaTH3alMeHd. OTOT IIar IMO3BOJISIET BHIBECTH
muiota ¢ OopTa  CHCTEMBI,  CHH3UTH  TpeOOBaHMA K €0
NMCUXO(U3NONIOTHYECKUM ~ KadecTBaM.  Kpome  TOro,  HCKIIOYAOTCA
BO3/CHCTBHUS HA MIJIOTA SKCTPEMAIbHBIX (PAKTOPOB MOJETA: YTPO3bI XKU3HH,
MIEPEeTPy30K, CMEHBI BO3AYIIHOTO JAaBICHUS U T. 1.

Bwmecre ¢ TeM BO3HHKaeT MpobiieMa MacCOBOW MOJTOTOBKU OINEPaTOPOB
OecnmioTHBIX  JietaTenbHbix  ammapatoB  (BJIA), koropas TpeOyer
obecrieueHns y KypcaHTa HaBBIKOB YIPaBJIEHHUsI CPAaBHUMBIX MO CBOEH
CJIO)KHOCTH C HaBBIKaMH NMUJIOTUPOBAHUSI caMoJieTa. ITo TpeOyeT Cepbe3HOro
MpodeCCHOHANTBHOTO 0TOO0pa, KOTOPHIH Hed(pdEKTHBEH B CHIIy OTCYTCTBHS
HEOOXOMMOr0 4Ynciia mpeTeHneHToB. [Ipobiema ycrmoxHAETCS W TeM, YTO
ornepaTopsl BJIA mMeloT orpaHWYeHHBIH 1O CPaBHEHHIO C JIETYHKOM HaOOp
OOpaTHBIX CBsA3€il O MOBEICHWM YINPABISIEMOrO armapara, 4TO ITOBBIIIAET
TpeOOBaHUS K 3PUTEIBHON M CEHCOMOTOPHOHN KoopauHauuu. [lo Hacrosmee
BpeMs1 HESACHO MOJKHO JIM IIepeydyuBaTh JETUYUKOB Ha ynpasiieHue BJIA, Tak
KaK CTPYKTypa HAaBBIKOB y NMJIOTOB Jpyras, HEXenu TpeOyerca Ui
onepatopa bJIA.

Hcnonp3oBanue TpeHakepoB Juisi o0ydeHust oneparopoB BJIA sBisiercs
3¢ (GEeKTUBHBIM CPEICTBOM IMOATOTOBKH, HO IOKAa HET PEIICHHs MPOOIeMBI
oOyuenust ympasienuto BJIA mnpu OokoBom Berpe. CucTemMa He Haer
00OpaTHOW CBsI3W O BIMSIHWU AaHHOTO (hakTopa Ha ynpasiieHue. He pemena
3ajaya oOecIeueHnsl JUIMTENbHBIX II0JIETOB, M CMEHBI O0O0CITY>KHBAIOLIETO
9KHUIaXa B MOJIETE.

Ocobyro mpobiemy cocraBnsier ynpasineHne bJIA ¢  TOABMKHBIX
TPaHCIIOPTHBIX HOCHTENeH (Kopabiei, aBTOMOOMIIEeH, XeJIe3HOIOPOKHOTO
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TPaHCIIOpPTa), B KOTOPHIX JeWCTBHE (DAaKTOPOB [BIDKEHUS MOJIYJIHPYET
JeHCTBUSA OllepaTopa U BHOCUT OIIMOKH B yIIpaBJICHHE.

OCHOBHBIE NPOOJIEMBI, pelIacMble C IIOMOIIBI0 TPEHAKEPOB OINEPATOPOB
BJIA:

. 0TpabOTKa TUTIOBBIX 33/1a4 U CUTyalui MPUMEHECHUS,

° (hopMHUpOBaHUE HABBIKOB yIIpaBICHUS cucTeMaMu BJIA;

. (dopMHUpOBaHE HABBHIKOB B3aUMOJICHCTBHS C YYaCTHHKAMH TeaTpa
BOCHHEIX JICHCTBHIL;

. moep KaHue HAaBBIKOB yIpaBJIeHUSA u HCIIOJIb30BaHUS

obopynosanus BJIA mocie ITNTETHBIX IEPEPHIBOB.
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3. Cexuns «PakeTHbIe 1 KOCMUYECKHE CHCTEMbD»

IIpuMeHeHNe MeTOJAa UMUTALMM NOBeIeHUs DaKkTepuii K 3a7aye MOUCKa
ONTUMAJILHOIO YIPABJIEHUS IMCKPETHHIMH 1eTePMUHUPOBAHHBIMH
cucTeMaMu
Anémmnaa E.A.

MAMU, r. MockBa

MeTon UMHATAINH TIOBEACHUS OaKTepHil, IPEATIOKECHHBIN B [1], oTHOCHTCS
K METOJaM «pOEBOTO HMHTEIUIEKTa»: IIONCK ONTHMyMa OCYIIECTBIISETCS
MHO>KECTBOM areHTOB (YacTHI), a 3aTeM HH(opMarusa, coOpaHHAas WMH,
arperupyercs, U 3TO AaeT OPUEHTUPSI IS TOUCKA Ha CIIEAYIOIel nTepanum.

OCHOBHBIE IPUHIUITEI METO/Ia UMHUTAIMU TTOBEJCHUS OaKTEpHIi:

MIOUCK PEIIeHHUS TPOU3BOAUTCS KOJIOHHEH OakTepuil (4acTHIL);

KaXkJ1asl 4acTUIIa CTPEMUTCS IONAcTh B O0JIACTH, TI€ 3HAUEHHE KPUTEPUsI
Jydie, ¥ n30exarh o0acTell ¢ XyIIINMH 3HAUSHUSIME KPUTEPUS;

HarpaBJIeHHE TTONCKa BRIOMPAETCs BEPOITHOCTHBIM 00pa3oMm;

YacTUIBl  B3aMMOJEHCTBYIOT JOpyr C JpyroM, MPHUTATHBAasICh U
OTTaJIKUBASCE;

4acTh OaKTepuil, KOTOPHIM COOTBETCTBYIOT XYAILIME 3HAYECHUS] KPUTEpPHS,
HaYMHAET MOWCK 3aHOBO M3 CIyYaiHOM TOYKH IPOCTPAHCTBA MOWCKA WIH U3
TOYKH C HAWTYUIINM 3HAUYCHNEM KPUTEPHSL.

JUi mpuMeHeHMsT MeTOJa WMWTAlMM MOBeACHHWsA OakTepuil K 3aj1ade
MIOVCKa ONTHMAIBHOTO YIPABICHUS AWCKPETHBIMU IETCPMHHHUPOBAHHBIMU
cucreMamM [2] ONTUMM3HPOBAJICS BEKTOp YIpaBJIEHHs, B KayecTBe
MHHUMH3UpYyeMOi (yHKIMM ObUT BBIOpaH KPHUTEPHH OLIEHKH KauecTBa
ynpaBieHus. Jis HaxOoXKIEHWs 3HAUEHUS KpUTEpUS 110 YpPaBHEHHIO
COCTOSIHUSL CHUCTEMBI MEPEeCUUTHIBAJICS BEKTOP COCTOSIHHSA, M TMOIy4E€HHOE
3HaYeHHE BMECTE C BEKTOPOM YINPaBJICHUs NTOACTABISIOCH B KPUTEPHIL.

Ha ocHoBe anroputma MeToJa MMHTAIWU IMOBEIAECHUsS OAKTEpUil CO3JaHO
MPOTPaMMHOE  CPEICTBO Ul pEHIeHWS  IIOCTaBJICHHOH  3ajad.
[Monmp30BaTenbCcKwil HHTEPQEIC TPOTPaMMBI aHAIOTHYEH OMIICAHHOMY B [3].

Pemenre TECTOBBIX TPUMEPOB IOKA3bIBAET, YTO IS ITONYYIEHHS
MPUEMIIEMBIX C TOYKH 3pEHUs NPAKTUKH pE3YyNbTaToB HEOOXOANMO
HCCIIEI0BATh Pa3NIHbIE MOIU(PHUKAIIMH METO/IA, B TOM YHCIIE YUUTHIBAIOLIIHE
KOHIICTIIINIO METO/Ia YaCTHII B CTae, PACCMOTPEHHOTO B [3].

Jlureparypa:

1. Y. Liu and K. M. Passino, «Biomimicry of Social Foraging Bacteria for
Distributed Optimization: Models, Principles, and Emergent Behaviorsy,
Journal of Optimization Theory and Applications, 2002.

2. IlanteneeB A.B., boprakosckuit A.C. Teopus ynpaBneHus B mpuMepax
M 3amadax. — M.: Beicm. mik., 2003.
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3. IlanTteneeB A.B., Anémmna E.A. [IpuMeHeHrne MeTo1a YacTHUIl B CTae K
3ajjaye  ONTHMHU3ALMU  JHMCKPETHBIX  JIETEPMUHHUPOBAHHBIX  CHCTEM
ynpaeieHus. CrTaThss B MEXBY30BCKOM COOpHHKE HAy4YHBIX TPYJOB
«TeopeTnyeckne BONPOCHI BBIYHUCIUTEIBHOW TEXHUKM M MPOTPAMMHOTO
obecreuenus». — M.: MUPDA, 2010.

BansiHue HEeKOHIEHCHPYHIINXCS Ta30B Ha MPOIECC TEIIOMACCO0OMEHA B
IEHTPOOEKHOM TUCTHILIATOPE CHCTEMBI PereHepanun BoAbl U3 YPHHBI
bo6e JI.C., PakoB B.B., Apakuees JI.B., Kanaes [1.A.
HWHWxumMmari, r. MockBa

[Iporiecc u3Bne4YeHHs BOABI M3 YpUHBI OCHOBAaH Ha METOJE BaKyyMHOM
JUCTWUISAIMM B I[EHTPOOEKHOM  MHOTOCTYNIEHYaTOM  BaKyyMHOM
muctwstope  (IMBJI). B IIMBJl  aucTwuisiiust  OCYIIECTBIISETCS
CTYNEHYaTO, NpH 3TOM TEIUI0O KOHACHCAIMM Mapa HCIOoJb3yeTcs s
HCIapeHMsl JKUAKOCTH B clefywoomeid crymneHu. Pacxox »Heprum Ha
JUCTUIIISALIIO CHIDKAeTCsd  MPONOPLUOHAIBHO 4yhCIy  CTymeHel
muctiuiTopa. [logBox Terna aist ucrapeHHus B MEPBOM CTYNEHH M OTBOJ
TeIIa OT MOCJIEAHEH CTYNEHH OCYIIECTBISIFOTCS TEPMOIEKTPHIECKIM
TEIJIOBBIM HAacOCOM M JOTOJNHHUTENBHBIM OXJIaJUTeNeM. 3a CU4ET Pa3HOCTH
TeMIIepaTyp co3aéTcs Mepenaj qaBiIeHus, KOTOpPOe CHUKAETCsl OT CTYIICHH K
crynmeHu. PasHocte  Temmeparyp — ompexenserca ko3¢ dHIHMeHTaMH
TEIIOOTAAYH MPU HCTIAPEHWN M KOHAEHCAILMH KUIKOCTH Ha Bpallaromeics
MOBEPXHOCTH, TEIUIOMACCOOOMEHOM B Iapora3oBOM IMOIPAaHUYHOM CIIO€ CO
CTOPOHBl HCHApeHHss M KOHJCHCAIM, TeIulonepenadyeil dYepe3 CTEHKY
TEIJIO0OMEHHOTO YCTPOHCTBA M TEMIIEpaTypHOH Jenpeccuei, onpeaensieMon
POCTOM KOHIIEHTpAIMU COJIel B ypUHE NpH UcTapeHun Boabl. [Ipu Gonbiom
COZIEp)KaHWHU ra3a TEIUIOBOE COIPOTHBIIEHHE B MaporasoBoil Qaze MOXKeT
OBITH BecbMa 3HAUUTEIIbHBIM.

B nokmage mnpuBOAATCS pe3ynbTaThl  PacYETHO-IKCIIEPUMEHTAIBHOTO
aHaIM3a  BIMSIHUS  COJCP)KaHMS  HEKOHICHCHPYIOIIMXCS  Ta30B  Ha
KO3 PHUIHUEHTHI TEIJI0- M MaccoOOMeHa, pa3HOCTh TEMIIEPATyp U JaBICHUH U
MIPOU3BOANTEIBHOCTh TUCTHILUIATOPA. [laHHBIE Ui aHAIN3a OBUIN MOIYYEHBI
B OKCIIEPUMEHTAX, IPOBEJECHHBIX IIPH OCTATOYHOM JIaBJICHUU B JUCTHIUIATOPE
or 400 mo 800 MM BO. CT., Temmeparype xiamareHta ot 14 mo 25°C,
ra3ocoepKaHud B UCXOAHOU xkuakoctu oT 0,024 r/m x g0 0,13 r/m x u npu
grcie 000pOTOB poTopa AucTHILIATOpa paBHOM 1200 06/mMuH. [Ipu aHanmmze
HCTIIOTB30BAJIICH COOTHOMIEHHS AU()(HYy3HOHHO-KOHBEKTHBHOTO TEIIOOOMEeHa
U MaccooOMEHa, OCHOBAaHHbIE HAa PACIIMPEHHON AaHAJOTHH MEXAY 3THUMHU
mponeccaMu. Pe3ynpTaTel pacdéToB COBHANIM C  OKCIEPUMEHTAIBHBIMU
JaHHBIMU ¥ TOATBEPAUIIN MPABUIBHOCTD IPUHSITHIX B CUCTEME pereHepariu
TEXHUYECKHUX peIICHUH, HampaBiICHHBIX HAa MHUHUMM3ALHIO COJIEp>KaHUA
HEKOHJICHCHPYIOIIHUXCS T'a30B.
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Oco0eHHOCTH TeCTHPOBAHNS MUKPOCOOPOK aNNmapaTyphl Iy THUKOBOI
HABHT AU
Bonpapeiiko E.A.
MAMW, r. MockBa

CriyTHUKOBasi HaBUTAIMs — OBICTPO Ppa3BHBAIOIIASCS BETBb HAaBHIALUH
MOJBIDKHBIX 00bekToB. OHa sBWIACh OJHOM M3 TEpBBIX oOiacTel
MIPUKJIAJHOM KOCMOHABTHKH, OPHEHTUPOBAHHON Ha  YIOBIETBOPEHHE
MOTpeOHOCTEeH IPaKTHIECKOH AEATETHHOCTH YET0BeKa.

XapakTepHOH OCOOEHHOCTBIO ammapaTypbl CIYTHHKOBOH HaBUTalH
SIBIISIETCSl TIPEIBbABICHHE K HEH 4Ype3BBIUYAHHO BBHICOKMX TpPEOOBAaHUH ITO
HaJeKHOCTH W  O€30TKAa3HOCTH, 10  HEYKIOHHOMY  IIOBBIIICHHIO
(YHKIIMOHAJIBHOCTH 3JIEMEHTHON 0a3bl B COYETAHHH CO CHI)KEHHEM MacChl U
rabapuroB. IlosBusgercs HEOOXOIUMOCTh pPa3pabOTKH MHKpPOCOOPOK -
CJIOXKHBIX (I)yHKI_[I/IOHaJ'[BHO 3aKOHYCHHBIX PI3}:[CHPII>II B KOpItyCax, 4TO IMO3BOJIUT
CYIIECTBEHHO CHH3HUTh MacCy M TabapuThl almaparyphl.

MHUKpOCOOpKH  XapaKTepU3ylTCsi  OONBIIMM  YHCIOM  3JEMEHTOB
KOHCTpPYKIIHH, rapameTpoB u KpPHUTEpPHUEB. Jns HaJIe)KHOTO
(YHKIIMOHMPOBAHHUS 3JIEKTPOHHOTO YCTPOHCTBA M OOECIEUCHHSI BBICOKOTO
MPOLIEHTa BBIXOAA TOIHBIX M3JENUI, BCE €ro KOMIIOHEHTHI JOJDKHBI
MIOJTHOCTBIO BBITIONHATH CBOW cCrenu(uYHbIe (YHKIMHA M KaXnas W3 HUX
JOIDKHA OBITH MOATBEpKAeHA. TpaluIMOHHBIE METOIWKH M 000pyIOBaHHE
JUISL TECTUPOBAHUS TEYATHBIX IUIAT TPYJHO aIalTHPOBaTh K MHKPOCOOpPKaM.
TectupoBaHre MHUKPOCOOPOK IO CPaBHEHHIO C TECTUPOBAHHEM II€YaTHBIX
IUTaT UMEET CIENYIOIINE OCOOCHHOCTH:

1. Tlomnoxxkn MHUKPOCOOPOK 4YacTO HMMEIOT Tropas3io 0oJiee BBICOKYIO
TUIOTHOCTh Pa3MEIleHHsT DJIEMEHTOB, CUCTEMa MOXET COAEPIKATh JECSITKU
KPpUCTAJIZIOB U MOXET HMMCETb COTHU TBICAY BHYTPEHHUX Y3JIOB, KpaﬁHe
CJIOYKHO TOJYYUTh JIOCTYN KO BCEM BHYTPEHHHM Yy3JIaM IPU TECTUPOBAHHU
MHKPOCOOPOK.

2. Ilpomecc TecTHpOBaHMS MJOJDKEH IPOBOJUTHCS HA KaKAOM JTare
W3TOTOBJICHUS MHKPOCOOPOK: MPOM3BOJACTBO KPHCTAJUIOB, H3TOTOBJICHHE
TIOJUTOKEK, cOOpKa M3IENHs, TaK Kak JI0ObIe HEHCIPaBHOCTH KOMIIOHEHTOB
MOTYT ITPUBECTH K HEHCIIPABHBIM MHKPOCOOpPKaM.

3. TectupoBanue MHKPOCOOPOK TpeOyer HCTIONB30BaHUS
CTELUATU3UPOBAHHOTO  KOHTPOJIBHO-U3MEPUTENBHOTO  O0OpyNOBaHUS U
OCHACTKH.

Jlyist ipoBeieHNs TECTUPOBAHMST MUKPOCOOPOK BO3MOKHO HCIOJIb30BaHHE
creina  QyHkumonameHoro  konrponsi  Teradyne FLEX.  Jlannoe
000py/IOBaHUE YIOBIETBOPSIET TPEOOBAHUSIM 0 TECTUPOBAHUIO YCTPOMCTB
oT 00bIYHON IH(POBOIT JOTHKK 10 ciokHeHmmX coBpeMeHHBIX CBUC.
ABTOMAaTH3alMIO TIpollecca TECTHPOBaHUS W pa3OpPaKOBKH IO IHAIa30HY
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pabounx Temiieparyp OOECIEeYMBAaeT COPTHPOBIIMK MHKPOCXEM THIA
CASTLE.

Ho opaxe mnpu uWCHONB30BaHMM JaHHOTO OOOpPYIOBaHHS  IPOIECC
WCTIBITAaHUH  W3/eNUH  BOCHHOW TEXHWKH SIBIISIETCA JUIMTENBHBIM U
JIOPOTOCTOSIIINM, OJHAKO TIPAKTUYECKH JIIOOble 3aTpaTbl Ha IIPOBEACHHE
WACIBITAaHUKA OyIyT Maibl MO CPAaBHEHHIO C OOIIEH CTOMMOCTBIO 3aITycKa
KOCMHYECKOTO Kopabns. Bech ycmex KOMHYECKOH MHCCHH, B KOHEYHOM
cdueTe, ompeneNsieTcss 0e30TKa3HOCTHIO pabOTHI anmapaTyphl.

CoBpeMeHHBII OIX0/1 K pellleHUI0 NMPodJieM, BO3HUKAIOLIMX B Npouecce
00padoTKHU U aHATU3A TeJleMeTPUYecKoil nHGopMaLHuH, N0JTyYeHHOH
NPU NPOBeeHNU HA3eMHBIX UCTIBITAHUN MUJIOTHPYEMbIX KOCMHYEeCKHX
annapartos
BoeBogun A.A.

PKK «3Oneprus», r. Kopones.

B mporecce mpousBoncTBa kocMuueckux ammapatoB (KA) mpoBomutcs
00JIBIIIOE KOTUYECTBO PA3IIMYHBIX IO CJIOKHOCTH UCTIBITAHUH.

Baxnelimeil cocTaBHOM YacThlO Mpoliecca Ha3eMHbIX ucnblTanuid KA
SBIIETCST  00paboOTKa pPe3yNbTaTOB WM3MEPCHHH IUIA  MTONTBEPIKICHUS
TpedyeMbix xapakTepuctuk KA. Hanboee 3Ha4MMBIMI TAHHBIMH O CTOSTHIH
KA mpm Ha3zeMHBIX HCIBITAaHHUSX SBISETCS TelIeMeTpudeckas HH()OpMAaIHs
(Tenemetpus).

IMpouecc o6paboTku W aHanu3a (OUEHKH) TEJIEMETPHH IPU HA3eMHBIX
HUCIIBITAHUAX KA, HpI/IMeHHeMBIﬁ B HACTOAUICC BpEMs, MMECT HCKOTOPLIC
ciabble MecTa: (QWIBTPALUS TOCTOBEPHON MH(MOPMAIIMK, BOSMOXKHBI CITydJaH,
KOTZa JOCTOBEpHAs WHQPOpPMAIUS MOXKET OBITh NPUHATA 3a JIOKHYIO
nHQOpMANMI0O ¥  HAoOOpOT; HENPHUCIIOCOONICHHOCTh  TaOJIMYHBIX U
rpad)M4ecKuX CPEICTB IUIsl CPABHEHUS IOyYEHHBIX PE3YyIbTaTOB, IS 3TOTO
TpeOyeTcss MOBTOPHO 00padaTHIBATh OTYYCHHYIO HH()OPMAIIHIO; OTCYTCTBHE
CPEICTB CTATUCTHIECCKOTO aHaM3a WH(OpMAINY, HAKATUTHBAIOIIEHCS B X0/
WCIBITAHAN; HEPA3BUTOCTh aJITOPUTMOB IIPUHSITHS PEIICHUH.

Peanmzamust coBpeMEeHHBIX METOIOB OLIEHKH COCTOSTHISI KA Bo3MoKHa mpu
IIMPOKOM HCIIONIb30BAaHAHM METOJOJOTHH TPHHATHS pEIIeHHH Ha OCHOBE
(hakTOB, a HE TOJBKO Ha 0a3e CYOBEKTHBHBIX B3IISIOB CIEHHAIUCTOB, YTO
npejarnojaraeT BHEOPEHHE CTATHCTHUECKMX METOJOB  aHajiu3a IIpu
HUCIIBITAHUAX.

BcenenctBue  OONMBIION — CTOMMOCTH,  BPEMEHH  NPOBCICHHUS |
OTPaHUYECHHOCTH WCIBITAHUH, HE ymaeTcs coOpaTh HEOOXOMUMBIN ISt
KIIACCHYECKMX  CTATUCTUYCCKMX  METOJOB  OICHHBAHUS  OJHOPOIHBIN
CTaTUCTHYECKUI MaTepHall.

[MosToMy mIsi TOMydeHHWS WCCIEAYEMBIX XapaKTePUCTHK HEO0OXOAUMO
WCIONBh30BaTh HAKOIUICHHYI0 K MOMCHTY TIPOBEICHHS  HCIIBITAaHUHA
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UHPOPMALIMIO, B TOM YHCIC TCOPETUYECKHE HCCIICAOBAHMS W PacyeThl,
JMAHHbIC  HWCIBITAHUH  CHCTEM-aHAJIOTOB,  (DOPMAJM30BAHHBIA  OIBIT
CIIEI[UAJIMCTOB | T.J.

Bce BMecTe S3TO TIpECTaBNISET JOCTATOYHO CEPhE3HYH MpoOJeMy,
pelieHre KOTOpPOW JOJDKHO TO3BOJHTH COKPAaTHTh BpeMs Ha TIOUCK U
MIPUHATHE PEIICHUS MO0 YCTPAaHCHHWIO BO3HUKIINX IMPOOJIEM MpPU Ha3eMHBIX
ucnpiTannax KA, a Takke TOBBIICHAE HANGKHOCTH CHCTEM U arperatoB KA
IMyTeM BBIABICHUSA HamOoJee Cla0bIX MecT (TMOTCHIHABHO —OIACHBIX
YYacCTKOB, C TOUKH 3PEHUS HAJIS)KHOCTH).

Orcroma BBITEKaeT HEOOXOAMMOCTh B TPHMEHEHHH HOBOTO MOJXO0Ja,
MTOCTPOEHHOTO Ha TAaKOH MOJENH, KOTOpast ObLta OBl yI00HA TSI HAXO0XKICHHS
nyTell pelieHus BO3HMKIIUX MPOOJIIEM B MPOIECCE HCIBITAHHS CIIOKHOU
TexHuyeckoil ammapatypsl KA. I1omoOHBIM YCIOBUSM  YAOBJIETBOPSET
KOHIIENTYaIbHasi MOJIENb MPUMEHEHHSI AITOPUTMA CTATUCTHUECKOTO aHaJH3a,
MO3BOJIAIONIAS MO Pe3yJbTaTaM O0pPaOOTKU TEICMETPHU MOJYYCHHOW IpH
HA3eMHBIX HCIBITAaHUAX CPOPMUPOBATH OAHK JAHHBIX 10 BCEM MapaMeTpam,
CTaTUCTHKY WX pPa0OTBI, C BO3MOXKHOCTBHIO BBISBICHUS KOPPEISAIIMOHHBIX
CBsI3€H, HAa BCEM dTall¢ UCIIBITAHUH 10 BceM JaabHermmM KA.

IIpensio:xkenns Mo pacliMpeHn o NPOrpaMMel ucciieroBanus Benepsi ¢
Y4€TOM ONbITa NPoeKTHBIX pazpadorok HIIO um. C.A. Jlapouknna
Boponnos B.A., KpaitHoB A.M., MapteiHoB M.b., [Tnuxanze K.M.,
Xaptos B.B.

HIIO um. C.A. JlaBoukuHa, T. XUMKH

B nacrosimee Bpems B @enepansuyto Kocmudeckyto IIporpammy Poccun
BKJIFOUEH OJMH NpoeKT «Benepa-/[» mo co3maHuo KOCMHMYECKOro ammapaTa
qna  uccnenoBaHuss Benepel. bBykBa  «Jl» o03HauaeT - AIMTENbHBIE
WccleioBaHusd. B pe3ynbprare TpOBENCHHS HAYYHO-HCCIIEIOBATEIECKUX
paboT B mpenpIayIIre ABa roga ObUT OMpeaelieH KOMIUIEKC HAYIHBIX 3a/1a4 U
c(hOpMHIPOBaH MPOCKTHEIN 00IHK KOCMHYECKOTO amrapara.

B ero cocraB mpemmomaraercs BKIIOYNTH OJWH-IBA OPOWUTATBHBIX
ammapaTta W CITyCKaeMbI ammapar, B COCTaB KOTOPOTO B CBOIO OdYepenb
BXOJAT TOCAIOYHBIN ammapaT M OIMH-ABAa aTMOC(EpHBIX 30HAa. DTO MOTYT
OBITh a3pPOCTAaTHBIC 30H[bl, AHAJIOTMYHBIE TEM, YTO OBUIM CO3JIAHbBI JUIs
npoekra «Bera», wiM 30HABI - BETPOJIETHl THUNA «BO3AYLIHBIA 3MEW»,
UCTIONB3YIOIIME sl TolieTa B arMocdepe rpaiaueHT Berpa. llpoexTHas
JUTUTENBHOCTh (DYHKIIMOHUPOBAHUS OPOUTAIBHBIX amlapaToB COCTABISET
JIBa-TPH T0J1a, TOCA0YHOTO armapara JIBa-TpH Jaca, a aTMOC(hEepHBIX 30H0B
- Oompmie Hemenw. /[l adpocTaTHBIX 30HAOB 3TO TpeneN, KOTOPBIH
OTIpeNeNIIeTCs. B OCHOBHOM yTE€UKaMH TOJBEMHOTO Taza. A BOT Y 30HIOB -
BETPOJICTOB Takoi mpoOmembl HeT. OIHAKO, 3TO HOBOE TEXHHUYECKOE
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cpenctB0O M TpeOyeTcs  OKCIEPUMEHTAIbHOE  IIOATBEPXKICHHE  €ro
PpaboTOCIIOCOOHOCTH, UTO SBJIAETCS MIPEAMETOM OTACIBHOTO HCCIEeJOBAHUA.

Eme onHuM 3TamoM AMUTENBHBIX U AETAJBHBIX HCCIEJOBAHUI IJIaHETH
Benepa MoxeT cTaTh CO3JaHME CETH HUCCIEAOBATENbCKUX CTaHLIUN Ha
TIOBEPXHOCTH U CO3/1aHKe «(IOTHINI» aTMOC(EpHBIX 30H10B. COBMECTHO ¢
(UHCKIMHA crienuanrcTaMu CO37IaH MIPOTOTUI MapCHaHCKOH
METEOPOJIOTHYECKOH MHWHHM CTAQHIMH C HCIOJBb30BAaHWEM TEXHOJIOTHH
HaJyBHBIX TOPMO3HBIX YCTPOMCTB AJIsI ciycka B armocgepe. Hccnemyercs
BO3MO)KHOCTh IPUMEHEHHS AaHAJIOTHMYHBIX TEXHWYECKUX CPEICTB U Ul
n3yueHus: Benepel. ®paHily3ckas CTOpOHa paccMaTpHBaia BO3MOKHOCTB
CO3JaHUSI OCHWIIMPYIOIIETO a3pOCTaTHOTO 30HIAa, KOTOPBIH MOr OBl
npeiipoBare B 00IAYHOM CJIO€ IUIAHETHI, MEPHOMUYECKH MEHSS BBICOTY
npeiida. s 910l ke e MOXKeT ObITh UCIIOJIb30BaH U aTMOC(HEPHBIA 30H
- BETpOJIET.

PaccMoTpeHBl  pa3nuuHBIE  BapUaHTHl  peANU3allMd  JKCIEAULIHUU C
HCHOJB30BAHUEM  PA3IMYHBIX  TEXHUUYECKHMX  CPEACTB  KOHTAKTHBIX
HCCIIe0BaHNM, koTopble co3naBanuck panee B HITIO umenu C.A. JlaBoukuHa.
WHTepecHo paccMOTpeTh BO3MOXKHOCTH ITPUMEHEHHSI, HAIPUMEp, YCTPOUCTBA
THIIA TIEHETPATOP, ISl BHEAPEHHS B TPYHT U OIIPEAEIeHHUs ero cocrasa. s
obecrieueHns] BOSMOXXHOCTH ITONCKa OOBEKTOB HCCIIEIOBAHUS B PA3IMUHBIX
OTHAJEHHBIX TOYKAaX MOBEPXHOCTH IIOCAJOYHBIM ammapaT IOIKEH YMEThb
nepememiatbea. CHopMUPOBaHBI CXxeMa pa3BOPAYMBAHKS HA TOBEPXHOCTH U
NPUHIMI JeHCTBHA TaKoro MOOWJIBHOTO ammapara Ha OCHOBE KOJIECHOTO
asrxuTensd. OZHAKO OCTPO CTOMT BOIPOC C JUIUTENBHOCTBIO CPOKA CITY)KOBI
CTaHIIMW Ha MOBEPXHOCTH IUIAHETHI M3-32a MPOOJIEM, CBSI3aHHBIX C CO3[aHUEM
BBICOKOTEMIIEPATypHOIl  AJIEKTpOHUKH. PaboTel B 3TOM HampaBIeHHH
MIPOJOJIKAOTCS.

Pecypcocoeperaioniye TeXHOJOTHH € HCMOJIb30BAHHEM KOCMHYECKHX
CPEICTB /IS 7KeJIE3HOI0OPOKHOTO MYTH, B TOM YHCJIe /Il YCIOBHit
Cuonpu u Kpaiinero Cesepa
Tl'unemytaunoBa E.A., bapanos C.U.

L CKB-IIporpecc, r. Camapa

Crparerueif pasBUTHSA >KEJIE3HOJOPOKHOTO TpaHcmopTa Poccuiickoif
Deneparuu 10 2030 roga npeaycMOTPEHbI pa3paboTka ¥ BHEIAPSHUE CUCTEM
JTUHAMHAYECKOrO MOHHUTOPHHTIA COCTOSHUSA HHQPACTPYKTYPHI ¢
WCIIOJIb30BAHUEM CITyTHHUKOBBIX TEXHOJIOTMH M KOCMHYECKHX allaparos,
CTPOUTENBCTBO HOBBIX JKENIE3HOJOPOKHBIX Marucrpaieil MpoTsHKEHHOCTHIO
okono 20 Teicsy KM B T.4. B padionax CubOupu u Kpaiinero CeBepa Gonee
30%.

Yke cerofHs KOCMUYeCKHAE TEXHOJOTHH HCIONB3YIOTCS IS KOHTPOIS U
opraHu3anii  pabOThl BOCCTAaHOBHTENBHBIX TI0€3I[0B, TPH IIPOU3BOICTBE
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PEMOHTHBIX MyTEeBBIX paboT. B Hacrosiiee Bpemsi pakeTHO-KOCMHYECKOI
IPOMBIIIJICHHOCTBIO  CO3JAIOTCSI  OTeYecTBeHHBIe cuctembl JI33, He
ycTymaroIye 3apy0eKHbIM aHaJIoraM.

CucremMa  MOHUTOpPHHTA  YKEJIE3HOJOPOXKHOTO  OECCTHIKOBOTO — IMYTH
NpegHa3sHaueHa JJIs:

- MOHUTOPHHTA COCTOSIHUS 3€MJISTHOTO TI0JIOTHA;

- (ukcupoBaHua (HAKTHUECKOTO MECTOIOJIOXKEHHS KOOPAMHAT KPHUBBIX
(magamo mepexomnoit kpuBoit — HIIK, Bepmmua kpyrosoit kpuBoit — BKK,
koHerl mepexogHoi KpuBoi — KITK) oTHOCHTENbHO MX MPOEKTHBIX OTMETOK C
BBICOKOH TOYHOCTBIO;

-BBUIBIICHUSI M OIIPEAEICHUSI MECTOIOJIOKECHHUS, a TAaKXKE XapaKTEPUCTUK
OMOJI3HEH, OOBaJOB, Celei, MPOCamoK, KapcTOB, YYacTKOB 3PO3UH,
HOJTOIUICHUS U T.11.;

- MOHMTOpPHHIa TEPPUTOPUU CTPOUTENIBCTBA HOBBIX XKEJE3HBIX JOPOT B
ycnoBusix Kpaiinero Cesepa n Cubupm.

Pa3zpaboTansl TexHHYeckoe oOecrieueHHe W CHUCTEMBl  YIPaBIECHUS
KOCMHUYECKUM KOMILIEKCOM.

CoBpeMEHHBIE METOABI pacueTa HAChlled Ha YCTOHYMBOCTB JArOT
BO3MOXKHOCTh CO3JaTh 3€MJISTHOE TIIOJIOTHO C MAaKCHMaJIbHBIM CPOKOM
cirykObpl. MeTopl MccnenoBaHus MOJNOTHA C MCHONB30BaHUuEeM cpenct /133
MO3BOJISIIOT OOHApPYXWUTh Je(GopManuy M NPENOTBPATHTH HX, YTO OUYCHb
BayKHO U1 oOecIieueHnst 0€30ITaCHOCTH IBMKEHHUS ITOE3I0B.

Brenpenue KIIacTEPHOM TEXHOJOTMM M COBPEMEHHOM KOCMMYECKOH
TEXHUKU 00eCIIeYnBaeT:

- IPeIOTBPAIICHUE CX0J1a ONOI3HEH;

- TIOBBILIEHHE 3KCIUTyaTallMOHHOHM CTOMKOCTH OeccThIkoBOro myTH B 1,3-
1,4 pa3za;

- obecrieueHre 6e30ITacHOI ePEeBO3KH MACCaKUPOB U TPY30B, B TOM YHCIIE
B OKCTpeMallbHBIX ycnoBusx Kpaiinero Cesepa.

Bbi16op nHTEepBaia BpeMeHH 0JI0KMPOBKH ABAPUITHOI0 BBIKJIIOYEHHUS
JABHTAaTeJs HA HAYAJbHOM yYYacTKe M0JIeTa MepBoii CTyNeHH PaKeThl-
HOCHTeJIsI
I'magkuit 3.1, [epauk B.H.

Kb «lOxHoey, 1. JlHenponeTpoBckK, YKparnHa

B cnyuae aBapum PH Ha HauanbHOM ydacTKe IOJIE€Ta IEPBOW CTYIIEHU
CYIIECTBYET BBICOKas BEPOSTHOCTh MOPAXKEHUS OOBEKTOB HA3eMHOTO
rkomiuiekca (HK) KPK, cpenu koTopbIX HauOoJbLIEMY PHCKY ITOJBEpraeTcs
craproBeiii  kommiekc (CK). Kpome Toro, BO3MOXHO TOpakeHHE
HECBSI3aHHBIX C KOCMHYECKHMH IpOTpaMMaMH HAceleHHs M OOBEKTOB,
KOTOpBIE MOTYT HaXOAUTHCS BOIN3M KOCMO/IpOMA.
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Jlns yMeHbIIeHUs 30HBI BO3MOXKHOTO MajieHns aBapuitHeix PH Ha ee 6opty
npeaycMaTpuBaeTcs — CHelUajbHas  CHCTeMa  IpeKpalleHHs  IIoJIeTa,
obecrieunBaronias aBapuiiHoe BbIKIIoueHne jsurarens (ABJI) mocie
JIOCTIDKEHHUSI KOHTPOJIMPYEMBIMU Napamerpamu JBuxkeHuss PH mpenensHO
JONTyCTUMBIX ~ 3HAUEHHH. VYMEHbIICHHE 30Hbl BO3MOXKHOIO IaJCHUA
aBapuitueix PH  BcmenmctBme — memoms3oBanms  ABJ] cmocoGcTByer
JOTIOJTHUTENBHOMY yBeIUYeHHIO pucka nopaxenus CK. YuuteBas 310, 14
noBbiieHNss coxpaHHocth CK Ha HaJanpHOM ydacTke HOJE€Ta IEepBOU
CTYIIeHH TpemycMmarpuBaercs OmokmpoBka ABJl B mpemernax HEKOTOPOTO
WHTEpBaTa BpeMeHH. bIOKHpOBKa B cCilyyae (HKCAllMd aBapHUHHOTO
MPU3HAKa, CBSI3aHHOrO ¢ notepei ycronuuBoctu PH, mo3Bossier 3anmepxath
ABJI 1 naet Bo3MoxxHOCTh aBapuiinoil PH nanpmie ynanutbes ot CK.

CchopmynupoBaHa ONTHMHU3AIMOHHAS 3a7a4a BHIOOpa WHTEpBaia BPEMEHH
omokupoBku ABJI a1 HavanmsHOTO yuactka mosieta PH. B ee ocHoBe nexut
cHIDKeHHe pucka mopaxeHus CK 3a cuer pacummpeHust 30HBI BO3MOKHOTO
nageHus aBapuilHeix PH, xoTopoe orpannumBaercs AOMYCTHMBIM YPOBHEM
pucka mopaxenus: oobekToB HK 1 HEKOTOpBIMH NpenenbHBIMU pa3MepamMu
OIIACHOM 30HBI IS JIIOAEH.

[Mpennoxena MaTeMaTHdeckass MOJENb OLEHKH PHCKA I OOBEKTOB B
OKOJIOCTapTOBOM 30HE, KOTOpas MO3BOJIAET YYeCThb Pa3IMYHBIL XapakTep
BO3HHKAlOmMMXx Ha Oopry PH HemrTaTHRIX cHTyannii W BpPEeMEHHYIO
omokmpoBky ABJI. XapakTepHBIM OTIMYHEM MpeylaraeéMOd  MOJENH
ABNIIETCA y4yeT HEOAHOBPEMEHHOCTH coObITHH oTkaza PH u aBapum
(TIpexpalieHys ITAaTHOTO Ipoliecca BhIBEIEHH) Ui HEIITaTHBIX CUTYaIlHil,
CBA3aHHBIX C TIOTEPEH YCTOMYMBOCTH. BbIIaH psiIx  IpakTHYECKUX
peKOMeHJauui B 4YaCTH HCIHOJb30BAHUS METOAUKU OLEHKU PUCKOB
nopaxkenus: oo0bexktoB HK u mmozeit npu BeiOope Bpemenn 0sokupoBku ABJ]
B ciydae aBapuu PH Ha HadyanbHOM ydacTke moseTa.

B 3amodeHnM IOKa3aHO NPAKTHYECKOE pEIIeHHWe 3ajadd  BBIOOpa
BpeMeHH O01oknupoBkr ABJ] Ha HayaIbHOM ydJacTKe 1oJIeTa IIEpOBOi CTYIICHN
PKH muist pazpadateiBaemoro KPK «I{ukmoH-4%.

HccaenoBanue copOLUOHHBIX CBOMCTB YIJIEPOAHBIX HAHOTPYOOK ISt
HCIOJIb30BAHHS B CHCTEMAX ;KHU3Heo0ecedeHUs U peaduInTanun
I'ycea MLA., lanwnun A H., Kapauaua B.U., Pabunckuit JI.H.,
Poxkor A.I'., SInoBckuii FO.T'.

MAU, UTTPUM PAH, r. Mocksa

PaGora mocBsmieHa akTyaJdpHOW ¥ BeChbMa IEPCIEKTHBHOW IS
MIPaKTHYECKOTO BHEIPEHUs] TeMe 00 MCCIeIOBaHMH COPOLMOHHBIX CBOMCTB
yrneponubix  HaHotpyOok  (YHT). Kak  wu3BecTHO, HCIONB30BaHME
HaHOCOPOEHTOB B CHCTEMax XM3HEOOECHEeUeHNS U PeadMINTalnuy T03BOJISET
CYIIECTBEHHO  TIOBBICUTH  A(QQEKTUBHOCTH  A(PQPEPEHTHBIX  METOJIOB,
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IpeIHa3HaYeHHBIX JJIS yOaleHUs U3 KUAKHX Cpell OpraHu3Ma TOKCHYECKHX
BEIIIECTB Pa3IMYHOI0 MPOUCXOXKIEHH. bobiloe 3HaYeHHE IPU 3TOM HUMeEeT
CKOPOCTh M 3(QPEKTUBHOCTh ONEPaTUBHBIX mpouenyp. OrpoMHas ynenbHas
MIOBEPXHOCTh HAHOPa3MEPHBIX YaCTHIL, K KOTOPBIM MoxHO oTHecTH YHT, a
TaKke BO3MOXKHOCTb MOJM(UKAIMK YaCTHI] TOBEPXHOCTH Pa3IHYHBIMU
TIOKPBITHAMH JUISL OCYIIECTBIEHHS LEIEBOH COpPOIMH OTKPHIBACT IIMPOKHE
TIEPCTIEKTUBBl UX HCIIOJIB30BAaHMS B TEXHWYECKHX CHCTEMax Ul OYMINCHHMS
KHUIKUX Cpel 4YelIOBEeKa W WHBIX JKMBBIX OpPraHM3MOB OT 0JK30- H
SHIOTOKCHUHOB Pa3IM4YHON MOJIEKYJIIPHOU MaCCHhI.

B pabGote mpemmaratorcss texHonormu cuHTe3a YHT Ha ocHOBe Merona
XMMHYECKOTO Napo(a3HOTO OCaKACHHUS Ha IKEIE3HBIX M KOOAJIBTOBBIX
KaTAINTHYECKUX  CHUCTeMax. lccienyroTcss  CTpPYKTypHBIE — CBOIicTBa
NOJIyYeHHBIX HaHOOOBEKTOB, OLIEHMBAIOTCS WX pa3Mepbl. CopOuuoHHAs
spdexruBHocTh YHT neMoHCTpHpYeTCs B 3KCIIEPUMEHTAX C IUIa3MOH KPOBU
n yuMdbl 12 1oHOpPOB. B KauecTBe KOHTPOIUPYEMBIX KPUTEPUEB BEITHYHHBI
copouuonnoit émkoctd YHT wucmons30Baii OMOXMMHYECKHE TOKA3aTeNn
COZIep)KaHWsl B IUIa3M€ KPOBHM M JIMUM(pE WX OCHOBHBIX ITOCTOSIHHBIX
WHTPEINEHTOB, 110 YPOBHIO KOHIIEHTPAIMM KOTOPBIX MOXHO CYyIUTH O
COCTOSIHAH KJIETOYHOTO, OPTaHHOTO M OOIIEro TOMEeocTa3a MpH Pa3IHIHbBIX
3a00JICBaHHAX.

B pabore moxa3ana Bricokas copbumonHas 3¢dexruBHOCT YHT M0
OTHOIIEHWS K PALY MHIPEIUEHTOB COCTaBa IIa3Mbl KPOBH M JUMQBI. IDTO
no3Bojsier  paccmarpuBath  YHT — kak  cOpOGHTBI € BBICOKOMU
U30MPATENBHOCTBIO, YTO MPECTABIISIET 3HAYUTENBHBIA HHTEPEC U MEANKO-
TEXHUYECKUX IPUIOKEHUM.

JlanpHeilmne uccienoBaHMsS IMPEIONAararoT H3yYeHHE TOKCHYECKHX
coiictB YHT u pa3pabotku >3 pekTuBHBIX TexHosmorni anmumuHanui YHT ¢
TOKCHHaMH M3 OHOCPEAbl C HCIOJIB30BAHUEM CIENUATBHBIX MarHUTHBIX
JOBYIIEK ((UIBTPOB).

Pabora BemomHeHa mpu ¢uHaHCcOBOW momuepxkke DIl «Haydunwle u
Hay4HO-TIeJarOrMuyeckue Kajapbl MHHOBAUMOHHON Poccum» Ha 2009-2013
rogpl mo 5oty «[IpoBeneHnMe Hay4yHBIX MCCIEAOBAaHUI KONJIEKTHBAMHU
Hay4HO-00pa30BaTEeIbHBIX IIEHTPOB B O0ONAaCTH KOCMHYECKHX CHCTEM)
(rockonTpakt Ne 14.740.11.0154 ot 13.09.2010) u CoBera mo TpaHTaM
IIpesunenta Poccuiickoii Pepepanuu il rOCyJapCTBEHHOM MOIAACPKKU
MOJIOJIBIX POCCUHMCKUX YUYEHBIX M MO TOCYIApCTBEHHOM MOIJEPKKE BEIyLIHX
Hay4HbIX Ko (kox mpoexta HIII-64683.2010.8).
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OnTuMHU3auMsA NOCTPOEHUsI OPOUTATBbHBIX IPYNIUPOBOK KOCMHYECKHUX
CHCTEM AUCTAHIHOHHOTO 30HIMPOBAHNS 3€MJIH ¢ IPUMEHEHHEM
TeXHOJIOTMH ONEPATHBHOI0 NJIAHUPOBAHUS HX 11eJIeBOT0
(pyHKIIHOHUPOBAHUSA
Hapnonsix B.B., Manbies B.B.

MAMU, r. MockBa

CoBpeMeHHbIE KOCMHYECKHE CHCTEMBI JMCTAHIIMOHHOTO 30HAWPOBAHUS
3emmn ([I33) mpoeKTHpYIOTCS C y4eTOM MHOTO()YHKIMOHAJIBHOCTH CBOETO
LEICBOTO  NPUMEHEHUS, TO €CTh IPENOCTaBICHUS  MOTPEOUTEISIM
(momp30BaTENSIM, 3aKa34MKaM | T.J.) IIMPOKOTO CHEKTPA KOCMUYECKUX YCITyT
n uH(pOpManuH, HampHMep, BO3MOKHOCTH IONY4YCHUS pPa3sHO(OPMATHBIX
CHHMKOB TEpPUTOPUIl 36MHOH MOBEPXHOCTH HIIHM JIOKAJIBHBIX OOBEKTOB B
pa3MUYHBIX CIEKTPANbHBIX [HANa3oHaX, B JIOOBIX METEO- W YCIOBHUSX
ocBellleHHOCTH. [Ipy 3TOM oOpOWTaNbHBIE TPYNIUPOBKH CHCTEM MOTYT
BKIIIOYATh JECATKM KocMuueckux ammapatoB (KA), pacmojoXeHHBIX B
PA3JINYHBIX U PAa3sHOBBICOTHBLIX IIJIOCKOCTAX, MPUYCM JOITYCKACTCA HaAJIUYUC
IByX u Oonee oOpOWTAIBHBIX cerMeHToB. ONTHUMHU3aIMs HOCTPOSHHUS
OpOUTAJBHBIX TPYNNMUpoBOK cucteM /[I33 HeoOxoamma Ui ITOBBIICHHMS
3G PEKTUBHOCTH UX IENEBOTO (YHKIMOHUPOBAHMUS, HAIIPHUMED, AOCTHKEHUS
3aJaHHOH WMH(MOPMAaTHBHOCTH CHEMOK, IPOWU3BOIUTEIFHOCTH OOPTOBOH
neneBoi ammapatypbl KA, omepaTWBHOCTH JOCTaBKH HWHGOpMAIMU JHOO
BBIIOJIHEHUsI MHOTO  TpeOOBaHMSA B  3aBHCUMOCTH  OT  KPUTEpHsA
3¢ (GeKTUBHOCTH IeNIeBOro (YHKIMOHUPOBAHMUS CHCTEMBL. B oOmeMm ciydae
Takas ONTHMH3AI NpPEACTaBIsieT co00i (yHIaAMEHTANBHYI0 MpoOIeMy
COBPEMEHHOU TEOpUM  YIpaBICHUS, KoTOpast XapaKTepu3yeTcs
NOJIMHOMHAJIBHOW CIIOXHOCThIO. ENMHOrO mojaxoga K ee PEUIeHUIo 10
HACTOSIIIEr0 BPEMEHH HE NPEI0KEHO.

Lens nokiaga — mpe3eHTanus OJHOTO W3 BO3MOXKHBIX METOIMYECKHX
MOJXOJI0B K PEUICHHI0 yKa3zaHHOW mpoOsieMbl. OH peajm3yeT CIeAyIoNIyIo
BBIYHMCIIUTENBHYIO CXeMy: 1) BBIOOp HAYaJbHOTO BapuaHTa OpOUTAIBLHOM
TPYIIIUPOBKKA  CHUCTEMBI; 2) MOAEIHMPOBaHWE  MpoOIecca  IIEIEBOTO
(YHKIIMOHMPOBAHUS CHUCTEMBI; 3) ONTHMH3ALUs OIEPaTHBHOTO IIIaHa
LIEJICBOTO (DYHKIIMOHUPOBAHKSI CUCTEMBI 110 3aJJaHHOMY KPHUTEpHIO; 4) OlLleHKa
3¢ (GEeKTUBHOCTH IeNIeBOT0 (YHKIMOHUPOBAHKS CHUCTEMBI; S5) H3MEHEHHE
mapaMeTpoB OpPOWTANBHOW TPYNIHPOBKM W TMepexolq K JTamy 2; 6)
MapaMeTPUYECKHH aHalu3 pPe3ylbTaTOB LEJNEBOr0  (DyHKIMOHHPOBAHMS
CHCTEMbI, MHOTOKPATHO TOJIy4eHHBIX Ha 3Tamax 2 - 5, u BbIOOp Hamboliee
IPENOYTUTENBFHBIX TTapaMeTpoB ee opburanbHOM rpynmupoBku. [lo cytw,
I[aHHI)II‘/II MoJAX0J OCHOBAH Ha MHOT'OKPATHOM PECHICHUU 3adavdy ONITUMU3ANN
TUTaHUPOBAHMS LeNieBOoro (YHKIMOHMpOBaHUs cucteMbl J[33 ¢ oOparHOM
CBSI3pIO, YTO TIO3BOJISIET BapbUpPOBATh MapaMeTpbl M ONTUMH3HPOBAThH
opburansHyr TpynnupoBky KA. s aBromarusamuu moaxoja paspaboTaH
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CIEUAIN3UPOBAaHHBI NPOTPAaMMHBIA KOMIUIEKC, PEAIM3YIOIHUNA MOJEINA U
METOABl  ONTHMH3ALMH  ONEPAaTHBHOTO  IUIAHMPOBAHUS M aHaJIN3a
s¢ppexkTuBHOCTH 1eneBoro (QyHKunoHWUpoBaHWs cucteM JI33, panee
MIPEACTABISABIINXCS U IyOIMKOBAaBIIMXCSl B paboTax aBTOPOB JIOKJIAa.

PaccMmoTpeHBl mpuMepsl perieHus MOJENBHBIX 3aad ONTUMM3ALUU JUIs
OpOuTaNIbHBIX TPyHnmupoBok m3 3 — 5 KA nHaOmiomeHHs C TpPOEKTHBIMH
nmapamerpamu cucteMbl «RapidEye», Npon3BOIMIIMX CBEMKY JIOKAIBHBIX
3eMHBIX 00BEeKTOB. [lomydeHHbIe pe3ynbTaThl B JIOKJIA/e IPENCTABICHBI U
00CYX/ICHBI.

Jlokiag TOATOTOBIEH €  HCHOJIB30BAHMEM  PE3YyJIbTATOB  HAYYHBIX
HCCIIEIOBAaHHM, TPOBOIUMBIX aBTOpaMH IIPH moanepxke Poccuiickoro ¢porma
(dbyHnameHTanbHBIX HecnenoBanuii (rpant Ne 11-08-01278-a).

CuHTe3 KOMOMHHUPOBAHHOI cCTeMBbI MPEeNN3MOHHON cTa0UIM3alNHT
ooceppaTtopun «CIIEKTP Y ®»
brrukos U.B., Boponos B.A., dpyxunun 2.1., Koznos P.U., Yiaesuos C.A.
UACTY CO PAH, r. UpkyTck,
benser b.b., Tenennes I1.I1., Yapsmma A..
HITO um. C.A. JIaBoukuHa, I. XUMKH

B nokmane mpencTaBieHBI pe3yNbTaThl MTOWCKOBBIX HCCIIEAOBAHUM 10
pa3paboTke KOMOWHHPOBAHHOW CHCTEMBI BBICOKOTOYHOH CTAaOMIM3AIlNH
ONTHYECKOTO  TEJNecKoma sl  HPOEKTUPYEMOH  MEKAyHapOAHON
obcepBatopun «Criektp-Y Dy, npenHa3HaAuYCHHON /11 u3yueHus 38e31 B Y D-
JMana3oHe.

Kombunuposannass cucmema CTaOMIM3alUHM BIIOYACT Pa3OMKHYTHIA U
3aMKHUTBIA KOHTYpBL. [ pacuera npoepammuuix ynpagienuil, pearu3yeMbIX
Pa3OMKHYTBIM ~ KOHTYPOM, HCIIOJIB3YyeTCSI ~ HOBBIH  npamoul  mMemoo.
[IporpammHBIe ynpaBieHus MpeAHa3HAYCHBI U1 BHICOKOTOYHOTO HABEICHUS
TEJIECKOIa Ha 3aJaHHYI0 00NacTb. BBUMCINTENBHBIN aNrOpUTM, YHUCICHHO
peanm3ylomui NpsAMOM  MeToJ, XOpomo OOYCIOBIEH W  HaJeNseT
MIPOTPaMMHBIE YIIPABJICHHUS HEKOTOPBIMH OCOOBIMH CBOWMCTBaMu. Tak mpu
WCIOJH30BAHUM B KadecTBE HCIOMHHUTENBHBIX opraHoB (MO) cucremsr
YTPaBICHUSI TEJIECKONIOM UHEPYUOHHBIX MAXOBUKOG, TIPSIMOM aIrOpUTM
aBTOMaTHueckn d3((EeKTHBHO paclpenenser 3aKoH yNpaBJICHUS MO
OTACJIIbHBIM MaXOBHKaM B cilydyac HX M30BITOYHOCTH. HpI/I 3TOM
BBIYHCIICHHBIE  «IPSMBIC»  NPOSPAMMHblE — VApAGNeHUs  SIBISIOTCS
MaJIOYYBCTBHUTEIHHBIMU K OIIMOKaM JaHHBIX, HECTaOMIBHOCTH [TapaMeTPOB U
K BO3MYILEHHSM CpeIbl. DTH MOJE3HbIE KA4eCTBa «IIPSIMBIX» IPOrPaMMHBIX
YIpaBJICHUI» SIBWINCh OCHOBAaHHEM IIPHBJICYEHHUS] MpPSIMOTO MeEToJa K
HCCIIEAOBAaHMAM IO MPOEKTY «CrekTp-Y O».

JIuis cuHTE3a 3aKOHA CTAaOMIIN3AINHY, PEaTi3yeMOTo 3aMKHYTHIM KOHTYPOM,
HCIIONIB3Y€eTCST HOBass MOJAM(UKAINASA CTPOTOTO METOAA CHHTE3a HEJMHEHHBIX
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HEMPEPHIBHO-AUCKPETHLIX CHCTEM CTAOWIM3AIlMM C HEOMPEIeICHHOCTSIMH,
OCHOBAaHHOTO HAa MHUHUMH3AIMKM TapaHTUPOBAHHOW OLIEHKH TOYHOCTH,
BEIUMCIIIEMOW €  TIOMOIIBEO  BEKTOPHBIX  (yHkuuid JlsmynoBa. C
WCIIOJIb30BAaHUEM JTOTO METOZA IPOBEJIEH CHUHTE3 IMapaMeTpoB OOpaTHOU
CBA3M B pEKUME TOYHON HWHEPIMATBHON CTaOWIN3aIMA ONTUYCCKOH OCH
TEJIECKOIa C YYETOM HEKECTKOCTH KOHCTPYKIINHU, KBAHTOBAaHUI CHTHAJIOB IO
BPEMEHH W YPOBHIO, OMIMOOK HM3MEpHTENel OpPHCHTAINH, TOTPEIIHOCTEH H
OTPAaHUYCHHOCTH YIPABJISIONAX MOMEHTOB HCIIOJIHUTEIBHBIX IBUTATEIICH-
MaXxOBHU-KOB.

[IpuBogsATCS pe3ynbTaThl YACICHHBIX SKCIIEPUMEHTOB, IEMOHCTPUPYIOIINX
Ka4eCTBO CHHTE3UPOBAHHON CUCTEMBI CTaOMIIN3AITHH.

IlepcneKTUBBI Pa3BUTHS TEXHOJIOTHHU LeJ1€BOT0 INIAHUPOBAHMSA
AUCTAHIIMOHHOT0 30HAMPOBAHHUS 3eMJIH
Engytkun C.A.
L CKB-IIporpecc, r. Camapa

@OyHKIMOHUPOBAaHWE  KOCMHYECKOTO  ammapara  AWCTAHIMOHHOTO
soumupoBanus 3emun (KA /133) «Pecypc-JAK1» Ha opOute obecnieunBaercs
Ha3eMHOW MH(pPacTpyKTypoH, BKIIOYAIOIMIEH HAa3eMHBIH KOMIUIEKC MpHEMa,
00paboTKKM W pacmpocTpaHeHHS HH(POPMAINH, B COCTaB KOTOPOTO BXOIHT
komruteke wianuposanus J133 pazpadorku ['HITPKI] «IICKB-IIporpeccy.

OcHoBHas mnenp IulaHupoBaHusi paborer LA /133 — oOecneuntsb
MakcUMalbHbIH 3ddekT oT wneneBoro mnpuMeHeHuss KA mnpu Haumboiee
NOJIHOM y4YeTe TEXHMYECKHX BO3MOXHOCTEH €ro OOpTOBBIX CHCTEM W
«0e301mmob0uHOI» 0TpaboTke mporpamMmbl ynpasineHus LIA. B kommekce
Texkymero IaHupoBanua 1 KA «Pecype-[IK1» aBromarusupyertcs
MIPOLIECC  BBITIOJIHEHUSI OOJIBIIMHCTBA TEXHOJOTMYECKUX OIepanuid Mo
TUTAHUPOBAHMIO CHEMKH M Tepenaun nHpopmammu J[33, B Tom uucie Bce
pacyeTHble 3aja4d, KOHTPOJb OTpaHWYECHUH, (popMHpOBaHHE MapameTpoB
ynpaBieHust OopToBoi ammapaTypbl. OnHAKo BBIIIOJHEHHE YyKa3aHHBIX
omepanuii TpeOyeT 3HAUMTEIBHBIX 3aTpaT BPEMEHH, IOCKOJIBKY 3aj1ada
0TO0pa 0OBEKTOB CHEMKH BO3JIAraeTCsl Ha ONepaTopa-4eaoBeKa.

s KA JI33 «Pecypc-I1» crmoXHOCTh 3aa4d IIAHWPOBAHUS CHEMKH U
nepenaun uHbopmanuu /133 3HAUMTEIBHO BO3PACTaeT, 4YTO OOYCIOBIECHO
U3MEHEHHEM COCTaBa M XapaKTepUCTHUK OOPTOBBIX CHCTEM W ammapaTyphbl,
npu 3TOM BO3pacTaer HEOOXOAUMOCTb aBTOMAaTH3HUPOBAHHOTO
(dbopMupoBaHuUs TeKylIero miaHa pabotsl LA B COOTBETCTBHM C 33 aHHBIMU
ONEepaToOpoOM MCXOAHBIMM JaHHbBIMU. C y4eToM BO3pOCHIEH CI0XKHOCTU
3aJa4d  IUTAHUPOBAHMSA  TpeJUlaraeTcsi  NPUMEHEHHE  CIELUAIbHOIOo
MPOTPaMMHOTO  OOECTeYeHHs  ONTHMH3ALMH  IUIAHOB  CBEMKH W
BocrupomsseneHus (CIIO OIICB) mis aBTOMaTH3UPOBAHHOTO ONTHMAIBEHOTO
IUTaHUpOBaHMs paboTel I[A mpH BBHIMONHEHWHM 33724 CHEMKH 3€MHOU

79



NOBEPXHOCTH M BOCIPOM3BEJCHUs 3amucaHHOW uHMopmaumuu [133 Ha
Ha3eMHbIE ITyHKTHI IpreMa nHpopMaIuu.

I[Ipumenenne CIIO OIICB mno3BONMUT aBTOMAaTU3UPOBATh MPOLECC
TutaHupoBaHusl paboTel LIA u copmMupoBaTh ONTUMAIBHBIA IUIaH PabOTHI
ITA, 4TO COKpaTUT UHTEpBAJ BPEMEHH OT MOCTAHOBKHM 3a/1a4X IIAHUPOBAHUS
paboter IIA 1o BbImaum B IEHTp ymopaBieHus mnonerom KA roroBoit
nporpamMmbel  paboTel LA u obecrnedyuT B KOHEYHOM HTOTE BBICOKYIO
OIEPAaTUBHOCTS pelreHus 3anad J33.

Jns moBeimeHust 3G ¢GEKTHBHOCTH pEUICHUS NpakTHUecKux 3amad [[33
paccMaTpHBaeTCsl BO3MOKHOCTh COBMECTHOTO Mcnonb3oBaHus KA B cocrase
opburtansHoi TpymmupoBkn KA: «Pecypc-AK1» + «Pecype-II» Nel,
«Pecypc-IT1» Nel + «Pecypc-IT» No2, yTo 1mo3BOJNUT 00ECIIEUUTh BHICOKUE IO
CpaBHEHMIO C ofuHOYHbIMM KA mokaszarenn MpoOU3BOIUTENBHOCTH,
NepUOTUYHOCTH HAOMIONEHUs W T.I. B HMHTEpecax pa3IM4yHbIX TIPYMIl
rorpeduTeneil 3a CYeT KOMIJIEKCHPOBAaHUS HAaOIIOIeHUH.

Hcnoan3oBanue 3akucH a3ota B Maiabix KA
3akupos B.A., XKanr X.-10. u JIn XK.-¢.
VYuusepcuret «lunxya», Kurait

3akuch azota (N,O), oOmem3BecTHas KaK «BECENSIIAN Ta3», MOXKET
XpaHUTBCS B OKUIKOM BHAE, WMes TpPH KOMHATHOW TeMIlepaType
OTHOCHTEJILHO BBICOKYIO IUIOTHOCTH 745 KI/M’, a TaKkke OTHOCHTEIHHO
BBICOKOE€ JaBJICHHE HACBHIIEHHBIX apoB ~50 aTM. B HOpManbHBIX YCIOBHUIX
3aKUCh a30Ta HE TOKCHUYHA, HE OTHEONacHa, He arpeccHBHa, a XUMHYECKU
cTa0WIbHA W COBMECTMMa C MaTepHallaMH KOHCTPYKIIMH KOCMHYECKUX
anmapaToB (KA).

YHHUKAILHOCTh CBOMCTB 3aKHUCH a30Ta MO3BOJIIET PACIIMPHUTH OOJIACTh €€
npuMeHeHns B KA, rae oHa MCHONB3yeTcs TOKa TONBKO B Ka9eCTBE TOILIMBA
IBUTATENBHBIX YcTaHOBOK (JIY). [TockonbKy m3-3a 0COOCHHOCTEH CBA3aHHBIX
¢ ManmeIMU pazMepamMu KA, mpuMeHeHHe yXe CYMECTBYIOMIUX CHCTEM IS
MaHEeBPHUPOBAHHUS, TEPMOPETYINPOBAHUS u mp. CTaHOBHTCS
Mao3(QQEeKTHBHBIM, WCIIONB30BAHUE 3aKHUCH a30Ta SIBISIETCS HE TOJBKO
000CHOBAHHBIM, HO M TIEPCIIEKTUBHBIM.

B 1nanHOW cTaTbe IEPEUUCIICHBl IPEUMYIIECTBA W  BO3MOXKHBIE
MNPpUMEHCHUA 3aKHCU a3oTa B KA, a TaKXKE€ MPUBOAATCA KOHIECITYaJIbHBIC
cxembl KA wucnonp3ymooimye 3akuch a3oTa HE TOJBKO B KadyeCcTBE TOILIMBA
MHoro(dyHKIIHOHANEHON JIY, HO U Kak pabodee TeIo TePMOPETYIHPYIOMIETo
KOHTYpa.
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AJITOPHTM YNIPaBJIeHUS] AaBTOMATHYECKHM MOABOAHBIM ANIMIAPATOM NPH
MOHHTOPHHI€ MOJIBOIHBIX 00HEKTOB
Maneimes B.B., Ka6anos [1.C., ®emopos A.B.
MAMW, r. MockBa

Pabora BemonaeHa npu mogaepxke PODU (rpant Ne(09-08-00829).

PaccmaTpuBaeTcss 3amada BBIBEACHHS aBTOMAaTHYECKOTO IT0JIBOJTHOTO
anmapata (AITA) c¢ oOxomoMm noHHOro penbeda B 3aJaHHBIN paiioH IS
MOHHTOPUHIA TIOJBOIHBIX He(pTe- W Ta30lNpOBOJOB WM TPH IIOHCKE
3aTOHYBIIMX OOBEKTOB. [l MOMCKa MONOOHBIX OOBEKTOB HCIIOIb3YETCS
THAPOJIOKATOP.

ITocTpoeHsl MaTeMaTHYeCKHE MOAENH CHTyallMd B LEJIOM, MOJEINb
PacIpoOCTpaHEHHsI CHTHAJIa TUIPOJIOKATopa B Cpele, MOJENb JBHKCHUS
CaMOro ammapaTa U MOJIENH ero IMOJCHUCTEM: YIPAaBICHUs, THAPOJIOKAINH,
PYJIEBBIX IPUBOJIOB, IBUTATEIS U JP.

VYnpaBneHne W TpaekTopHus o0Xona Iperpansl, HalpuUMep, IEepeBOI C
OMHOI TJIyOWHBI Ha JPYryl0 C KPUTEPHEM TOYHOCTH BBIBEICHHS U
MaKCHMAJIFHOTO OBICTPONEHCTBYSI, ONPENENSIOTCS IyTEM PELICHUs 3aJaqn
ONTHMAJIBHOTO YIPAaBIEHUS C WCIOJB30BAHUEM IMPUHIMIA MaKCUMyMa.
OcoOeHHOCTBIO pelIeHHs 3aJaddl ONTHMH3ALUH SIBIISIETCS HCIIOJIb30BaHHE
ANITOPHTMa KOPPEKIMU apaMeTPOB CTPYKTYPHI YIPABICHUS.

Pa3paboTaHbl aJTOPUTMBI TIOMCKa HHTEPECYIOIET0 OOBeKTa Ha JHE B
3aJaHHOM paiioHe. B ciydae orcyTcTBHSA OOHApy»KEHHS HCKOMOTO OOBEKTa
AITA mo nmporpamme Bo3BpamaeTcs B TOUKY CTapTa.

Pa3paboTaH KOMIDIEKC MMHTALMOHHOTO MOJEIHPOBAHMS OIEpalvd U
NPOBEICHA C €r0 TOMOIIBI0 METOJAOM CTATHCTHYECKHX MCIBITAHUN OIIeHKa
s¢pdextuBHOCTH BhIBeAeHUss AIIA B 3amaHHyl0 001acTh MOHHUTOpHHra B
pa3IMYHBIX BApUAHTaX MCIIOJIB30BAHUS.

Pe3ynbTaThl IMHTAIMOHHOTO MOJCTHpOBaHus (yHKIHOHUpOoBaHus AlIA,
JIEMOHCTPUPYIOT pabOTOCHOCOOHOCTh CO3JaHHBIX MOJENEH, BBIOJIHEHHE
MIOCTABJICHHOHN 3a1a4M C 3aJaHHON TOYHOCTHIO, a TAK)KE YCTOWYMBYIO paboTy
QJITOPHTMOB YIIPABJICHUS] TPU HM3MEHEHWH YCIOBHU 3amadd B Mpolecce
JBIKCHHS.

AcneKTsl pa3padoTKN MaJIbIX KOCMHYecKHuX anmnapatos /133 B
HerepMeTHYHOM 0eCKOPITYCHOM HCIOJHEHUH
Baticepo M.B., I'magunuu B.C., o6pymuaa M.I'., Kasyn B.B.,
Mockanes C.W., yapo A.IL
Kb «tOxHoey, r. [lHenponeTpoBck, YKpanHa

B mocnenHue ronael mmeercs TeHAeHLUsA K co3naHuio Manbix KA 133
Maccoii 10 200 kr, y KoTopbIX GyHKIMU Kopiryca KA (cninoByto, 3aUTHYIO 1
panuanvoHHYI0) BBIOJHSAIOT KOpITyca MPHOOpPOB, BBIMOJHEHHBIE B BHIE
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NPSMOYTOJIBHBIX 00euaek. OHM BMeCTE C TOPIEBBIMHU IUIUTAMHU CKPEIUISIOTCS
C TOMOILNBIO INNHWJICK B EIUHBIH TakeT, oOpa3ys cwioBod kapkac KA.
VYKka3aHHOE€ KOHCTPYKTHBHOE peEIIEHHE MO3BOJSEeT CHU3UTh Maccy KA.
Kopnyca npubopoB, yKOMIUIEKTOBaHHBIE  3JIEKTPOHUKOH, 00pasyror
OTZAEJbHBIE paMOYHBIE MOJYJH, KOTOPHIE C IOMOIIBI0 KOPOTKHX KaOesen
COEIOUHAIOTCA dneKkTpuuecku. Ilpumepom peanmszanuu pamounor KKC
siBIsttoTest crryTHUKA J133 dupmer SSTL.

OcHoBHEIM HepmoctaTkoM Takor KKC sBisercs TpyIaHOCTh oOecneueHHs
TpeOyeMol TOYHOCTH B3aWMHOTO YIJIOBOTO TIOJIOKEHHSI CKAaHEpOB U
HaBUTALIMOHHBIX TPHOOPOB, KOTOpPBIE OOBIMHO pAacIoaraioTcsl € pasHbIX
CTOPOH METANIMYECKOTO KOPIyca, CYIIECTBEHHO Ae(hOPMHUPYIOLIETOCs OT
HepaBHOMepHOTro HarpeBa ComHiieM. Kpome Toro, Takod COOpHBIH KOPITyC
CKJIOHEH K paclIaTblBaHMIO. B JoKkiane yka3aHbl TYTH NPEOJOJICHHUSA
Ha3BaHHBIX BBIIIE Mpo0ieM, KOTOpble ObUTM peanu3oBaHbl B KA,
paspaboransbix ['TI «Kb «lOxHoe» ¢ ucnonp3oBannem ykasanHoi KKC.

Tak, Bce mnpubOpsl, TpeOYIONME TOYHOH YIIIOBOW B3aUMOYBSI3KH,
pa3MelleHbl Ha eIMHOM KOHCTPYKTHBE — 0a3MCHOM OJIOKe, 4TO M30aBisieT uX
OT BIMSIHUS TEMIIEPaTYpHBIX Ae(opManuii OCTaJbHOW dYacTH Kopryca H
o0yerdaeT COIOCTHPOBKY 3THX MIPHOOPOB Ha 0a3McHOM OIoke, 0 cOOpKH
Bcero KA. basucHblii 0ok BRIIONHEH B (hopMaTe paMOYHBIX MOIYJIEH H
CTBIKYeTCS ¢ HUMH OOIIMMH IIMWIBKAMH, HO €r0 TOPLI 3aKPBITHI, OJUH —
IUINTOW, a Jpyroil —miockoil ¢epmoir. [losTromy OH TOpazmo kecTde
pamounbsix Monyned. Ilocme cOGopku Bcero KA Tpelyercs TOIBKO
KOHTPOJIbHAsA TPOBEPKAa COXPAHHOCTH B3aMMHOTO MOJOXEHUS OTAEIbHBIX
npuOOpOB, JOCTYN K KOTOPBIM obecredeH B oOmiell cOopke. CkaHepsl U
3BE3AHBIM JaTYMK 3aKpElIeHbl Ha BBICTYMAIOIIEH 3a MpeAensl paMOYHBIX
Monyied TumMTe OasucHOro OJIOKa, TIOAKPEIUIEHHOM TOoAKOcaMH, W
pacrionararotcsi cOOKy OT TNakeTa paMOYHBIX Moxyneil. Takxke cOoky
pacronararoTcsi ¥ Apyrue npruoopsl, KOTOPBIE KPEISATCs K TOPILEBBIM IUIHTAM
KA, BpIcTymaromym 3a mpezessl akeTa paMOYHBIX MOIYJICH.

JIisl yMEHBIICHNST TeMITepaTypHBIX Tepenanos u aedopmanmii KA 3akpsit
c OOKOB YeTBIPbMS TEIUIOBBIMH JKpaHaMu. [l Toro 4roObl 3KpaHbI HE
nedopmupoBa KOPITyC, OHM 3aKpEIUIEHBI TOJBKO K OJHOM M3 TOPLEBBIX
wmT. [IpsSMOYrompbHMK M3 TEIUIOBBIX OJKpaHOB pa3BepHYT Ha 45° K
NPSMOYTOJIBHUKY PaMOYHBIX MOJYJIEH, 4TO MO3BOJIAET B 00pa30BaBLIMXCS
OpyU  3TOM yriax pa3MeCTHTh KPYIHOTabapWUTHBIE NPHOOPBI, CHU3UTH
rabaputhl U Maccy KA.
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Metonnka ¢popmMupoBaHusi Tpe6oBanmii k 00nky BJIA
Bututun B.®., Kanarua M.IO., Kpacasun K.B.
MAMWU, r. MockBa

Ienp pabotel — ¢opmupoBanue TpeboBanuii k BJIA Ha ocHOBe
MMHTAIIMOHHOTO MOJICIMPOBaHMs THITOBOH omneparmu. [log TpeboBanusmMu K
Oo0JINKYy TOHHMAIOTCs: CKopocTh mnoseta bBJIA, Macca meneBoro rpysa,
KOMITOHOBOYHAsI CXeMa, YCJIOBUSI ITOJIX0Jla, TOYHOCTh CHCTEMBI HaBEICHUS.
dopmupoBaHue TpeOOBaHMI OCYIIECTBISIETCS IMOJ 33JaHHYIO 3apaHee
3¢ (eKTUBHOCTD TPAMCHEHHS.

Pacuér »sddextnBHOCTH Bexércss Ha 0aze  JIOTHKO-BEPOSITHOCTHOTO
noaxofa. Pemenue 3agaun AeNUTCS Ha TPH dTamna:

- CocraBieHne (U3NYECKUX MOJENEH MPOIECCOB, HEOOXOOMMBIX I
peann3anyy BHITONHEHHS enieBoii 3anadu BJIA.

- CocraBjieHre MaTeMaTH4YecKOW MOJEIM Ha OCHOBAaHWUHM (H3MYECKUX
Mozeneld. B kauecTBe MaTeMaTH4eCKOW MOZEIM BBICTYHAaeT (YHKIMs
anreopsl soruku (DAJI), cocTosiias U3 BO3MOXKHBIX COUYETAHHNA COOBITHIA,
MPUBOJASAIIMX K BBINOJHEHUIO LieieBoi 3amaaun BJIA T.e. morepu ueneBbIM
00BEKTOM CBOMX (PyHKIIMOHAIBHBIX XapaKTEPHCTHK

- Ilo cocraBnenHoi Ha 2 »3tane @DAJl BBIBOAUTCS BEPOSTHOCTHBIN
MOJIMHOM, B KOTOPOM NPHUCYTCTBYIOT BEpOATHOCTH BCEX COOBITHH,
TIOJTyYEHHbIE TIPH ITOMOIIM MOAEINEH MepBOTro 3Tarna.

[puriuner mocTpoeHuss Tpada coOBITHS «mOTEps (PYHKIHMOHATBEHBIX
XapaKTEPUCTUK OOBEKTa» MOXKHO MPEACTABUTh TAKUM 00pa3oM:

- OOGBEKT IpeACTaBISIETCS B BUE COBOKYITHOCTH YSI3BUMBIX 00acTeit

- Kaxzplit «riet» rpada cooTBeTCTBYET KaKoMy - JTMOO COOBITHIO

- Mexy COOBITHSIMH yCTaHOBIICHBI JIOTHUECKHE CBSI3H

Ilocne  pa3paboTku  Momenell  OCYIIECTBISIETCS ~ MMHTAIMOHHOE
MOJIETUPOBAaHHUE JUIS Pa3IMYHBIX BapUaHTOB IapaMeTpoB oOimka BJIA.
MozenupoBaHue OCYIIECTBISIETCS MyTEM IMOCIIEA0BATENLHBIX MPUOIMKEHUN
c wucroib3oBaHueM Metona Monre-Kapno. IlomyueHHble pe3ysbTaThl
MO3BOJIIIOT ~ TIOCTPOMTH  TIOBEPXHOCTH  IMOTEPH  (PYHKIMOHAIBHBIX
XapaKTEePUCTHK OOBEKTa.

Mexanusm puibTpoBaHUS B MeMOpPaHHOM (GHIbTpe-pa3aeauTeie
cucrembl CPB-K2M
bo6e JI.C., Actadnes B.b., Kannnia A.A., Ctepun B.®.
HUWxumMmai, r. Mockpa

B OAO «HWHxummam» pa3paboTaH  CTaTHYECKHH  cemapartop
(MeMOpaHHBIl  QUIBTp-pa3enuTens) it pabOThl B COCTaBE€ CHCTEMBI
pereHepanu BOJBl M3 KOHJEHcaTa aTMocepHod Biaru. B memOpaHHOM
(buIbTpe-pazaenuTesie OCYIIECTBISETCS MOJHOE pa3/ielieHHe JKUAKOCTH H
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rasa ¢ OJHOBPEMEHHON aKKyMyJsIUEW >KHAKOCTH BO BJaroyaep>KUBarolIeM
Marepualie, 4yTo OOECIeUYMBAET MPUEM JKHIKOCTH C OOJBIIMM PAaCXOIOM.
Bnaroynep:xuBaroluii  mMarepuan  pacmpefenser  JKUAKOCTb  BAONb
JBYXCJIOMHOW MHKPOIOPUCTOH MONYNPOHHUIAEMOH MEMOpaHbl, W KUAKOCTh
MIOCTETIEHHO OTBOJAWTCS B JKUAKOCTHYIO TOJOCTH 4epe3 MeMOpaHy 3a cyer
KallWUIIPHBIX CHJI W TIepenaja AaBIeHHs, BMECTE C 3THM HPOHUCXOIUT
(UITBTPOBAHHE JKUIKOCTH.

Pecypc cratmueckoro cemaparopa Ha OCHOBE MHKPOIIOPHCTOW MeMOpaHEI
OTIPEZIETISIETCST  Ka4eCTBOM JKHMAKOCTH M PEATM3yeMBIM MEXaHH3MOM
¢unpTpoBaHMA. 3arpsA3HEHUS B JKUAKOCTAX MMEIOT IOIMIUCICPCHBINA
XapakTep, Mo3TOMY (GHIBTPOBAHHE MOXKET COIPOBOXKAATHCS IOJIHBIM HIIN
YaCTUYHBIM 3aKyNOpHUBAaHHEM IIOp, OOpa3oBaHMEM HAJ BXOIOM B TOPHI
PBIXJIBIX ~ CTPYKTYp WIM OOpa3oBaHMEM OcCajJka Ha IOBEPXHOCTH
MHUKPOIOPUCTON MEMOPAHBL.

bouln  mpoBeleHbI  HKCHEPUMEHTHI, KOTOpBIE BBIIBIWIIM  MEXaHU3M
(GuIBTpOBaHMS, peanu3yeMblii B MeMOpaHHOM QuibTpe-pasnenutene. s
9KCIIEPUMEHTOB  HCIOJIB30BAJCS  (DWIIBTPOBANBHBIH  TAaKeT, KOTODPBIN
MOJTHOCTBI0 MMHTHPOBAI COCTaB MEMOpPAaHHOTO (HIBTPa-pa3AeInuTeNs.
OuUIbTPOBATBHBIA MAKET 3aKpeIUisics B (QHUIBTPOBAIBHON sUeiKe; 3apaHee
TIOJTOTOBJICHHBIII WMHTATOp KOHAEHcaTa aTMoc(epHON Biark (c pasHOU
CTENEHBIO 3arpsi3HEHHOCTH) MOJaBajlcsi B (UIBTPOBAIBHYIO SYEHKY IIpH
MIOCTOSTHHOM [IaBJICHUH M, TOCTETIEHHO MpPO(UIbTPOBBIBAsCh, coOMpancs B
MepHyl0  eMKocTb. KauecTBo  KoHIeHcara  arMoc(epHOM  Biaru
IpeIBapUTEIbHO OLIEHUBAIOCH I10 METOAWKE OINpENeNeHUs] MOCTOSHHON
¢unbTpoBanus, paspaboranHoit B OAO «HUHxummam». W3mepsutock
KOJIMYECTBO IPOIIE/IIEH KUIKOCTH U BpeMsi pUIbTPOBAHUSL.

OKclepUMEHTaIbHbIE JJaHHBIE AaHAIN3UPOBAIUCh HAa  COOTBETCTBHE
pa3nuyYHBIM 3aKoHaM (QuiIbTpoBaHus. Ha ocHOBaHMM aHanm3a rpaduyecKoro
TIPEACTaBICHUS PE3yIbTAaTOB OBLI C/ENaH BBHIBOA O TOM, YTO B MEMOpPaHHOM
¢unpTpe-pazaenurene Hpd  QUIBTPOBAHMM  HMHTaTopa  KOHJIEHCATa
aTMoc(hepHOH BJIaTH peasn3yeTcss MeXaHu3M (DIIIBTPOBaHUS ¢ 00pa30BaHUEM
ocajZika, 4YTO sBiIsAeTcd HauOoiee ONArONpPHSTHBIM  YCIOBHEM  JUIS
obecrieueHns JITUTETHHOTO pecypca padoTHL

B Hacrosmiee BpeMs MpOIOIKAIOTCS JIETHO-KOHCTPYKTOPCKUE HCTIBITAHHS
MeMOpaHHOTO (PUIBbTpa-pa3ieNuTessi ¢ OJHOBPEMEHHBIM COMPOBOXKICHHUEM
Ha 3emsie. DOKCIEpUMEHTalbHAsi OSKCIUTyaTalusl ammapara Ha OopTy
MEXIYHApOJHOM KOCMHYECKOM CTaHIIMM B COCTaBE CHCTEMBl pereHeparuu
BOIBI M3 KOHJEHcaTa aTMOC(EpHOHW BIAarW TOATBEPKIAET JUINTEIBHBIN
pecypc paboThI cenaparopa.
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AKTHBHAf TeIJIOBAs 3allIUTA THNEP3BYKOBBIX JETATEJbHbIX allIAPATOB
0T 2IPOANHAMHYECKOT0 HATPeBAa HA HOBOM (PM3HYE€CKOM NMPHHIUIIE
Kepuoxunkuit B.A., Konbrues A.B.

BI'TY «BOEHMEX», r. Cankt-IlerepOoypr

[IpeononeBas compoTHuBieHHE aTMOC(Ephl NpPHU II0JIETE, THIEP3BYKOBOM
neratenbHelid anmapat (['JIA) 3arpaunBaer yacTh SHEPrHMM TOIUIMBA Ha
MIPEO0JIEHUE CONPOTUBIICHUSI BCTPEYHOIO BO3yXa, YTO IIPUBOJUT K HarpeBy
BHemHeH obomouku [JIA. [lpm 3TOM BO3HHKAaeT MpoOiieMa «TEILIOBOTOY
Oapnepa.

CymecTBYIOT MHOXECTBO PA3IMYHBIX METOJOB AKTHBHOW M MAacCHBHOM
TETJI03aIIUTHI, @ TAK)KEe METOJOB BO3BPALIAIONINX YacTh IMOTEPh HEPTHU Ha
MPOXOKIeHNE CKBO3b atMochepy TJIA.

IIpennaraercs I'JIA, B KauecTBe CpeICTBAa INPEOJOJIEHUS TEIUIOBOTO
Oapbepa OCHaIllaeMbIii KOMIUIEKCOM CHUCTEM DJIEKTPOHHOTO OXJIXKJCHHUS Ha
OCHOBE IIPSAMOIO IpeoOpa3oBaHUS TEIJIOBOM JHEPTrUM B 3IIEKTPUUECTBO.
OcCHOBOM JaHHOTO KOMIUIEKCAa [OJDKHA SIBHUTBCA CHCTEMa aKTUBHOU
TEPMO3IMHUCCHOHHON  TerutoBod  3ammthl  (ATT3). Takum oOpasom,
MpeaJiaraeTcsi KOHLENIHUS, OCHOBHOW OCOOCHHOCTBIO KOTOPOW SIBIISETCS
chUcTeMa TEIUIOBOM 3amuThl Ha 0a3e SBICHUS TEPMOIMHCCHOHHOTO
OXJIKICHUS C OJHOBPEMEHHBIM TPSMBIM NpeoOpa3oBaHHEM TETIOBOU
SHEPruM a’pOAMHAMUYECKOTO HarpeBa B JJIEKTPUYECKYI0 3Hepruio. [lpm
peanu3anyuy JaHHOH KOHIIENIMM HOCOBBIE YaCTH, IEPEIHNE KPOMKH KpbLia,
CTabMIM3aTOPOB M JAp., TO €CThb HanOoyiee TEIIIOHANPSKEHHBIE YYacTKU
KOpITyca, HCHBITHIBAIOIINE WHTEHCUBHBIN  a’pOJMHAMHUYECKHH Harpes
NpPEJCTAaBISIIOT ~ cO00i  ycTpoiicTBa, peanusyiomue cnocod  ATT3.
[lepeunicieHHble BBIIE 3JEMEHTHl KOHCTPYKIMM B OOIIEeM ciy4ae
peanuzanuu crnocoda ATT3 cocTosT U3 BHYTPEHHEH M BHEIIHEW 00OJIOYKH.
[Ipn nBwkeHnn B aTtMocdepe ¢ THIEP3BYKOBBIMH CKOPOCTSMH BHELIHSIS
000JI0uKa HarpeBaeTcst O TeMIeparyp, NpU KOTOPBIX 3a CYET TEIIOBOH
SHEPruu, NPUOOPETEHHOM ITPU a3POANHAMUYECKOM HarpeBe ¢ €€ BHyTpEeHHE!
TTOBEPXHOCTH, HAYMHAIOT BBUICTATh TOPSIYME 3JIEKTPOHBL. TO €cTh Ha TaHHOM
9Tane 3JIEKTPOHBI €CTh HOCHUTENM TeIUla WIH «OXJaJUTENn» BHEIIHEeH
000JI0YKH, KOTOpas SIBIAETCS KaroJoM. TakuM o00pa3oM, MPOUCXOIMT
JIEKTPOHHOE OXJIAXJCHWE BHEIIHEH OOOJIOUKHM W peamu3yeTcsl NPHHIWII
ATT3.

B pesynpraTe HpOBEAEHHBIX pacyeTOB ObUIO IIOJNYYEHO, YTO IHKOBOE
3HA4YEHHE HIJIEKTPUYECKONH MOIIHOCTH, T€HEpUpYyeMOH BO BpeMs paboThI
ATT3 nepenHeil KpOMKH OJHOTO KpbUIa NpH cmycke ¢ op6utsl ['JIA Tuna
Space Shuttle, mpeBocxomut 3HaueHwe B 150kBt mpu cpemnem KII/]
npeodpazoBanus B 8%.

B xome pacueta mpoM3BOAMNACH TAaKKE OLEHKA MaKCHUMaJIbHOM
TEeMITEpaTyphl, JOCTUTAEMOH OT/IEIFHBIMU yJacTKaMH BHEITHEH 000JI0YKU U3
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BOJIb(ppaMa, U BBIITOJHSJIOCH CPAaBHEHHE C HATPEBOM TOM e 000JIOYKH, HO B
orcytcTBuu ATT3. B pesynbraTe MakcUMaabHOE 3HAUEHHE TEMIIEpaTyphl B
KXl pacueTHbIH MOMEHT CITyCKa C OpOMTBHI OKa3aJoCh HaMHOTO HHXKE
AQHAJOTUYHBIX 3HaueHWH i1 KkpoMmku Oe3 ATT3. HamGonmpmias pasHuna
MexIy HuMH gocturaia ypous B 700°K, 4To rOBOPUT O BBICOKOH CTENEHH
spdextuBHOocTH TpuMeHeHHss ATT3 B cocraBe KpBUIATBIX CITyCKAaeMBIX
amnmnapaToB ¥ aBUAIIMOHHO-KOCMUYECKUX CPEJCTB BBIBEICHMHS.

BansiHue HachIleHUS YTJIEPOJHBIX HAHOTPYOOK B NMOJIMMEPHON MaTpuLe
MPH CO3AAHUM HAHOKOMITIO3UTOB
Komenes HO.H.
PKK «3neprus», r. Koponés

OnHUM U3 TIEPCTIEKTUBHBIX HAMPABICHUH Pa3BUTUS HAyKU U TEXHOJIOTUH,
kak B Poccum, Tak m 3a pyOe:KOM Ha CETOJHS SBISACTCS “UHIYCTPHS
MIOJIUMEPHBIX HAHOMAaTEPHAJIOB™.

B aBuanmoHHON W pakeTHO—KOCMHYECKOW OTpaciu CYLIECTBYET MHOTO
3a/a4, IMEIOIUX TIePBOOYEPETHOE 3HAUCHNE, HAIPUMEp, CHIDKCHHE O0IIei
Macchl KOHCTPYKIIMH, yMEHBIIEHHE pacxoja TOIUTMBA W IOBEIIICHHE
SKOHOMHYHOCTH JICTAIOIINX OOBEKTOB, YyBENWYEHHE WX IPOYHOCTH,
JOJTOBEYHOCTH, O€30MacHOCTH, KaJeHOapHOTO M padodero pecypcoB
SKCIUTyaTaIum.

[IpencraBnennas craThsi paccMaTpUBAeT WCTOPUIO BO3HUKHOBEHUS W
CTPYKTYpy yriiepoiaubix HanotpyOok (YHT), cBoiicTBa M HCHOJB30BaHHE
HAaHOKOMITO3UTOB

B 3axnrodeHuu aenaeTcst BBIBOJ, UTO ONTUMalbHas KoHIeHTpaus YHT B
momMepe, 00ecIeurnBaroIas MaKCUMAIBHBIC TPOYHOCTHBIC XapaKTCPUCTHKH
HAHOKOMIIO3HTA, JIJIS KaXJIOT0 KOHKPETHOTO BU/Ia HAHOYACTHUI] JOJDKHA OBITH
€IMHCTBCHHO BO3MOXKHOU ¥ OTIPENEIIeTCS OYeHb MaJbIM KOJHMYECTBOM — B
TIpeJeNiaX COThIX JOJIeH MpOoIeHTa

[NoBrITIeHNE MPOYHOCTHBIX XapPAKTEPHCTUK KOMITO3UIIOHHBIX MaTePHAIIOB
TIPH TTOMOIIY BBEACHUS B HUX HAHOYACTHUI] TIO3BOJIUT MPOJUIATH CPOK CITYKOBI
W3IENUAM, 3aMEHHTh  JOPOTOCTOSIIIME  METAJUIMYeCKHe  DIIEMEHTEHI,
TpeOyromIie MOCTOSTHHOW 3alllUTHI OT KOPPO3WH, a B HEKOTOPBIX CIIydasx
CTaHeT EeJIWHCTBEHHO BO3MOXHBIM BapHAaHTOM HW3TOTOBIEHHS HCXOIS U3
COOTHOIIIEHUS: TIEeHa—TIPOYHOCTb—Y/IEIbHBIN BEC — KOPPO3UOHHASI CTOUKOCTb.

Hcnosb30Banne aIropuTMa HAYaJAbLHBIX CUTHAJIOB A5 GopMUpOBaHUS
0e30macHOii TPaeKTOPUHU PaKeThl
IIpaBugno M.H., Ky3uenosa E.O.
T'ocMKbB «BremvMnen», r. MockBa

B mporecce pa3paboTkm pakeT Kiacca «BO3AYX-BO3IyX» HEOOXOIHMO
BBINOJIHUTh OHO W3 OCHOBHBIX TPEOOBaHMN — OOECHEeYeHHE TaKTHIECKOTO
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cTapra pakeThl 0e3 HaJO)KEHHWs OrPaHMYEHHH Ha pPEXHMBI caMoJeTa-
HOCHTEJI.

B pabore paccmarpuBaercst pa3paboTKa ainroputrMa (OPMHpPOBAHUS
HauaJIbHBIX CUTHAJIOB Ha OOpPTY CcaMoOJIeTa-HOCHUTENS, IepeaaBacMbIX B
WHEPIMAIBHYIO CHCTEMY YIPaBJIEHUS PaKeThl 10 HU(QPOBOH JMHHUM CBS3U.
[NepenaBaeMble HaYa bHBIE CHTHAIBI 00ECIICYHBAIOT:

NpeBapUTENbHOS OTKIOHEHHE pYJeil B KaHale KpeHa M B MPOJOJIBHBIX
KaHanax KoHTypa crabmmmzanun (KC);

(GbopMHpOBaHNE CHUTHAJAa HA CO3JaHHE IEPerpy3KH YBOJA B IPOJOJIBHBIX
kananax KC.

VYkazaHHBIE MEPONPHUATHA TIO3BOILIIOT  (HOpPMHUpPOBATE  0E30MMacHyIo
OTHOCHTENFHYIO TPAaeKTOPHIO OT/ENEHHS paKeThl OT CaMoJieTa, a TaKxkKe
CTa0MJIM3MPOBATh PaKeTy K MOMEHTY Hayajla HaBeJCHUS ee Ha Lelb.

[IpumeHeHne paccMaTpUBaeMOro alrOpUTMa JOJDKHO OBITh OCHOBAHO Ha
JIOCTOBEPHBIX CBEACHHUSIX 00 a’poAnHAMHUYECKHX HWHTEp(EepEeHINOHHBIX
CHJlax M MOMEHTaX, JEHCTBYIOIIMX B IPOIIECCE CTapTa Ha pakeTy BOIHM3H
caMmoJieTa-HOCUTEsl. B TpPOTHMBHOM ciy4ae 3allaHue IpeJBapHTENIbHBIX
OTKJIOHCHWH PYJIEBBIX IIOBEPXHOCTEH W MEperpy3oK yBOJa MOXKET OBITh
HEIOCTATOYHBIM, WM  JaXKe  Ype3MepHBIM Ui KOMIICHCALUH
UHTep(EPEHINOHHBIX BO3/ICHCTBUIl, B pe3yJabTaTe 4ero BO3MOXKHA IMOTEpPs
PaKeThl ¥ CaMOT0 HOCHTEJISL.

00 onTuMu3anuu GopMbl CBEPX3BYKOBBIX HeCylIUX KOHGHUTypanuii
MPHU UCHOJIb30BAHMM MOJIEJU H1eaJIbHOr0 ra3a
I'opmikoB A.b., Jlaneirun B.U., Muxanun B.A., Cazonosa T.B.,
®otonos .M.
IIHWMmam, r. Koponés

[lpy penieHMH BapHAIMOHHBIX 3a4ady ad’pOJMHAMHKH MaTeMaTHYecKas
MOJZENb B3aUMOJICHCTBHUS TOTOKA C MOBEPXHOCTBHIO Teja IOJDKHA OBITh Kak
JOCTaTOYHO MPOCTOM JUTS PealTH3allii UTEPAIIMOHHBIX YUCICHHBIX MPOLEIYP
ONITHMHM3AIIMH, TaK U JOCTATOYHO TOYHOH B ONIPEAEICHUH a3POIHHAMUYIECKHX
XapaKTepUCTUK  pacCMaTpHBaeMBIX  KoHurypaumid. Takas  Monenb
mpemiokeHa B pabore [1] m 3akmodaeTrcss B HCIONB30BAHUU (HOPMYI
KacaTeJIbHOro KIIMHA, HWCIOJB3YIOTCS HEW3BECTHblE mnapamerpbl k; (s
ko3¢ ¢unuenrta gainenust Cp>0) u k, (n1s koadduumenra gasiaenus Cp<0),
ompeenseMble 0 pe3ylbTaTaM OTPaHUYCHHOT'O YHCIAa PacyéToB OOTEeKaHWsA
XapakTepHBIX (POPM B paMKax MOJIEIH HI€AIBHOTO Tra3a.

OpHako Bcerga OCTalOTCA  BONPOCHL O  TOYHOCTH — ONpEeneHus
pacripefiesieHusl JaBJeHUs] 10 ITOBEPXHOCTH Tela, €ro a’spoJUHaAMHYECKUX
KO3 QHIMEHTaX U O CIPABEAIUBOCTHU IMOTYYSHHOTO PEILCHHUS.

C nmpyroii cTOpOHBI, UCIIOIB30BAHNE MOJIETH HJICaJbHOTO Ta3a B IpoIecce
ONITHMH3AIIMH CBS3aHO KaK C Ype3BBIYAIHON JUTUTEILHOCTBIO Pacu€ToB, TaK U
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C HEBO3MOXHOCTHIO MPUMEHCHHUSA YHNCIICHHBIX MCTOJO0B HWHTCTPHUPOBAHUA
ypaBHeHI/Iﬁ JABWKCHUA HUJCAJIBHOI'O I'a3a Npu IMPOU3BOJIBHOM BapbHPOBaHUUN
KOOPJMHAT TOYEK MOBEPXHOCTH Tella B MPOLIECCEe OMTHMH3AIHH.

B 3Toif cBA3M I YMCICHHOH peann3alid BapHAMOHHBIX METOJOB
ONTHMHM3AIMN A3POTUHAMUYECKOH (GOPMBI TeNna MpeIokKeHa MPoleaypa,
BKJIFOYAIOIIAst YEThIPE CTANM: ONTUMHU3AIUS (GOPMBI Teja C UCTIONBE30BaHUEM
(bopMyNT KacaTembHOTO KIWHA; ONpEICNICHUE paclpelelieHHs NaBiICHHS 10
MOBEPXHOCTH ONTHMAIBHOTO TeNa B paMKax MOJCNH HACAIbHOTO Tasa;
onpenenenre kod3GouumenToB ki; M kyj ana (i,)-bIX pacuéTHBIX fYeek Ha
NOBEPXHOCTH  Tella; IOBTOpHAas  ONTHMH3amMs  (GOpMBI  Tema ¢
UCHOJIb30BaHMEM (DOPMYII KacaTeNbHOro KInHa U KodpduuuenTos ki; u k.

IIpencraBnensl pe3yiabTaThl NPUMEHEHMS OIMCAHHOM INPOLEAYpPHl IIPU
ONTHMU3AIIMN KPBUIbEB TPEYrojbHOW (OPMBI B IUIaHE C 3aTyIUICHHBIMU
KPOMKaMH.

[IpoBemeHO CpaBHEHHE pACIpPEACIICHUI MJaBICHUS MO TMOBEPXHOCTH
ONTHUMAJBHOTO Tela, MOJNYYEHHBIX ¢ IPUMEHEHUEM OITHCAHHOMN MPOLeayphl 1
YHCIICHHOTO UHTErpUpoBaHus ypaBHeHui HaBbe-Crokca.

AHanu3upyeTcsi BIHMSHHE 3aTYIUICHHS HOCKa ¥ TEepeJHMX KPOMOK Ha
ONTHUMAJBHYIO GOPMY ¥ a3pOIMHAMUYECKOE KA4eCTBO.

Pabora  BemomHeHa ~ mpu  momuepxkke  Poccuwiickoro  Qonma
(dbyHmamMeHTanbHBIX necnenoBanmii (mpoekt 09-01-00171a).

Jluteparypa:

[1] V.I.Lapygin, A.Yu. Galaktionov, M.N. Kazakov, V.A.Mikhalin, D.M.
Fofonov. Trade-off of Aerodynamic Configuration for a Descent Vehicle.
Proceedings of the 2™ European Conference for Aerospace Sciences
(EUCASS), July 1-7, 2007, Brussels, Belgium.

TenaeHIMN MOBBILIEHUS HA/IE;KHOCTH M 3(peKTHBHOCTH NPUMEHEHUSI
ABAPUIHBIX PAIHOMASKOB Ha BO3AYLIHOM TpaHcnopTe Poccniickoii
®enepannm, B paMKax pa3BuUTHS CHCTEMBI BTOporo nokosenusi Kocnac-
Capcat n nepe4yHs nopy4eHuii npesuaenta Poccuiickoii ®@enepanun
JIo6oB A.A., Mopo3 C.M.

HUWMU KII, r. MockBa

Cucrema Kocmac-Capcar paspaboTanHasi JJIsi OTOBEIICHHS O O€ICTBHUH,
OOHApY)XEHHUsI W OIMPEACICHUS KOOPIUHAT MOPCKHUX CYJOB, CaMOJIETOB,
TepISIKX, OenCcTBHE B JIOOOH TOYKE 3E€MHOrO MIapa MO aBapUHBIM
CUTHAJIaM PATUOMASKOB OIpPEICIIeT MECTOIOJIOKEHIE aBapuu (HUCIONB3Ys
3¢ (deKT MOIIIEPOBCKOrO CIBHra YacTOTBI, C TOYHOCTHIO 70 | - 3 KM).
JloTOMHUTENBHO K HE3aBHUCHUMOMY OIPENIEIICHUIO MECTOIOJIOKEHUS aBapyuu
CUCTEMOW, paguoOMaskd B CBOEM aBapUHOM COOOIICHWH TepeaaroT
3aKOIMPOBAHHBIE JAHHBIE COJEPKAlINEe KOOPAMHATHI MECTOIOJOKEHUS
ompenenéauasie [ JIOHACC/GPS npuémankom ¢ TouHocThIO 10 30 M U
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pEerUCTpaliOHHbIE JIaHHBIE BIIAJENblAa pajuoOMaska, BKJIOYas HoMepa
MOPCKHUX CYIOB HJIH CAMOJIETOB.

B pamkax paszutust cucremsl Kocnac-Capcat 1 BBITOJHEHUS! TOPYUYESHUH
npe3uneHTa Poccuiickoit deaepanuu HEOOXOIMMO TMOBBICUTH HAIEKHOCTD
ABTOMAaTHUYECKOTO cpabaTbiBaHMs TPH aBHAIMOHHOM  IPOWCIIECTBUH,
COKpAaTUTh BpeMs BBIIAYM MEPBOTO CHTHaJa C Tepegadedl KOOpIHHAT
BO3YIIHOTO CYIHA M TIOBBIIICHHE TEXHUIECKOTO PECypCa CHCTEMBI.

B  mactosmee BpemMs 30Ha TOKPHITHS ~ HU3KOOPOWTAIbHOW |
TeoCTallMOHAPHOHN CIYTHUKOBOHM rpynmupoBku cucteMbl Kocmac-Capcar He
MIOJTHOCTBIO OXBATHIBAET MMOBEPXHOCTH 3eMIIH. Y CTAHOBKA PETPAHCIMPYIOMINX
YCTPOUCTB Ha cpemHeopOuTambHON rpymnmupoBke crmyTHHKOB ([JIOHACC,
GPS u GALILEO) nomkHO pemuTs npobiaeMy ri1o0anbHOro oxXBaTa 3eMHOU
TIOBEPXHOCTH.

Co3znaHue 1eMOHCTPAIHOHHOI0 MPOTOTHIA KOCMHYECKOI COJTHEeYHOI
ajekTpocTanunu (KCIC) momnocthio 100 kBT
Paiikynos I'.I'., MensHukoB B.M.
IIH1Mmam, r. Koponés

B nocnennue roasl ¢ BCE€ BO3pacTarome 0CTpOTOH BO BCEM MHpE, B TOM
yrcie u B Poccun, BCTalOT IMpOOIEMbl 3HEPTETHYECKOTO M SKOJIOTMIECKOTO
KpHU3HCOB, a TaKkKe mpobjemMa ynpaBieHUS MOTOMO0H. DPPEKTUBHBIM ITyTEM
pELIeHUs] 3THX MpoOIEeM SBISETCA CO3JaHHE KOCMUYECKHX COJIHEUHBIX
anektpocTanimii (KCOC) mis TpaHCHAUMU DIEKTPOIHEPTHH HAa3eMHBIM
NOTPEOUTENSIM M JJEKTPOCHAOKEHHsT B  TEPCIEKTHBE JHEPrOEMKUX
MIPOU3BOJICTB B KOCMOCE.

B CIIIA xoomepamnust B coctaBe Jlokxun-Maptun, bounr, JPL, Ilentpa
Mapmiamna, Ilentpa I'menHa, a Takke psiia YHUBEPCUTETOB, IJIAHUPYET
co3nath kommepueckyro KCOC ruraBartHOro ypoBHs Kk 2016r. s
OTKPBITHSI PBIHKA «KOCMHYECKOTO 3JeKTpudecTBa». Kurtalhi HamepeH
y4acTBOBAaTh B 3TOM pBIHKE. ['pynma SIOHCKHX KOPHOpaluid BO TJIaBe C
Mitsubishi Corporation miaaupyet moctpouts aHanormgayto KCIC k 2025r.
B pamkax mpoekrta Solarbird. O6mas crommocte KCOC onenmBaercs B 24
MIIpA. 01. ABapuu cpa3y Ha 3-X aTOMHBIX SIIIOHCKHX JJEKTPOCTAHIMAX B
mapte 2011r. UHHIUUPOBAIM POCT BHUMAHUS OOIICCTBEHHOCTH U
npaBUTenbCTBa K pazpadotke KCOC He Tonbko B SImoHMH, HO M B APYTUX
crpanax. Kopest u crpansl EBpocoro3a y4acTByroT B mpodieme.

Bpemss u ¢QunaHCOBBIE 3aTparhl, HeoOXomumble miasi co3manuss KCOC
THraBaTTHOTO KJlacca, ONPEIeISIFOTCsl BBIOOpOM OOIIeii cXeMBbl, DIeMEHTHON
0a30if, HalMYMeM ONbBITa CO3/aHMS KIIOYEBBIX O3JEMEHTOB, HAYYHO-
TEXHHYECKHM 3aJeJIOM IO HHUM, a Takke 3(QEKTHBHOCTHIO IO3TAITHOTO
nogxona k co3mannio KCOC. IlosTamHOCTE 3aKiI0YaeTcsd B CO3JaHHH
nporotunoB KCOC ¢ mocnenoBaTebHO BO3pacTalOMIed pa3MEPHOCTBIO JUIS
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MOJTBEP KJICHHUsI MPHUHATHIX peIleHHH W Habopa OmbITa MO MX pealn3alliy.
[pexncraBnsiercst nenecooOpa3HbIM, Kak 3TO MPHHATO B SIMOHWU, NPOBECTH
0TpabOTKy CHavaja Ha 3emye ycTpoicTB Ha MomHOocTh 1-10 kBT, 3aTem B
kocMoce nocnenoarensHo Ha 10 kBT, 100 kBt u 1-10 MBT ¢ Tpancnsauuei
SHEpPruu Ha 3eMIIio.

Ipennaraemenii Ilpoekt pemaer 3amady cosganus npototuna KCOC
MomHocTei0 100 kBT m wucmome3yer B kauectBe 0Oa3zoBoro KA TI'K
«IIporpeccy.

[ensMu poekTa SBISIOTCS:

® CO3/aHME HAYYHO-TEXHWYECKOTO M TEXHOJIOTMYECKOTO 3aJelioB B
o0JlacTH KOCMHMYECKOM CONHEYHOM JSHEPreTHKH UIs CO3JaHus B
nepcriektiBe KCOC ruraBatTHOrO Kiacca Kak S(GQEKTUBHOTO MYTH
pemieHus mpoOIeM rI106aJbHOr0 SHEPreTHYEeCKOr0 M IKOJIOTHYECKOTo
KPHU3UCOB U YIPaBJICHUS TOT010M;

e CO3/1aHMe MHHOBAIIMOHHBIX IPOIYKTOB;

® TIOATOTOBKA K BXOXKICHUIO B MEXAYHAPOJHBIN PBIHOK «KOCMUYECKOIO
JJIEKTPUIECTBAY.

e Pemraemple 3a7a4n IpoeKTa:

pa3paboTka, M3rOoTOBJIEHUE, Ha3eMHas OTPabOTKa M BBIBOJ B KOCMOC
npototuma KCOC;

o tpancisanus CBY-curaana n3 KocMoca Ha Ha3eMHYIO PEKTCHHY.
PesynpraTamu npoexra OyayT:

® pa3BUTHE  YHUKAIBHOTO  POCCHIICKOTO  OMbITa B  CO3AAHUU

OeckapKacHbBIX [EHTPOOEKHBIX KPYIMHOra0apUTHBIX KOHCTPYKLWH st

camwkenns croumoctn KCIC, ymobcTBa HazeMHON M opOuTanbHOU

OTpabOTKH, BO3MOXKHOCTH  YIpaBJICHHsS B  IIPOCTPAHCTBE Ha

THPOCKOMUYECKOM MPUHIIUIIE;

® TPHUJIOKEHHE HIIEMEHTHON 0a3bl COBPEMEHHOW CHIIOBOW AJIEKTPOHHUKH U
paauoIoKaMoHHOM TexHuKH K 3agadam KCIC;

® KAyeCTBCHHOE  TOBBIMICHHE  (YHKIMOHAIBHBIX  BO3MOXKHOCTEH
KOCMHYECKHX CpEJCTB HOBOTO TIIOKOJEHHUS, B TOM YHCIE IS
SKCTIeauIUH Ha Mapc, TyHHBIX 0a3 u ap.;

® HOBBIE TEXHOJOTHH, B TOM YHCIE aBTOMAaTH3UPOBAHHOE PACKPHITHE

KpYIHOTaOapUTHBIX LIEHTPOOSKHBIX KOHCTPYKIMI Ha opOute u

ynpasienuss CBU-1y4oM ¢ HOMOIIBIO TUJIOT CUTHAJIA C PEKTEHHBI.
OxoHyaHue npoekTa miaanupyercs Ha 2016 T.
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CHuzkeHHe Beca 00pTOBOM Ka0eIbHOM ceTH KOCMHYECKHX alllapaToB H
pakeT-HOCHTeJIei
Muxaiinos B.A.
3aBox «Yysarkabensy, T. Yebokcapsl

DnekTpudeckas ceTh JIA mpeacTaBiseT coO00M CIIOKHYIO Pa3BETBICHHYIO
CHCTEMY, COJIEp)KaIlyl0 OOJBIIOE KOJIMYECTBO IIPOBOJIOB, OOIIas IJIMHA
KOTOPBIX MOXET JIOCTHraTh HECKOJBKHX COT KujomeTpoB. Jlist pakert-
HocuTenerd 3To MoxeT coctaBisitk 10 30 % ot Beca u3genusa. Takoe
KOJIMYECTBO JKIYTOB NPUBOIUT K POCTY TPYIOEMKOCTH IPOEKTHPOBAHUS,
W3TOTOBJICHWST W MOHTaXa OJJeKTpudyeckoil cerun. Hanpumep, s
coBpemeHHBIX JIA oHa cocrtaBmser B cpemHeM 20-25% ot oOmei
TPYLOEMKOCTH.

TakuM 00pa3oM, BBITEKa€T HEOOXOAMMOCTh HE IPOCTO CHIDKCHHUS Beca
KabenpHOW OOPTOBOIl CEeTH, a CHM)KEHHE Beca 0e3 MOoTepb B HAleKHOCTU U
(YHKIIMOHATBHOCTH WU3CIIHH.

O0JeruyeHHbIe 3KpaHbl U 3PPEKTUBHOCTD MX SKPAHUPOBAHHMSI.

B mHacrosmmee BpeMsi Ha pBIHKE Mpeaiaraercss JOCTaTOYHO OoJbIast
HOMEHKJIaTypa oOuyierdeHHbIX (o cpaBHenuio ¢ [IMJI TY 4833-002-
08558606-95) murerenok. [1pu Bcex mpeuMyIIecTBaX OOJCTYCHHBIX TUIETCHOK
mo cpaBHeHmoo ¢ IIMJI mo wMmacce, ocTaercsi OTKPBITBIM BONPOC IO
3¢ QeKTUBHOCTH MX OSKpaHupoBaHUs. OCHOBHBIM TpeOOBaHHEM IO
9KPaHHPOBAHMIO 3aJI0KECHHBIM B HOPMAaTHUBHBIX JOKyMEHTaX Ha Kabemu n
mpoBona (I'OCT, OCT, OTY) sBisercs TpeOoBaHHE [0 MHHHMAIBHOU
IoTHOCTH omuieTkn (He MeHee 70 %). DPQPEeKTUBHOCTH IKPaHMPOBAHMS
obecrieunBaeMasl BHIIIOJIHEHHEM JIaHHOTO TPeOOBaHMS CHIILHO pa3iiMyacTcs B
3aBUCHMOCTH OT BHAa KabempbHOro wu3zmenus. Ilpy 3TOM  KaxKabld
NPOU3BOJIUTEN IUIETEHOK MPEOCTABIIET CBOU JaHHbIE M0 () (GEKTUBHOCTH
skpanupoBanus. Paszpaboranneie OAO «3aBox «YyBamkaOensy IUICTCHKH
mapku [IMJI-0,06 TY 16.K05-045-2011 He ycrymator mo 3¢ ¢GeKTHBHOCTH
sKpaHupoBaHusl miereHkaM mapku [IMJI TY 4833-002-08558606-95, npu
9TOM JIeTde TOYTH B 2 pa3a M HE yCTYIAIOT MM II0 CTOMKOCTH K BHEIITHUM
BO3/ICHCTBYIONIMM (paKTOpaM.

OKP  «AmomMuHHI» - pa3paboTKa TpOBOJa  MOHT@KHOTO  C
KOMOWHUPOBAHHOM M30JIALNEH ¢ 00IETrYeHHBIM SKPaHOM

ITpoBoma MOHTa)KHbIE HW3KOBOJIGTHBIE MPEIHA3HAYEHBI IJISI BHYTPEHHETO
MOHTa)Ka 3JIEKTPUYECKHX IPHOOPOB M PaJHO3IEKTPOHHOW ammapaTypsl U
paboTel npu Hanpsbkenun 250 B mepemenHoro toka yactoTel 10 10000 I'ip
umu 350 B mocrostHHOroO TOKa U TeMneparype ot muayc 150 mo mroc 200 °C.

OKP «Hanpskenue» - pa3pa0oTka TpOBOAa  MOHT@XHOIO  C
KOMOMHHPOBaHHOH H30JisiMell Ha Hanpsbkenne 380 B.

[TpoBoxa nmpenHa3HAaYEHB! AJIS TTOJBMXKHOTO M (PUKCMPOBAHHOTO MOHTa)Ka
BHYTPUOJIOYHBIX, MEXOJIOYHBIX, BHYTPUIPHOOPHBIX M MEXIPUOOPHBIX
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COCIMHEHUN B  OJNEKTPOHHBIX W  DJIEKTPUUECKHX YCTPOHCTBaX Ha
HOMHHAJIbHOE TepeMeHHoe HampshkeHue 380 B uacroroit mo 10 xI'm u
MOCTOsSIHHOE Hamnpsikenue 550 B.

JlanHass cepus  TPOBOJOB TpPH  COXPAaHCHHH  MacCOTa0apUTHBIX
XapakTepucTuk mpoBoaoB Tuna MK 26-14 mo3BosisitoT mepenaBaTh TOKHU
OOJBIIEH TUTOTHOCTH 3a CUET MTOBBIMICHHUS pabovero HarpsHKEHS.

AHAJIN3 KOHCTPYKTHBHO-TEXHOJIOTHYECKHUX PelIeHH i CKJIAbIBAIOIIMXCS
pYJieii ¢ yueToM TpeGOBaHUIl a3POYyNPYroi yCTOiYMBOCTH
Henenun B.I'.

MAMWU, r. MockBa

OmHMM M3 BO3MOXKHBIX OTPaHWYEHUH, HAKJIQABIBAEMbIX Ha KOHCTPYKIIHIO
A3pPOAMHAMUYECKOTO pyJsl, SsBISETCS CHOCOO0 cTapra OecnuIOTHOTO
neratensHoro ammnapara (BJIA), B yacTHOCTH, KOHTEHHEpHBIH cIOCOO cTapTa
BJIA Kkmacca  «IIOBEPXHOCTH-BO3AYX»  0OOyCaBIMBaeT  MpHUMEHEHHE
CKIaapIBatomuxcss pyieid. Kpome Toro, B 3apyOexxHol mureparype
HEOJHOKPATHO BBICKA3bIBAJIMCH WAEH CO3AHUS JIETATENBHBIX AlIapaToB C
WN3MCHAEMBIMH TE€OMETPHUYCCKHMH pa3MepaMH Ul CO3MaHHS Ha KaXIOM
ydJacTKe I1oJieTa Hanoosee oNnTHMalbHON KOH(UTypannm.

ITpu pemennu 3a1a4u CTPYKTYpPHO-TIAPAMETPUIECKON ONTHMHU3AIUHU PYIIS
W3BECTHBIMH CYHTAIOTCSA: BHEUIHAS TI'€OMETPHS, YCIOBHUS 3aKpEeIUICHHS K
koprmycy bBJIA, pacueTHble pEXUMBI T0N€Ta, (PYHKIMOHAIBHBIE U
KOHCTPYKTHUBHO-TEXHOJIOTMYECKHIE OTpaHUueHHs. B cirydae mpoekTHpoBaHus
CKJIAJBIBAIONIETOCS  pyNsd TPHU  OMNpelNeNeHHH BHENIHEH TIeoMeTpuu
HEOOXOJMMO YyYecTh HaJIMYMEe MeXaHW3Ma CKiajasiBaHus. Ha orame
OTBICKAHMsI d3TaJloHHOTO Teopernyeckoro pemeHus (OTP) HeoOxoammo
BbIpa0boTaTh Pl TPeOOBaHMH, NMPEIBABISIEMBIX K ATOMY MEXaHH3My. Takum
obpazom, TP Oyner mpencraBisiTh cO00 HE TOIBKO ONTHMAIBHBIN 3aKOH
pacripefielieHust Macchl, HO W TIiepedeHb TpeOOBaHM, HallaraeMblX Ha
MeXaHM3M CKJIaapBaHus. Ha crnemyromeM stane HeoOXoauMo chopMHUpoBaTh
MHO>KECTBO KOHCTPYKTHBHO-TEXHOJOTUYECKUX peleHnit (KTP),
YIOBIETBOPSIOMHKX TpeOOBaHMWIO PabOTOCTIOCOOHOCTH KOHCTPYKLUUH |
TpeOOBaHUAM, IPEIBABISIEMBIM K MEXaHU3MY CKJIaAbIBaHus. PopMupoBaHue
anpTepHaTHBHBIX KTP MOXeT mpoucXomuTh Kak Onarogapsi UCIOJIb30BAHUIO
Pa3IMYHBIX MEXaHU3MOB CKJIQABIBAHUS IPU HEU3MEHHBIX TEXHOJIOTHYECKUX
XapaKkTepUCTHKAaX  caMUX pyJedl, Tak © TyTeM  BapbUPOBaHUA
TEXHOJIOTHYECKUX XapaKTepUCTUK Bcex cocraBmaommx. W3 Bcex KTP
BbIOMparoTcst Hambosnee Onm3kme mo macce k OTP. Onum moasepratorcs
JanbHeime npopaborke, a BeIOop Hammyumero KTP ocHoBbiBaercs Ha
MHTETrpajbHOM OLICHKE CBOMCTB Ka)KIOTO BapHaHTa.

JUii  nccnenoBaHWS — adpoOyNpyroil  yCTOHYMBOCTH — KOHCTPYKIIMH
CKJIQIBIBAIOIIETOCS] Pyl BO3MOXKHO NPHMEHEHHE ABYX ITOJXOJIOB: aHAIIN3
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KoJe0aHUH COCTaBHBIX YacTel C MOCIEeNYIOIUM OOBEIMHEHHUEM HX B Ooiee
CIIOXKHYI0 MOJIENIb WJIM CO3JaHHE€ MOJEIH HeCKIaJblBaroleiics pyist c
NIPUBEICHHBIMU XapaKTePUCTUKAMH, TIOBEAEHUE KOTOPOrO COOTBETCTBOBAJIO
Obl TIOBEAEHMIO CKJIAJAbIBAatOIIEHCs pyns. PemmB 3agady onpeneneHus
MIPUBE/ICHHBIX ~XapaKTEPUCTHK, MOXKHO TIONBITaThCsS BBIPAOOTATH  psiX
JOTIOJTHUTENBHBIX OTPaHWYEHHH Ha TapaMeTpbl CKJIAABIBAIOIICHCS Py,
KOTOpBhIE, B CBOIO OdYepeab, MOXKHO HCIOJIb30BaTh HA JTare BHIOOpa
pammonanmsHOro KTP. Takmm o00pa3oM BO3MOXXKHO Y4YeCTh BIHSHUE
xapaktepucTuk kaxzaoro KTP pyns Ha ero aspoynpyryto ycToiM4uBOCTb.

Hcnonb30BaHue TeXHOJOTMH HATYYBHBIX TOPMO3HBIX YCTPOHCTB B
KOHCTPYKIHHU cIIycKaeMbIX annapatos. CoBpeMeHHOe COCTOSIHHE H
NepPCHeKTHBbI PA3BUTHSA
AnexcamkuH C.H., Octpemko b.A., ITnuxanze K.M.

HIIO um.C.A. JlaBoukuHa, T. XUMKH

3HAYUTENPHOE KOJIMYECTBO KOCMHUYESCKHX HAYYHBIX IKCICIHUIMN BKIOYACT
MOCaJIKy Ha IMOBEPXHOCTH HEOECHBIX Tel ¢ aTMocdepoit. OCHOBHOM 3a1aueit
aTMOC(EpHOrO y4YacTKa JBHDKCHHUSI CIYCKAaeMOro ammapara SBISeTCs
CHIDKGHHE THUIEP3BYKOBBIX CKOpPOCTEH Ha Bxome B atmocdepy 10
JOMYCTUMBIX TIOCAJI0YHBIX BEJIMYMH. PaccMaTpHBaeMblil 3Tal SBISETCS
OMHMM U3 HauboJee OTBETCTBEHHBIX, IIOCKOJIBKY XapaKTepH3yeTcs
OOJIBIINMH JMHAMUYECKUMU M TEIUIOBBIMU HArpy3KamH, JCHCTBYIOLIMMHU Ha
KOHCTPYKIIMIO, U B ClTy4yae Heylauu BeJeT K rHOelH anmapara.

OCHOBHYIO Harpy3ky €O CTOPOHBI HaOeraromero MmoToka, BOCIPHHUMAET
moboBoit 3kpaH (JID) cmyckaemoro ammapara. B Hacrosimee Bpems
HCMOJIB3YIOTCS  TIOJTHOCTHIO  JKECTKHE JI00OBbIe 9KpaHbl. [locamouHblie
CKOPOCTH TaKHWX alllapaToB, IPH HCIOJNB30BAHUH IOMONHHTEIBHBIX
YCTPOMCTB, TaKMX KaK MapallioT, HAXOMATCS B HANa30He JOMYyCTUMbIX
MOCAI0YHBIX cKOpocTel. OMHAKO, IS CITYCKa OTHOCUTENHHO OOJBIIMX Macc
MOJIC3HOW HAarpy3kd TpeOyercs TNpUMeHeHHe xecTtkux JID  Oonbiimx
rabapuToOB U MHOTOKACKAHBIX MApAIIOTHBIX CHCTeM. B maHHO# cuTyanun
AIPTEPHATHBOM MOTYT CIYXUTh CIIyCKaeMbIe amrmaparbl C HaJayBHBIMU
topmo3HbIME ycTpoiictBamu (HTY) B cocraBe KOHCTPYKIMH JIOOOBOTO
skpaHa. [lomoOHbIe ammaparbl ObUTH BIepBblE pa3pabOTaHbl U UCIBITAHBI B
HIIO mm. C.A.JIaBoukuHa.

B HacrosimeM JokJajge TMpecTaBieH KpaTKui 0030p pa3pabOTaHHBIX
9KCMIEPHMEHTATIBHBIX aIMapaToB C HaAyBHBIM TOPMO3HBIM YCTPOWCTBOM,
KOTOpO€ TIPEJCTaBIISIET COOOM MATKYIO, HAIlOJNHIEMYIO Ta3oM, O0OJIOUKY.
PaccMmoTpeHnbl kak ammapaTbl pa3paboTaHHble W u3rorosieHHbie HIIO um.
C.A.JIaBouKuHa, TaK ¥ ammnapaTbl HHOCTPAHHOTO MPOU3BOICTRA.
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PaccMoTpeHbl ipenMyIecTBa U HEJOCTATKH allapaToB paccMaTpuBaeMoi
KOHCTpyKIMH B cpaBHeHUHM ¢ CA C TOJIHOCTHIO >KECTKUMHU JIOOOBBIMHU
SKpaHaMU U JIOTIOJHUTEIbHBIMU CPEICTBAMU TOPMOKEHUSI.

[IpuBonsaTcs npuMepbl NepCreKTUBHOTO ucnoib3oBanuss HTY B kauecTBe
CPEICTBa TOPMOXCHHS IIOJIC3HOW HArpy3Kd B atMocdepe pa3InIHbIX
HeOecHBIX Tel. [lokazaHo, 9TO TpU TOJHKHOM YPOBHE PAa3BHUTHS, alllapaThl C
HAJyBHBIMU TOPMO3HBIMHU YCTPOUCTBAMH CIIOCOOHBI PEIIUTH PsI aKTyalTbHBIX
3a/a4 CIycka M TOPMOXKECHHS B aTMOcdepe.

OnTHMa/ILHBIA Nepexo/] CIyTHUKA ¢ OHOM OpPOMTHI HA APYIYIO C y4eTOM
Hed(p(PeKTUBHBIX 3aTPAT TONJIMBA
ITeraukosa E.A.
MAMW, r. MockBa

PaccmatpuBaeTcs 3ajmaya mepexosa KOCMHYECKOTO armapara ¢ HHU3KOM
KpyroBoi opobutsl Ha reocranuonapayo (I'CO). B [1] Obu1a mocraBnena n
pemieHa 3agada 00  ONTUMAJBHBIX  IUIOCKUX  IIEpexojax  MExay
IUIMNTHYECKUMH KOMITTaHApHBIMH OopOuTaMu. Eciin BEMMUUHY TATH CUMTATh
OTPAaHWYEHHOH, TO pEIIeHHe 3a7ayd aNIPOKCUMHPYETCS 3JIEMEHTaMH
MIOCIIEIOBATENEHOCTH, COCTOSIINMH M3 JBYX CHCTEM AaKTHBHBIX y4YacTKOB:
BKJIFOUEHHE JBUTATENs C MAKCUMAJIbHOM TATOH B OKPECTHOCTH MEPUIIEHTPOB
U cepHs arolEeHTPHUYECKUX aKTHBHBIX y4acTKoB 10 Bbixoma Ha ['CO. Uem
KOpOYE IPOMEXYTOK pabOThl IBHUIaTeNsl TPH KaXIOM BKIIOYCHUH, TEM
OoJibllle TaKUX BKIIOUEHHH HEOOXOAMMO CclieNlaTh, OJHAKO OOIINE 3aTpaThl
TOIUIMBA TPH 3TOM YMEHBIIAOTCA. B mpenene mnosdydaeM OECKOHEUHYIO
IOCIIE0BATENFHOCTh UMITYJILCHBIX BKJIIOYEHHH JIBHTATElNsl C MaKCUMAaJIbHOU
TSTOH B OKPECTHOCTSIX MEPUIIEHTPOB M AllOLEHTPOB, TIPH 3TOM 001Iee BpeMs
CTa0WM3alliM  HEOTpaHMYEHHO Bo3pacraeT. Pasymeercs, dYTo 3TO
yIpaBleHHE, TPAKTUIECKH HE peaJu3yeMoe, SBISIeTCS aOCTpaKTHBIM
pemieHneM, TOKa3bIBAIOMIMM  IIpENEeNbHBIE  BO3MOXHOCTH  (9KOHOMHH
TOTLITNBA).

IIpennaraercst paccmMaTpuBaTh 3aJady B KIACCE JIOTHKO-IUHAMHYECKHX
cucteM (JIJIC) [2], yumThIBasg, 9TO KaKJO€ BKIIOYEHHE pPEAKTUBHOTO
JOBUTATENII OT €ro 3amycka JO JOCTHKEHHS MAaKCUMAalbHOW TATH
npefcTaBasieT  co0OW  HEMTHOBEHHBIM — TMEPEXOAHBIA  Ipolece U
COIPOBOXKIAETCS HEI(PPEKTHBHBIM pPacxoioM Tomiuea. JloOaBiss B
KPHUTEPUI Ka4ecTBa COOTBETCTBYOIIHE MITpa(HBIEC cliaraeMble 3a BKIIOUECHHE
(v BBIKJIIOYEHHWE) IBUraTeNs, MOJy4aeM 3aaady, B KOTOPOH ompejensercs
ONTHMaNbHOE (KOHEYHOE) KOJHMYECTBO 3allyCKOB JBUraTeis. Takas
MOCTaHOBKA 33j1auy ONMkKe K TNpaKTHUKe, YeM KlacCHueckuid BapuaHT. Ha
OCHOBE HeoOXomuMbIX ycnoBui omrtumanbHOocTH JIZIC  paspaborana
METOAMKa MPUOIMKEHHOTO pElIeHus. Pe3ysbTaTsl pacyeToB MOKa3asld, 9TO
TIPY 33/1aHHOM BPEMEHH OKOHYAHMS B KIIACCHYECKOH mocTaHoBke [1], T.e. 6e3
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yueta Hed(h(GEKTHBHBIX 3aTpaT TOIUIMBA, ONTHMAJIBHBIN Mpolecc uMeeT 18
aKTUBHBIX y49acTKoB. Pemas 3amauy B xiacce JIZIC, T.e. mpenmomnaras, 4ro Ha
KaXIOM aKTHBHOM YydYacTke 5% TorumBa pacxomyercsi Hed(pdeKTHBHO,
MoJlyyaeM ONTHMAJbHBIM mpomecc ¢ 6 aKkTUBHBIMU yuyacTkamu. Pacxon
TorumBa Oe3 ydera HeI(PQEKTUBHBIX 3aTpaT TOIUIMBA HE3HAYUTENHHO
MIPEBOCXOANT PAcXo]] TOIUIMBA, MOJMYYEHHBIH IIpH pEUNICHHH 3aJaddl B
KJ1accHuecKoi moctanoBke. OHAKO, €ClIM B 00€MX MOCTAaHOBKAX YUHUTHIBATh
Hea(p(eKTHBHBIA pacxox, TO SKoHOMHsA TommBa B kimacce JIJIC, mo
CPaBHEHHIO C KJIACCHYECKUM BapHaHTOM COCTaBisieT Ooee 1 T.

Jluteparypa

1. T'ypman B.J. BripokaeHHbBIE 331290 ONTHMAIBHOTO yIIpaBIeHHs. — M.:
Hayxa, 1977.

2. bopraxoeckmii A.C. HeoOxoauMele yCIOBHS ONTUMAIBHOCTH
yIpaBJIeHUs JOTUKO-IMHaMu4eckuMu cucremamu // U3sectust PAH. Teopus
u cucteMsl ynpasieHus, 2007, Ne6. DxcniepTHOE

OnepatuBHblii ceTeBoii MOHUTOPUHT 'VIOHACC B UAILl ®I'YII
IHUNmam
IInaronos C.A., I'moros B./I.
IIHNMMmaw, r. Koponés.

B  nmoxmame mpencraBiena cucrema MoHmTopumHra [JIOHACC,
¢yakumorupytomast B MuadopmarmonHo-anamutrdeckoM 1ertpe (MALL)
KOOPJAWHATHO-BPEMEHHOTO ¥  HaBHTalMOHHOTO obecmeuenus DIYII
IIHNWma.

IIpencraBnenHas cucreMa BBHIMONHSIET omnepaTuBHbIM MoHuTOpUHT ['THCC
I''IOHACC 1o cern crannuid. CeTb 00pa3oBaHa W3 CTaHIMA, BXOISIIUX B
cocraB cereit CJIKM, IGS, TRIGNET, EUREF. Koudwurypamus cern
obecreunBaeT TII00ANBHOE TIOKPHITHE 3eMIM 30HaMH BuaumMoctd KA
I''IOHACC, 4T0 n03BOMISIET BBITOIHATh HENPEPHIBHBI MOHUTOPUHT KaXI0r0
CIyTHHKA TPaKTHYeCKA B PEXHME pealbHOr0 BpeMeHH. VICXOTHBIMH
JAHHBIMH JUTSI MOHUTOPUHTA SBISTIOTCS HaOmoaerus ciryTHukoB I JIOHACC,
BEITIOTHEHHBIE HA CTAHIUSAX CETH, & IMEHHO: KOJOBbIC M3MEpeHus (Ha IBYX
YacTOTax, MO0 CTAHJAPTHOMY W TOYHOMY KOJY) M ONEpaTHUBHBIE d(heMepUIbI.
IIpuém ucxomHbIX HaHHBIX ocymecTBiseTcss depe3 NTRIP-cepsepa. Dto
MO3BOJISICT TMOJIyYaTh JAaHHBIC B PEKHME, OJM3KOM K PeaIbHOMY BpPEMEHU
(3amepxka — okojo 1-3 cexyHn).

KonTpompyeMbIiMu TapaMeTpaMu B MOHUTOPUHTE SBIISIFOTCS

e HaJW4Ke PaJMOHABUTAILIMOHHOTO CUTHAJIA;

® HaJIWYME ONCPATUBHBIX A(eMEPU/I U MPU3HAK PUTOTHOCTH;

e DOKBHBaJCHTHas Moib30Bareibckas omuoOka namsHOCTH UERE (User
Equivalent Range Error) — omm0ka KOJZOBBIX H3MEPEHUH IS KaXKIOTO
ciyTHHKa (Beramcisercs o usmepenisiv Cl, P1, P2).
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KoHTpons maHHBIX MapaMeTpoB MO3BOJSET ONEPATUBHO BBISBIATH COOU B
paboTe CIIyTHUKOB, INTaTHbIE M HEINTaTHbIE M3MEHEHHS COCTaBa
opbutanpHoil TpynmupoBkd (OI). Mudopmanus o coctossann KA u OI
I''IOHACC B onepaTHBHOM peXHMe TPEICTABISETCS BCEM MOTPEOUTENSIM Ha
caiite ALl KBHO (http://glonass-iac.ru/).

Kpome TOro, B peanbHOM BpeMEHHM ISl KaXIOW CTaHIUH HETPEPHIBHO
pemiaercst KOOPAWHATHO-BPEMEHHasl 3ajada aOCONIOTHBIM METOJIOM, YTO
TIO3BOJISICT OLIEHHUTH VTS KXKAOTO MPUEMHHIKA TaKHUE TTapaMeTPhl Kak:

- IpeAebHast OTPEITHOCT MECTOONIPEICIICHHS;

- CKO ompeneneHust KOOpAUHAT W MOMpPaBKU dacoB mpuémHmka Kk UTC
(SU);

- GDOP, PDOP, TDOP.

OneHka JaHHBIX IApaMETPOB  MO3BOJSIET  OLIEHUTh  TOYHOCTHBIE
xapakrepuctuku cuctemMsl [ JIOHACC ams mmpokoro kpyra moib3oBaTeneii,
B TOM YHCJIE€ — IIPH UCIIOJIb30BAaHUU NMPUEMHUKOB Pa3IMYHBIX MOIU(PUKAIIN
JUIA Pa3HBIX PETHOHOB 3€MIIH.

IIpencraBnsemas cuctema MoOHHTOpuUHTa BHeApeHa B MAIL OI'VII
[MHMWmam, mo3BosieT HEeNpepbIBHO KOHTPOJIUPOBATH COCTOSHHE CHCTEMBI
I''IOHACC n obecnieunBaTh MH(GYOPMALMOHHYIO HOAJIEPXKKY MOTpeOnuTenen
JAHHBIMU O TEKyLIMX napaMmerpax HaBurauuoHHoro noss ['JIOHACC.

HayuHo-MeTonn4yecKkuii annapaTt OleHKH TEXHUYECKOT0 COCTOSTHUS 1
0e30MacHOCTH IKCIUTYaTAIIMU arPeraToB MOABUKHOI0 TEXHOJIOTHYECKOr0
000py/10BaHHUA HA3eMHBIX KOMILJIEKCOB MPH MPOJIEHHU CPOKOB MX
IKCILTYaTALMH
CmzanoB A.B., CoBa A.H.

H2HKMH, Kb «Motop», MAJIU, r. Mocka

B CcOBpeMEHHBIX YCIOBHSX AaKTyaJdbHBIM SBJISETCS NPOJJICHHE CPOKOB
9KCIUTyaTallMd arperaTtoB IOJBIKHOTO TEXHOJOTHYECKOTO O000pyIOBaHHSA
Ha3eMHBIX KOMIUIEKCOB.

ITpn 3TOM mHOBBIIIAETCS 3HAYUMOCTH PA3PEIICHHUS MPOTUBOPEUHS MEXKIY
HEOOXOIMMOCTBIO OOOCHOBAaHHOTO TIPOJJICHUS CPOKOB  OKCIITyaTallu
arperaroB  IOJABI)KHOTO TEXHOJIOTHYECKOTO OOOPYIOBAaHUS HAa3EMHBIX
KOMIUIEKCOB C YYE€TOM HX TEXHHYECKOTO COCTOSHUS W 0€30IacCHOCTH
9KCIUTyaTallil M OTCYTCTBHEM HAy4YHO OOOCHOBAHHOTO W pa3pabOTaHHOTO
Hay4YHO-METOJMYECKOro ammapaTa OLEHKHM TEXHHYECKOTO COCTOSIHHA U
0e301acHOi OSKCIUTyaTalldd arperaroB IOJBI)KHOTO TEXHOJOTMYECKOTO
00Opy/lIOBaHUsI ~ HAa3eMHBIX  KOMIUIEKCOB IIpU  NPOJUIEHHMH  CPOKOB
SKCIUTyaTaluH.

C 1menpi0 pa3penieHuss yKa3aHHOTO IPOTHBOPEYHS OBUIM TIOydYCHBI
CJIeTyIOIIE HAyIHbIE PE3yIbTATHI:
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1) MaTeMaTuycCKas MOACJIb BepOHTHOCTI/I HaX0XIACHUA KpI/ITI/I‘{HOFO
JJIeMEHTa  arperata IOJBKMXKHOIO  TEXHOJOTMYECKOrO  00OpyIOBaHHS
HA3eMHOT'0 KOMILJICKCA B COCTOSIHUH C TIPEANOCHUTKON K MPOUCIICCTBHIO;

2) MaTeMaTHUeCKas MOJENb TOKa3arens Oe30MacHOW AKCIUTyaTalliu
arperaToB MOJBM)KHOTO TEXHOJIOTHYECKOTO OO0OpYJOBaHHS HA3EMHOIO
KOMILJIEKCA TPH MPOJJICHHH CPOKOB CIYXOBI B TOCIIErapaHTHITHOM MEpHOJIe
IKCILUTyaTaI|H;

3) MaTemMaTHdeckass ~ MOJETb  [OKas3aTesis  HAJACKHOCTH  arperara
MOJIBIDKHOTO TEXHOJIOTHYECKOT0 000pYJOBaHHSI HA3€MHOTO KOMILIEKCA MPH
MIPOJIICHUH CPOKOB CITY>KOBI B IOCJIErapaHTUIHOM MEPHO/IE IKCILTyaTallnH;

4) MeTOIMKa OIEHKH TEXHHUYECKOTO COCTOSHUS W 0€30MacHOCTH
3KCHHyaTaHI/II/I arpeFaTOB IIOABMXKHOTO TEXHOJIOTMYCCKOIo O60py}IOBaHI/Iﬂ
HA3EMHOI'0 KOMIUIEKCA C MPOICHHBIMH CPOKaMH IKCIUTyaTallly;

5) MeTonuKa HEpa3pyIIAIOIIer0 KOHTPOJII TEXHHYECKOTO COCTOSHHS
METAJUIOKOHCTPYKITUH arperaToB MO ABUKHOT'O TEXHOJIOTUYECKOTO
00OpyIOBaHUS ~ HA3€MHOTO  KOMIDIEKCA TPH  TMPOJUICHUH  CPOKOB
JKCIUTyaTalluHy,;

6) MpaKTUYECKHE MPEIOKEHUSI 0 (POPMHUPOBAHHIO CIIOCOOOB M CPEICTB
MOHUTOPUHTa  TEXHUYECKOrO  COCTOSIHUSI ~ arperaToB  MOABHKHOTO
TEXHOJIOTHYECKOT0 000pPYIOBaHHS HA3EMHOTO KOMILIEKCA C TMPOJICHHBIMU
CPOKaMH SKCILTYaTaI|H.

Peanu3anust mony4eHHbBIX pe3yIbTaTOB MO3BOJISET COKPATUTH PACXOIBI TIPH
TPOAJICHUN CPOKOB IKCIUTyaTaIuH arperaToB ITOJBHKHOTO
TEXHOJIOTHYECKOTO 00OpYJOBaHHMS HA3EMHBIX KOMIUIEKCOB C YYETOM
0COOEHHOCTEH MX COBMECTHOrO ()YHKIIMOHHPOBAaHHUS B COCTaBE HA3eMHBIX
KOMIUIEKCOB B TMOCJCTApaHTHHHOM TIEPHOAC U TMPHU3HAKOB MPEIEITHHO
JIOITYCTUMBIX COCTOSIHHI KPUTHYHBIX 3JICMEHTOB UX KOHCTPYKIIUI.

LeHTpoOeKkHbIH MaJIOradapuUTHbIN pa3aeuTeb I CUCTEM
pereHepanum BOAbl HA KOCMHYeCKOi CTAHIIMU
Bob6e JI.C., Kuproxun A.B., Cmupuos A 1O., Peixios H.B., Conoyxun B.A.
HWHNxummari, . Mockaa,
Amnppeitayk I1.0.
PKK «3ueprus», r. Koposes

OpHOW M3 OCHOBHBIX TEXHHYECKUX IpOOIeM paboThl pereHepaljMOHHBIX
CHCTEM BOJOOOECICYCHUS SIBISETCS HEOOXOOMMOCTh pasienieHus: (a3 ras-
KHUAKOCTh B YCIIOBHSIX HEBECOMOCTH. JKHMAKOCTH B CHCTEMBI pereHepaluu
BOJbI TPAHCIOPTUPYETCS BO3AYXOM. B CBA3M C TeM, YTO B YCIOBHSAX
HEBECOMOCTH OTCYTCTBYET IPaBUTAIIMOHHBIH MEXaHU3M pasfeseHus (a3 ras-
KUAKOCTh, TIPH CEMApalid JKUAKOCTH W3 Ta30KHAKOCTHOTO IIOTOKA
HCIIONB3YIOTCS CHJIBI MMOBEPXHOCTHOTO HATSDKEHHS U MHCPLUHOHHBIC CHIIBL.
Bribop MeTona cemapanyd 3aBHCHT OT PAcXoja ra30ikKHUAKOCTHOTO MOTOKA,
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COOTHOIIIEHHS (a3, CBOHCTB JKUIKOCTH U LIEJIEBOI0 HA3HAYCHUS OTIEISIeMOi
KHUAKOCTH. Tak Kak B CHCTEMax pereHepani BOJBl TEXHOJOTMYECKHE
MIPOILIECCH] OCYIIECTBISIIOTCS B JKUIKOW (hase, HE0OXOIUMO, KakK IPaBUIIO,
MOJIHOE  OTJAENEHUEe OKUIKOCTH OT Ta3a. B  Jokmame paccMOTpeH
MasiorabapuTHBIH IIEHTPOOEKHBIH pa3zienuTenb. [a30KUIKOCTHAas CcMech
MOCTYIaeT B ammapaT W 3aKpy4nBaeTcs 3a cueT cui TpeHws. OraeneHHas
KHUIKOCTh IepeMeIIaeTcss 3a C4YeT [EHTPOOEXKHBIX CWJI B 30HY
MaKCHUMAaJIFHOTO paanyca M o00pa3yeT JKHAKOCTHOE KOJbIO. 3a CYer
N30BITOYHOTO JAaBJICHUS BO3ZHHUKAIOUIETO B LEHTPOOEKHOM IIOJIE, XKUAKOCTh
BEIBOOUTCA W3 ammapara (HampuMmep, YepHakoBBIM HacocoMm). [a3
OCBOOOXK/IAETCSI OT XKHUIKOCTH, BBIBOJMUTCS M3 aliapaTa 4epe3 HEHTPAIbHYIO
MOJIOCTb.

IIpoBeneH ruApoAMHAaMUYECKMI  pacyeT  ammnapara, I[pPeIJIoKEHbI
YCTPOHCTBA BBIBOJA OTCENAPUPOBAHHOW JKUIKOCTH M3 pa3feNuTeNs WU
TIPUBE/ICHBl PE3yJIbTaThl JTA0OPATOPHBIX HMCHBITAHUH pa3/eNUuTeNsl C 3TUMHU
YCTPONCTBAMH B peXMMaxX NMEPUOANYECKON MOJauu Ta30’KMIKOCTHONH cMecH
Y HETIPEphIBHOM MOJa4X )KUJKOCTHU C BKJIIOUEHUSIMH BO3yXa.

Pazgenurtens mpHHHMAaeT MOTOK C pacxoJoM Bo3ayxa A0 10 /MuH H
conepxanneM B motoke ot 0 go 100% u ¢ pacxomoM >KHAKOCTH A0 65 1/4
TIpH 9acToTe BpameHus poropa 1500 o6/MuH u pacxomoM KUAKocTH 10 80
/49 ipu 2000 o6/muH. CiauB OTCEeNapUpOBAHHOHN JKUAKOCTH 0€3 BO3AYIIHBIX
BKIIFOUEHHH OOECIICUMBAETCS 3IEKTPOMArHUTHBIM KIIAlaHOM, OTKPBITHE M
3aKpBITHE KOTOPOTO YIIpaBIsAeTCsa JaTYUKaMH AaBJICHUS, KOHTPOJIUPYIOUUMHU
YPOBEHB JKUIKOCTH B pasjeinuTese. JHepronorpedienue pasaenutens 20 Bt
npu yactore BpauieHus poropa 1500 06/muH u 26 Bt ipu 2000 06/muH.

00 ocodenHocTAX TMHAMUKH cOamkeHnii KA ¢ pparmentamn
KOCMHY€CKOro Mycopa B 00J1aCTH TeoCTalHOHAPHBIX OPOUT
WBanos B.M., Coxonos H.JI., 3axapos [L.A.
IIH1Mmam, r. Kopones

W3BecTHO, 4TO TmOMyIsIUMsl KOCMHYECKOTO Mycopa B  00JacTH
reoctannoHapHbeix opout (I'CO) cocraBisier okono 1,5 ThIC. 0OBEKTOB, UTO
MIPEICTABISET YTPO3y CTOIKHOBEHNUS C KocMIYecKiuMH ammaparamu (KA).

B nacrosimee Bpemst Ha ['CO geiictByer rpynmupoBka KA pa3zmuyHbIX
rocyaapct. C 2011 rona ¢GyHKIMOHUPYET POCCUICKUI CYTHUK «JIEKTPO-
JI».

Ipennonaraercs, uto KA mpopabotaer 10 met, cHaOXass POCCHUICKUX H
3apyOeXHBIX TOTpeOHTeNle MaHHBIMH JUIl aHaJIM3a W TPOTHO3a IOTOIbI,
KOHTPOJISl YpE3BBIYANHBIX CUTYaIMii, MOHUTOPHHTA KIIMMaTa U OKpY Karouen
Cpenbl U T.JI.

[IpornosupoBanue U BBIIBICHNE OnacHbIX commxennii KA ¢ ¢pparmenramu
KOCMHUYECKOTO MYCOpa OCYIIECTBIISIETCS CPEACTBAMH aBTOMAaTH3MPOBAaHHON
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CHUCTEMBl TpPEIYNpeXAeHUs 00 OMAaCHBIX CHUTyallusX B OKOJO3EMHOM
kocmuyeckoM mpoctparctBe (ACIIOC OKII) npu romoBrod pomm LIYII
IHWMmar.

AHanu3 5BOJIIOIMU JIBIDKEHHS HEYNPaBISIEMBIX KOCMHUYECKHX OOBEKTOB
(KO) B obmactu I'CO mo3BOJsIET BBISBUTH CJEAYIOIINE OCOOCHHOCTH
W3MEHEHHs NapaMeTpoB OpOUTHI 1Mo BpeMeHH. [1ockobKy reocTanoHapHast
opOuTaIbHAs IUIOCKOCTH HE COBHAIAET C IUIOCKOCTIMH opOuT 3emun 1 JIyHBI,
TPaBUTAIIMOHHBIE CHJBI 3TUX TEN JEHCTBYIOT TakuM 00pa3oM, dYTOOBI
nepemectuth KO ¢ MX 3KBAaTOPHAIBHBIX OPOHT, MOCTETIEHHO YBEIHMUYMBAs
opbuTanbHOE HaKJIOHEHHE OOBEKTOB. B CBiI3M ¢ HEKpyroroil (opmoi
3eMHOro 5kBaTopa dacTb KO MeIyieHHO mepeMernarTcs K OJHOM M3 ABYX
TOYEK yCTOMYMBOIO paBHOBECHS BJOJIb D3KBaTopa. B pesymnbraTe
OCYILECTBIIACTCS BOCTOYHO-3amaqHast tuoparums (apeiid Brepen u Hazan) KO
OTHOCHUTENIBHO 3THX TOYEK W BO3HHMKAET OMACHOCTh MX CTOJKHOBEHHUS C
JPYTUMU re0CTallHOHAPHBIMU CITyTHUKAMH.

VYuuThIBass BBISBICHHBIE OCOOCHHOCTH OBUIM OIPEIETICHbl OCHOBHBIE
rapameTpsl JTHOPAllMOHHOTO JBW)KEHHS Pa3IM4YHbIX TeocTanuoHapHbx KO,
TIPEACTABISIONINX OMACHOCTh CTOJNKHOBEHHH ¢ KA ¥ HoTydeH JoiToCpOYHbINA
nporHo3 commxenns KO ¢ KA «Qnextpo-JI».

[IpoBeneHHBIE MCCIEAOBAHUS TIO3BOJIIIOT CAENAThH CIENYIOIINE OCHOBHBIE
BBIBOJIBL:

- ms KO, mpetidpyromux B obmactu ['CO pa3paboTaHBl aHATUTHYECKHE
3aBUCHMOCTH pacueTa CpeIHeCYTO4YHOro Npeiida u JoNroT NoACHyTHHKOBBIX
TOYEK OOBEKTOB;

- HECMOTps Ha JOCTaTOYHO Oojbimoe kojudecTBO KO, uMeromux
TEOPETUYECKYI0 BO3MOXKHOCTh CTONKHOBeHHs ¢ KA «Onekrtpo-JI», yuer
MIPOTHO3a WX [BMXKEHUS MO3BOJAIOT ONPENEINUTh OPUEHTHPOBOUYHBIE IATHI
OTIACHBIX COJMKEHHUIA,

- TIOKa3aHo, YTO C sHBaps Mo OKTA0ph 2011 roma 3aperucTprpOBaHO JIUIIH
onno commkenne KA «39nekrpo-JI» ¢ KO Ha paccrostane oxoio 50 kM.

AHAJIN3 CJI0KHBIX cXeM noJieTa kK CaTypHy ¢ HCIIOJIb30BaHUEM
TPAaBUTAIIMOHHBIX MAHEBPOB H HMIYJIbCOB CKOPOCTH B IJIy00KOM
KocMoce
Koncrantunos M.C., Mun Telin
MAMWU, r. MockBa

Wpmest TpaBUTAllMOHHOTO MaHEBpa pealu3oBaHa Yyxke JnaBHO. Ho
UCIIOJIb30BAHUE TOJBKO O3TOH HJAEM BO MHOTHX CIIydasX HE MO3BOJISET
BBIMOJIHUTh ~ JHEPreTHUECKH  CIOKHBIE  MEXKIIAHETHBIE  KOCMHYECKHE
MaHeBpbl. [10 3Toi NpUYUHE B HACTOSINEEe BPEeMsi aKTUBHO aHAIU3UPYETCS
BO3MOXKHOCTh HCIIOJIb30BAHUS JIOTIONHUTENBHBIX HMITYJIBCOB CKOPOCTH B
ry0OKOM  KOCMOCE  COBMECTHO C  HCIOJNB30BaHHEM  aKTHBHBIX
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TpaBUTAllMOHHBIX MAaHEBPOB. 3aMeTUM, 4To B Tmpoekre «Kaccunuy
UCIIOJIb30BAJIMCH UMITYJILCBI CKOPOCTH B IITyOOKOM KOCMOCE.

B nanHoI1 paboTe aHaMU3UPYIOTCS CIOKHBIE CXeMBbI TTosieTa K CaTypHy AiIst
OMmDKalIIMX OKOH 3aIlyCKa C MCIOJIb30BaHUEM IPaBUTAIIOHHBIX MaHEBPOB U
JIOTIOJTHUTEJIBHBIX HMITYJIbCOB CKOPOCTH B TiyOOoKOoM Kocmoce. [Ipu atom
uccuexyemMas —TpaHCIOpPTHAs 3amada  Qopmymupyercss Kak — 3amada
0e3ycnoBHOH MHMHUMH3AIMK (YHKIUH OOJBIIOr0 4YHCIa IEPEMEHHBIX.
MuHUMH3HpYEMBIM (YHKIIMOHAIOM 33Jadd PacCMaTPHBACTCS CYMMAapHBINA
HMIYJbC CKOPOCTH, obecneunBaromuii oTiier KA ot 3eMnn u Bce akTHBHEIC
MaHEBpHI, Kak B IIIyOOKOM KOCMOCE, TaK M B OKPECTHOCTH IUIAHETHI
Ha3HA4YeHUs] W TIpH TPAaBUTALMOHHBIX MaHeBpax. Jlara crapra, Bpems
nepejiecra OT IJIaHEThl K IUIAHETE, MOMECHTBI BPEMCHH OCYHICCTBJICHUA
UMITyJIbCOB CKOPOCTH B TJyOOKOM KOCMOCE MW, HAKOHeEll, KOMIIOHEHTBHI
BEKTOPOB THUIEPOOIMYECKUX HW30BITKOB CKOPOCTH OTJETa OT IUIAHeT
paccMaTpuBalOTCs BBHIOMpPAEMBIMU TapaMeTPaMH ONTUMH3MPYEMOH CXEeMEI
oJiera.

Just pemieHust  cOpPMYJIMPOBAaHHOW  ONTUMHM3ALMOHHOW  3a/auu
WCIIONIB3YIOTCSl METOIBI TJ00anbHON (METOA pos YacTHI) M JIOKaJbHOU
(mocnenoBaTeNbHOE KBAaAPAaTHYHOE IPOTPAMMHPOBAHME) ONTHMH3ALHH.
ONTUMH3HPYIOTCS YETHIPE CIOKHBIE CXEMBI rojieta K CaTypHy:

e 3ems — FOmutep — CatypHs;

e 3emis — Mapc — FOmmrep — Caryps;

e 3emus — Benepa — 3emis — IOnurep — CatypH;

e 3emus — Benepa — Benepa — 3emiist — FOmurep — CatypH.

HpOBOI[I/ITCH CpaBHI/ITeHBHbIﬁ aHaJIn3 ONTHUMHU3HUPOBAHHLIX CXEM II0JICTA.
BriOpana Hammyumas n3 cxeM. sl 3TOH CXeMbl HPEICTaBIEHbl OCHOBHBIE
XapaKTEepPUCTHKU TPAEKTOPHH.

IlepcneKTUBBI MCNOJIL30BAHUSA COTHEYHOM JHEPIruM JJIsl CO3AAHUS
BbICOTHBIX 0€eCIIMJIOTHBIX CaAMOJIE€TOB
Tpodmmenko A.IT.
Kb «IOxHoey, . JlHenmponeTpoBcK, YKpanHa

[epBrrit moner camonera Sunrise 1 Ha conMHEYHBIX OaTapesx 4 HOSOPS
1974 roma 3acTaBMi co3jaTeneil OECHMIOTHOM aBHALIMOHHOM TEXHHUKH
O6paTI/ITI> BHUMaHHE€ Ha HOBBIM MCTOYHHK OHEPIruu Jid  ABUXKCHUSA
a3pPOAMHAMUYECKHX JIETAaTEIbHBIX armapaToB — tyud ConHua. B otnmuaune ot
TPaAWIMOHHBIX JIBUTATeJIed BHYTPEHHETO CrOpaHHs, MOIIHOCTh (Tsra)
KOTOPBIX yMEHBIIAETCS C YBEIMYEHHEM BBICOTHI II0JIETa IPUMEPHO
MPOMOPLUHOHANBHO TUIOTHOCTH aTtMoc(ephl, IOCTYHalmas K CaMoJeTy
COJTHEYHAsI PHEPTUsl BO3PACTACT C YBEIMYCHHEM BBICOTHI TOJIETa, TOCTHIas
MakcHMyMa Ha OOJBLIMX BBICOTAaX, IPH ITOM TaKXKe YiIydllaeTcs ee
CIIEKTPaJbHBIL cOCTaB. OTH OCOOCHHOCTH OTKPBIBAIN II€PCIIEKTHBEI
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CO3JJaHUSl adPOJMHAMHUYECKHUX JIETATEJbHBIX aIlllapaToB Ui JJIHTENbHBIX
IOJICTOB Ha OONBIIEH BHICOTE, 4YeM MOIJH O0ECIeYUTh CaMOJEeTHl ¢
TPaAUIOHHBIMH JIBUTATEISIMU BHYTPEHHETO CTOPaHMSI.

[Iporpecc B Takux 0OJACTSAX TEXHUKH Kak (OTOIIEKTPUIECKHUE
peoOpa3oBaTeNy COJHEYHOH SHEPTUH, HOBBIE MaTE€pHANbl, aKKyMYJSTOPHI
SNIEKTPOIHEPTHH,  OCCKOJUICKTOPHBIC  3JEKTPOIBUTATENH,  MO3BOJHII
CYIIECTBEHHO YIYYIIUTh TEXHHYCCKHE XApaKTEPUCTHKH CaMOJICTOB Ha
COJTHEYHBIX OaTapesix.

B nokmaze npuBeneHB OCHOBHBIE TPeOOBaHMS, NPEIBABISEMBIE K
BBICOTHBIM CaMoOJIeTaM Ha COJIHEYHBIX OaTapesX, pe3yibTaThl pacdeToB
3aBUCUMOCTH TpeOyeMoil Harpy3kd Ha KpbUIO OT BBICOTHI MOJIETa IPH
Pa3MYHBIX 3HAYCHUSX YAEITbHOW MOIIHOCTH COJHEYHBIX Oarapeil, CKopoCTH
noJsera.

Ha ocHoBe aHanu3a BIMSHHMS XapaKTEPUCTUK OCHOBHBIX arperatoB
caMoJieTa Ha ero JISTHO-TEXHUYECKHE TaHHbIE M MPOTHO3a MX YIy4IIeHHs B
Ompkaiiniem OynaymieM OOpHCOBaH OOJHMK IEPCHEKTUBHOTO ammapara Ha
COJIHEYHBIX OaTapesix.

O cnenaJdu3NPOBAHHOM NMPOrPAMMHOM KOMILJIEKCE JJIsI
MO/IeJIMPOBAHNS M OLeHKH 3(p(PeKTHBHOCTH 1e1eBOTr0
(pyHKIMOHMPOBAHMSI KOCMHYECKHX CHCTEM JUCTAHIMOHHOIO
30H/IMPOBAHUS 3eMJIH
Ycosuk,W.B., lapHonsix B.B.

MAMW, r. MockBa

B Hacrosmiee Bpemsl pH pelIeHUH 3a7ad MPOSKTHPOBAHUS KOCMHYECKUX
CHCTEM JUCTAaHIMOHHOTO 30HAMpoBaHus 3emiu (/133) HeoOxoammo
YUUTBHIBATh OOJBIIOE KOJMYECTBO PA3NUYHBIX OTPAaHWYEHHH, CBS3aHHBIX C
0aJUTUCTUYECKUM  TIOCTPOCHHEM OpPOHTANBHON TPYNIUPOBKH  CHCTEMBL,
nmapaMeTpamMu OOpPTOBOHM ammapaTypsl KocMudeckux ammapatoB (KA), a
TaK)Ke Pa3IMYHBIMU 3asBKaMH, MOCTYIAIOIMME B CHCTEMY Ha peaH3aluIo.
Jus  BbIOOpa ONTHMAaNBbHBIX MApaMEeTpOB MOCTpoeHHs cuctemsl 133
HEOOXOIMMO NPOBOIAMTH KOMIUICKCHBIH IapaMeTpUYecKuil aHaiu3 ee
LeneBoro (pyHKIMOHUPOBAHUSA, Ul 4Yero TpedyeTcs CHelHalu3upOBaHHOE
IpoTrpaMMHOE oOecTiedeHue.

Llens moknama — mpe3eHTalMs IPOrPaMMHOIO KOMIUIEKCa, TIO3BOJIAIONIETO
NPOBOJNTh MOJICIMPOBAHME Ipoliecca UeJeBOro  (yHKIMOHHPOBAHHMS
KocMuuecko cuctemsl JI33 u oneHuBath ee 3(h(HEeKTHBHOCTD MO OHOMY U3
ToKa3aresyield, BEIOpaHHOMY B KaueCTBE KpUTEpHs MpeArnoyTreHus. B obmem
cllydyae napaMeTpU4ecKuil aHanu3 QyHKIMOHUPOBaHUS cucTeMbl J[33 MoxHO
MPOBECTH Ha OCHOBE PE3YJIbTATOB PEIICHHUS CIICAYIOIINX 3a1a:

1) amanmsa sBomonnu opoutr KA, TO3BONSIOMEro cHeiaTh BEIBOIBI O
BEKOBBIX YXOJaxX Ka)KI0i OpOUTHI Ha JIUTEIbHBIX HHTEPBAJAX BPEMCHH;
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2) aHanHM3a MEPUOTUYHOCTH MOKPHITHSA 30HaMU 0030pa 6OpTOBOIL IeneBoi
anmapatypbl KA paszauuHBIX 3€MHBIX TEpPHUTOPHUI, BKIIOYAs U JIOKAIBHBIE
00BEKTHI, TaK Ha3bIBAEMOH MEPUOANIHOCTH HAOIIOCHUSL.

JAns pemieHnst yka3aHHbIX 33/1a9 B IPOTPaMMHOM KOMIUIEKCE peali30BaHbl
YHCIIEHHO aHAJIMTHYECKHE MOZeH sBomonn opour KA u mMuTanmoHHas
MOJIeNTb OpOWTANbHOTO JBIKEHHS KA B OCKYIHMPYIOIMX 3JIE€MEHTax M
neneBoro  (yHKIMOHMPOBAHMS  BCEH  OpPOMTANBHOH  TPYNIIMPOBKH,
TTO3BOJISIOIIAS TPOBOJNUTE pacyeT MEePHOINIHOCTH HAOIIOICHHSI.

B noknane naHo omnmcaHue Mopsiika paboThl ¢ IPOrPaMMHBIM KOMILIEKCOM
Ha MPHUMEpE PELICHUs] MOJIEIBHON 3a/aui NMPUMEHHUTEIHHO K OpOUTAIBHON
rpymmupoBke u3 4 KA /133, pacnonoXeHHBIX Ha OTHON opOute (O6Mm3Kas K
KpyroBoii, Oonbmas nomyocb — 7080 kM, HakioHenue — 98,4 rpamyca,
J0JITOTa BOCXO/IAIIET0 y31a -
0 rpamycoB), pasHeceHHbIX Ha 90 TpaxycoB IO apryMeHTy IIMPOTH U
OCHAII[CHHBIX THIIEPCIIEKTPOMETpaMH ¢ yriioM o63opa B 10 rpaxycoB. AHanu3
9BOJIOLMHM OpOMWTHI IIOKa3aj, YTO HAa HWHTEpBale BO3MOXXHOTO aKTHBHOTO
(YHKIIMOHMPOBAHHUS CUCTEMBI €€ BHICOTa HE yMEHbIIaeTcs, Oojee yeM Ha 60
kM. Ilapamerpuueckuii aHanmmM3 MENEBOTO (YHKIIMOHHPOBAHUS CHCTEMBI
MOKa3aJ, dTO HccleayeMass opOWTambHas TPYMIIUPOBKA  MO3BOJSET
HaOmMromaTh HE peke, 4eM OIWH pa3 B JIBOE CYyTOK Ha TeppuTopuu Poccun
pa3IudYHBIE MPOIIECCH B HAUP, C IMEPHOIUYHOCTHIO B Y4 oOpamenus KA mo
opOwurte. [lomydeHHbIe pe3ynbTaThl B JOKIAJE IPEACTABICHBI H 00CYKICHBI.

Jlokiax TOArOTOBIEH €  HCHOJIB30BAaHUEM  DE3YNbTaTOB  HAay4HBIX
UCCJIeJIOBaHNH, TPOBOAMMBIX aBTOpaMHU IpH Hoaepkke Poccuiickoro gonna
(dbyHnameHTaNBHBIX HccnenoBanuii (rpant Ne 11-08-01278-a).

IMepcriekTHBBI HCCJIEA0BAHNS MIaHETHI BeHephI ¢ MOMOIIBI0
BO3YXOILIABATEIbHBIX aNMIAPATOB HOBBIX CXEM
VYusaros B.1., YuBarora B.II.

HITO um. C. A. JIaBoukuna, r. Xumkn; MAU, r. MockBa

Ilupoxuii  nuama3oH  MapaMETPOB,  XapaKTEPU3YIOLIUMX  CBOMCTBA
aTMoc(epsl IIaHeThl BeHepa n pedTHHT Hay4HBIX 337ad, PeTJIAMEHTHPYET,
KaK TPOCKTHBIC DPEIICHHS PEaTbHBIX HANpPABICHUH HCCIEJOBaHMH, Tak U
COOTBETCTBYIOIIMH TIOA0Op MAaTepHaloOB JUIS CO3/IaHHS YHUKAJIBHBIX
BO3/lyXOIUIaBaTEJIbHBIX aMapaToB - a9POCTATOB.

ITo pesynpTaram O0OCYXIEHHS HAyYHBIX MPOOJIEM OCHOBHBIE Hay4HBIE
HMHTEpeCHl NMPOrpaMMBbl HCCIEJOBAHUN IJIAHETH! CBSI3aHBl C U3yUEHHEM, TaK
Ha3bIBAEMOM,  «CYNMEpUUPKYSIIuK» € arMocepsl U BapHalUsIMA
XMMHYECKOTO COCTaBa aTMOC(epHI 10 BHICOTE.

Hcxonst w3 5STUX TOCTaBIEHHBIX 3a1ad HCCIIENOBAaHUS, HanOoiee
ONITIMAJIEHBIM MTPEACTABIISETCS:
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- HCIIOJIb30BaHHE OJIMHOYHBIX a’pOCTAaTOB Aper(yIomMX B AMAa3oHe
BI)I6paHHBIX BBICOT, CXCMAaTHYHO BBbIIIOJIHCHHEIC, b0 Kak aspocTarbl C
000JI09KaMH CBEpXIaBJICHNUS, TMO0 KaK a3poCTaThl, CHa0)KEHHBIE CHCTEMaMH,
o0ecrieunBaONIMMU  CTAaOMIM3alMI0 10 BBICOTE Jpeiida 3a cuéT cxem ¢
WCIIOJIb30BaHMEM  OaJUTacTHOW  JKMAKOCTH  (kuakocteil) ¢ (a3oBbIM
MIePEX0IOM IIPU TeMIIepaTypax B 30HE CTaOMIM3aLUH BRICOTHI apeiida;

- HWCIOJB30BaHHE TPYNIBl MAIBIX  PaJHalOHHBIX  a3pPOCTATOB,
CHAOXEHHBIX ~ dNEMEHTaMH Uil  (QUKCAllMd WX  IPOCTPAHCTBEHHOTO
MTONIOKEHHS (adpPOCTaThl MOTYT OBITH CHAOKEHBI PaZHOOTPAKATEIIMU HIIH
panuoMasikaMu).

Jlns nuamasoHa BBICOT ¢ Temmeparypamu cpeasl 10 150°C moryT Gbith
HCII0JIB30BaHbl TPAAWUIHMOHHBIC MaTCpUabl, a JJId BBICOT C TEMIIEpaTypaMu
okpyxaromeii cpemsl 10 450°C 0607104Ka a9pOCTaTa TOIDKHA BEIOTHITHCS H3
TeHHOCTOﬁKHX, HO HETPAAWMIHUOHHBIX MaTCpUAJIOB TUIIA «KAITOH», c60p1<a
M3ZenMid M3 KOTOPOTO  CBf3aHa C  HEKOTOPBIMH  INpoOieMamu
TEXHOJIOTUYECKOTO XapakTepa.

Hawubonee mepcneKTHBHBIME SIBIISIOTCSI, TaK Ha3blBaeMble, paJMalliOHHbIE
a3pOCTaThl, OJJHAKO OTCYESCTBEHHBII OIBIT CO3J[aHMS TAKUX alllapaToB BeChMa
OTpaHUYCH.

HanéxHOCTh, MpOCTOTa M OYEHb  NPOAOIDKHTENLHOE  BpEeMs
(YHKUIMOHHMPOBAaHHS  PAJUALMOHHOTO  a’pocTara  «KOMIIEHCHUPYIOTCS»
CIIO)KHOCTBIO TEIUIOBBIX PacdyéToB, HEOOXOANMOCTHIO MMETh HH(OPMALHIO O
MMPOCTPAHCTBECHHBIX PAaAWAlMOHHBIX TCIIOBBIX IOTOKAaX B 30HE nouéra u
paAuaIOHHBIX XapaKTEepUCTUKAX (MOTJIOIIEHHS, IPOIYCKaHHUs U OTPaXKEHHUs)
MaTepHaIOB 000JIOUKH.

KomriekcHoe pemieHne 3aja4  CO3MaHMS PaJHAllIOHHOTO a’pocTara
JOIDKHO BKJIIOYaTh B Ce0sl ONTHUMHU3AIMIO (OPMBI KYIOJa-000NOYKH M
BEIOOpa COOTHOILIECHHUS MOJBEMHOM CHIIBI a3pOCTaTa M BEJWYMHBI MOJE3HOU
Harpy3KH.

O HeKOTOPBIX CBOCTBAX ONTHMAJbHBIX 3aAMKHYTHIX MAPIIPYTOB MOJIE€Ta
JIETKOT'0 caMoJ1eTa ¢ y4eTOM MPOrHo3a BeTpa
®am C.K., Moucees /I.B.
MAMWU, r. MockBa

AxTuBHas pa3pabOTKa M ITUPOKOE HCIOJIBb30BAaHUE JIETKUX CaMOJIETOB,
MOTOJIENITAIUIAHOB W JIETKMX OECHHMJIOTHHKOB OOYCIIaBIMBAaE€T WHTEpEC K
3aja4yaM  (OPMHUpPOBAaHMS ONTHMAJIBHBIX MapUIpyTOB TIOJNIETa  TaKWX
anmapaToB. B WacTHOCTH, IpeAcTaBiseT WHTEpEC 3ahada ONTHMAIbHOTO B
TOM, WJIM MHOM CMBICJIE O0JIeTa TPYyMIbl TOYEYHBIX OOBEKTOB C M3BECTHBIM
MECTOIIOJIOKEHHEM 110 3aMKHYTOMY MapHIpyTy. TpakTOBKa TaKOH 3aadn Kak
3amaud KoMMUBOsDKepa u3BecTHa [1]. OcoOeHHOCTRIO 0OCyXmaeMol B
JOKJaJe TIOCTAaHOBKH SIBIISETCS HEOOXOIMMOCTh ydeTa BETPa, MOCKOIBbKY
BO3AYyIIHAs CKOPOCTh  PACCMaTPUBAEMBIX  allllApaTOB  CPABHHUTEIHHO
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HeBeNuKa. B pesymbraTe, MO ONTHUMAJbHBIM peIIEHHEM 3aJadd
MapUIpyTU3aIUH [T0JIeTa KaK 3aaud KOMMHUBOSDKEPa IOHUMAETCs 3aMKHYTHIN
MapHIpyT, CBS3BIBAIOIIMIA HaOOp TOYEK C M3BECTHBIM MECTOIOJIOKEHHEM U
COOTBETCTBYIOIMY MHHUMAJIBHOW NPOJOKUTENBHOCTH TIOJNETa C Y4eTOM
MIPOTHO3a BETpa 10 MapupyTy.

JUii  NerKux JIeTaTeNnbHBIX — anmapaTtoB  XapakTepHbl CPaBHHUTEIBHO
HeOOJBIION pafuyc NEHCTBUS W HEMPOJODKUTENBHBIN 10 BPEMEHH IOJIET.
3TO MO3BOJIAET UCIIONH30BAaTh B Ka4eCTBE IMPOTHOCTHYECKOM MOJAENH BETpa
TakOW ee MpOCTEHIIMI BapuaHT, KOIZJa HalpaBlIE€HUE U CKOPOCTh BETpa
MOJIarafoTCsl TOCTOSIHHBIMHM [UII  BCEH 30HBI M BpPEMEHH IIOJIeTa U
COOTBETCTBYIOIINMH XapaKTEPUCTUKAM BETPa B TOUKE CTapTa.

EcrecTBeHHBII MHTEpEC IPEACTABIAET BOIPOC O TOM, B KakoW Mepe
ONTUMAJIFHOE pelIeHHe 3aJauyd MapLIIpyTH3allid YyBCTBUTEIBHO K
U3MEHEHUIO XapaKTepUCTUK BeTpa. BrepBrle Ha cyliecTBOBaHHE obOiacTei
MIOCTOSIHCTBA PELICHUH 3aJaull MapLIpyTH3allu Kak 3aJaud KOMMMBOSKEpa
ObUTO yKa3aHo B [2]. Tam ke ObLIM OTMEUCHBI OTMPEICICHHBIC CBOMCTBA ITHX
obmacreil. B manHO# pa®oTe MPOMOIKEHBI UCCICIOBAHUS 3TUX CBOWCTB. B
YaCTHOCTH, TIOJNydeHBl HMX CTpOTHE aoKazarenscTBa. Okaszaloch, YTO 3TH
CBOHCTBa CHpaBEeUIMBBI HE TOJNBKO JUIA ONTUMAIBHBIX 3aMKHYTBIX
MapHIpyTOB, HO W JUISA JTIOOBIX 3aMKHYTBIX MapHIPyTOB MPU y4eTe NeHCTBHS
MIOCTOSTHHOTO TI0 CBOMM XapaKTEPHCTHKAM BETPA.

B noxiane mpuBeneHbI IpUMephl 00JIACTEH MMOCTOSHCTBA PEIICHIH 3a/1a4H
MapUIpyTU3allik KaK 3aJadd KOMMHBOsDKepa. llokazaHo, 4To aHanmu3upys
BUA OTUX oOjacTedl, MOXHO Ha KadeCTBEHHOM YpPOBHE CYIHWTh O
YYBCTBUTEILHOCTH ONTUMAIBHBIX pELICHHH 3a/aud MapUIpyTH3aluu K
W3MEHEHHMIO XapaKkTepUCTUK MpOrHo3upyeMoro BeTpa. Kak mpumep
BO3MOXKHOT'O MPAKTHYECKOTO MPUMEHEHHS JaHHBIX 00JacTel MoKa3aHo Kak ¢
WX TOMOWBI0  (GOpPMHUpOBAaTH TpeOOBaHWS K TOYHOCTH IPOTHO3a
XapaKTEePUCTHK BeTpa IPH INTAHUPOBAHUK MapUIpyTa MoJjeTa.

Jluteparypa:

1. Hommmesa ILE., MakcumoB H.A. KoMOWHHpOBaHHEIN anropuTm
peLIeHUs] TPAaHCIIOPTHON 3aJaddl B CHCTEME IUIAHMPOBAHMS II0JIETA TPYIIIBI
OCCITIIIOTHBIX ~ JIeTaTeNbHBIX  ammapatoB  //Te3mcsl  JOKIagoB 9
MesxayHapoaHo# KoH(MepeHn «ABruaus u kocMoHaBTuka — 2010» - CII6:
Macrepckas nedaty, 2010. — C. 138-139.

2. Moucees JI.B. AHanmnu3 yCTOHYHMBOCTH ONTHUMAJIBHBIX MapIIPyTOB
nosnera BIIJIA ¢ yuerom mporHosa Betpa // Tpyast XVII MexnayHapoaHoro
Hay4YHO-TEXHUUYECKOro ceMHHapa «COBpeMEHHBIE TEXHOJOTMH B 3ajadax
yIIpaBJIeHUs], aBTOMAaTUKH U 00pabotku uHpopmarum» - CI16: PULL T'YAII,
2008. - C. 172.

104



[epcnekTHBBI NPUMEHEHNS ATIOMHUHHAEBBIX CIIABOB, JIETHPOBAHHBIX
CKaH/IMeM, B aBHAKOCMHYeCKOii oTpacin
®umaros 10.A.
BUMJIC, Mockga

JlernpoBaHue IIOMHHUEBBIX CIUIABOB CKaHJMEM IMOJOXXUTEIBHO BIHSIET
Ha KOMIUIEKC WX cBoicTB. Hambonbmmii sddekr or moOaBku craHams
HaOIroaeTcsl B CIUIaBax CUCTEMBI alfOMUHHMK-MarHuil. JloOaBka necsThIX
JOJNel TIpOLeHTa CKaHAus B AedopMHpyeMble CIUIaBbl cucTeMbl Al-Mg
MO3BOJIIET TOBBICUTh HX IPOYHOCTHBIE CBOMCTBA, OCOOCHHO TIpenel
TEKy4YeCTH, COXPAaHHB TaKHe WX BaKHbIE JOCTOMHCTBA, KAaK BBICOKAA
KOPpO3HOHHAsl CTOHKOCTb, XOpOIIash CBapHBAEMOCTb M  OTCYTCTBHE
HEOOXOJMMOCTH B 3aKaJIK€ U TIOCIIEIYIOIEM CTapEeHHH.

Ha ocnoBe cucremsr Al-Mg-Sc B BHJICe paspaboran psg
ne(pOpMHUPYEMBIX CIUIABOB, HaKOOJIEe MPOYHBIM M3 KOTOPHIX SBJISICTCS CILIAB
01570, mMeromuii IIOTHOCTH 2,65 r/eM® u comepxkamuit 6% Maraus u
I[OGaBKI/I MapraHuna, CKaHJausA, HUPKOHHA W HCEKOTOPLIX APYTrUX 3JIEMCHTOB
(matent PO Ne2081934). [Ipenen TekyuecTH MaCCUBHBIX Oy ()aOpUKATOB U3
cruaBa 01570 B oToxokeHHOM cocTosHUU cocTaBigeT oT 250 no 300 Mlla.
IIpenen TtexkyuecTu OTOXOKEHHBIX JucToB M0 350 MIla. CrutaB Mosxer
WCIIONIB30BAaThCSA JUIS CHJIOBBIX, MPEHMYIIECTBEHHO CBapHBIX, 3JEMEHTOB
KOHCTPYKIIMM KOCMHUYECKOT0 armnapara.

YcoBepmieHCTBOBaHHEIM  BapuaHT cmuaBa 01570 ¢ TOBBIIIEHHOM
OUKIAYECKONW TPEIMHOCTONKOCTRIO morydmn Mapky 1570C (matent PO Ne
2233345). Ilpemen TeKydecTH OTOXOKCHHBIX IMCTOB U3 cmiaBa 1570C
cocranngeT 330 MIla, ckopocTk pocTa YCTaIOCTHON TPEIMHBI IPU BEJINIHHE
AK, paBHoii 31,2 MIlaVm, 1 K03 pHIIHEeHTe aCHMMETPHUH IHKJIa, paBHOM 0,1,
COCTaBJSIET OKOJIO 2 MM/KIMKJI, YTO HAaXOJUTCS Ha YPOBHE JIyYIIUX
aBUAIMOHHBIX ATFTOMUHHUEBBIX CIIaBOB. Cmias 1570C MOKET
paccMaTpHBaThCsl KaK IMEPCIIEKTUBHBIA MaTepHall Ul CBAPHBIX TEPMETHYHBIX
OTCEKOB KOCMHUYECKOT0 KOpabdJIsl, a TaKkKe JJIsl CHIIOBOTO Habopa M OOLIMBKH
(rozensbka camorera.

Jnst cBapHBIX KOHCTPYKLHMH KOCMHYECKHX amlapaToB, padOTAIONIMX Ha
KPHUOTCHHOM TOIUTMBE, MOXET MpUMEHAThcs ciuiaB 1545K cucremsr Al-Mg-
Sc, uMerommii WIOTHOCTS 2,67 T/cM’ comepxanii 4,5% marHus (TaTeHT
P® No 23432318). Ilpemen Teky4ecTH OTOXOKSHHBIX JIMCTOB M3 CILIaBa
1545K cocrasnser 300 MIla mpu 293K u 420 MIla npu 20K. CrutaB Moxer
6I)ITI> TaK)K€ NPUMCHEH B CaMOJICTOCTPOCHHWH, B YAaCTHOCTH JId CBApHBIX
TOIUIMBHBIX OAKOB.

[Monydabpukarer 3 crmaBa 01513 cucremsr Al-Mg-Sc, conepikainero
menee 1% wmarams (mateHT P® No2416658), oOmamaioT BBICOKOW
TEIJIONPOBOHOCTBIO TIPH  JIOCTATOYHO BBICOKOM TIPOYHOCTH M MOTYT
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OPUMEHSITBHCS B CHCTEME TEPMOPETYJIUPOBAHUS, B KOTOPOH TEIIOOOMEHHHUK
BBIMOJTHACT (PYHKIMH CHIIOBOTO 3JIEMEHTA KOHCTPYKIIHH.

[IpuMeHeHME aTIOMHHHEBBIX CIUIABOB Ha OCHOBe cucTeMbl Al-Mg-Sc
1o3BoJUT Ha 10-15% CHU3UTE BeCc KOHCTPYKLIUU.

Du3AK0-MaTeMaTHYecKoe MOIeITMPOBAHNE 3AIIIITHBIX CBOWCTB
KOHCTPYKIMIT CHCTEM BO3IYIIHOTO M KOCMHYECKOT0 0a3MPOBAHNS OT
BBICOKOCKOPOCTHOT'O Y/Iapa MeTAJNIMYECKHX 0CKOJIKOB
Xopes .E.

TYCVYP, r. Tomck

B noknane o0cCyxaaroTCs BOIPOCHI KCCIIEOBAaHHS 3alIUTHBIX CBOWCTB
KOHCprKHI/Iﬁ C MMHHUMAaJIbHBIM Pa3HECCHUEM B HUX COCTABHBIX NpErpaa Ha
0aze (U3MYECKOr0 W MaTeMaTHYECKOTO MOEIMPOBAHUS YAapPHO-BOJIHOBBIX
SIBICHUH TIPM  BBICOKOCKOPOCTHOM  COYAApPE€HHH C METaIHYECKUMHU
OCKOJIKAMH Pa3INYHOTO YTHHEHHSI.

Oduznyeckoe MO/JIETUPOBaHKE TIPOLIECCOB BBICOKOCKOPOCTHOTO
B3aMMOJAEHCTBUS TBEPABIX TEN TMPOBOAMIOCH Ha OSKCHEPUMEHTAIBHBIX
CTEH/aX, BKIIOYAIOMMX TPH OCHOBHBIX OJIEMEHTA: OaJUIMCTHYECKYIO
YCTaHOBKY, TPAcCy C PErHCTPHUPYIOIIEH ¥ CHHXPOHHU3NPYIOMIEH anmmapaTypoi
U MHUIICHHYI0 00CTaHOBKY. KOHTpOJIBbHBIE 3KCHEPHUMEHTHI MPOBOAWINCH B
Jrara3oHe CKOpOCTei BCTPEeUH 10 5 KM/C.

YucnenHoe OIHCaHKE BBICOKOCKOPOCTHOTO B3aMMOJIEHCTBHSA
METAUIMYCCKUX YIAAaPHUKOB C IperpagaMu W KOHCTPYKIMAMU BBIITOJTHSIN
MCTOAOM KOHCYHBIX 3JICMCHTOB, KOTOpLIﬁ JOCTAaTOYHO Haﬂé)KHO MpOABUIT
ce0sl MpH ONMMCAaHWU 3KCTPEMAJbHBIX YNApHBIX M B3PBIBHBIX Harpysok[1].
Marepuan  B3aMMOJEHCTBYIOIIMX  pa3HOMAcIITaOHBIX  TBEPABIX  Tel
MOJIETIPYETCsS C)KMMAaeMOW  YIpYyrolulaCTH4ecKod Cpefoi, MoBeieHHue
KOTOPOW NpH TMHAMHYECKHX HArpy3Kax XapaKTepU3yeTcsl MOJIYJIEM CIIBHUTa,
JUHAMHYECKAM  TIPENINIOM  TEKy4eCTH, BSI3KOCTBIO M  KOHCTAaHTaMH
KMHETHYECKOW MOAeNH paspyiieHus. JlaHHas MOIENh AaKTUBHOTO THIIA
OIIMCHIBAET B JMHAMHKE B3aMMOJACHCTBHUS Pa3sHOMACIITAOHBIX TBEPIBIX TeEl
HaKOIUICHWE, pa3BUTHE U SBOJIONMIO MHUKpOHOBpexaeHuil. IlocnemHue
HETIPEPBIBHO HM3MEHSIOT CBOWCTBA MarTepuala M BBI3BIBAIOT PETAKCAINIO
HarpsDKeHUi. MoienipoBaHue pa3pyleHus] TBEPAbIX TE OCYLIECTBISUIN Ha
OCHOBE TMpPEJCTaBICHHUS O HENPEPHIBHON Mepe paspylleHus, B KauyecTBe
KOTOpPOW BBIOpaH yIedbHbIH 00beM TpemuH. CKOpOCTh pocTa YIEIbHOTO
o0beMa TpelMH 3aJaBajach Kak (YHKIHS TEpPBOr0 HMHBapHaHTa TEH30pa
HalpsDKeHWH W JOCTUTHYTOTO YIENBHOTO o0beMa TpeumH. 3onuHun
yIeNBHOTO 00bhEMa TPEIIUH MOKa3bIBAIOT CTEIECHb pa3pylLIeHUsl MaTepuaina B
BOJIHAX pa3peXeHWs, a TPaJAueHT HAaKOIUICHWS pa3pyIICHWH ITOKa3bIBaeT
HaIlpaBJICHHUE PACTIPOCTPAHEHHSI MATUCTPAIbHONW OTKOJIBHOM TPEIMHEI [2].
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IIpoBeneHBl cHcTeMaTHYECKHE TEOPETHUECKHE U SKCIEPUMEHTAIbHbIC
CpaBHUTEIbHBIE HCCIIeI0BaHUS MIPOIIECCOB BBICOKOCKOPOCTHOTO
B3aMMOJEHCTBHUSA pPAa3IMYHBIX OCKOJIKOB C MAaCCHUBHBIMU IIperpanamy,
IperpajaMu KOHEYHOM TOJIMHBI U KOHCTPYKUUSIMHM IpPHU BapbUPOBaHHU
HayaJIbHBIX YCIOBHH yIapa: yIJIOB IOJX0Ja, y/UIMHEeHHs Oolika, Marepuaa,
TOJIIMHEI TIPETpajl U COCTaBa KOHCTPYKIUH B THANa30HE CKOPOCTEH BCTpedn
2—-4.5 km/c.

B nrore ycTaHOBIEHO W KOHTPOJIBHBIMHU SKCIIEPUMEHTAMHU MOATBEPXKICHO,
yTo Hambonee 3(Q(eKTUBHON 3ammTol 0T IehOpMUPYEMOTO0 KOMITAKTHOTO
METAUIMYECKOTO YAApHUKA BBICTYIAET ABYXIpETpagHas KOHCTPYKLHUS MO
CpaBHEHHIO ¢ JIIO00H Apyrod pa3sHEeCEHHOH W MOHOJIWTHOHN SKBHBaJCHTHON
TOJIIIHHBL.

AHaJIOTUYHO YHMCICHHBIMU MCCIEOBAaHUSMH YCTaHOBJIECHO, YTO B Cly4ae
NPOHUKAHUS YAJMHEHHBIX OCKOJIKOB (C OTHOCUTENBHBIM YIUTHHEHHEeM 10 10)
B pa3HECEeHHbIe Iperpaasl Hambosiee >(PQPEKTUBHOM 3alIUTON BBICTYINAET
TpexmperpagHas  KOHCTPYKIMs, KOTOpas  MaKCUMaJbHO  MOTJIOIIAET
KMHETHUYECKYIO SHEPTHIO IPOHUKAIOIIETO YAApHHUKA

Pabora BrImonHeHa mpu QuHAHCOBOH momnepxkke POOU (mpoekrl1-08-
98052 p_cubups_a).

Jluteparypa:

1. Xopes MW.E. Omuueckoe © MaTeMaTHYECKOE MOJEIHPOBAHHUE
pa3pylIeHHss MaTepUalioB M KOHCTPYKIMH IO aHamu3y Mpenpa3pylieHUs
TBepabIX Ten // Xumudeckas dpusuka, 2002, 1.21, Ne9, c. 16 - 20..

2. Xopes WU. E., Tomkxaues B. ®., Epoxun I. A. Omsuxo -—
MaTeMaTU4YeCKUH  aHalu3 MPOTHUBOYJAPHOM  CTOMKOCTHM  Tperpax U
KOHCTPYKIMH  JUIs  3aliMThl KOcMHUYeckol  TexHuku. Kocmmueckue
ucciegosanms, 2007, T.45, Ne 2, ¢. 183 — 188

JluHaMHYecKre MHEMOCXeMbl — HHCTPYMEHT AJ1s1 ONIePAaTHBHOI0 aHAIU3A
pe3yJbTaTOB MATEMATHYECKOr0 MO/ICJIMPOBAHNS POLECCOB CTHIKOBKH
KOCMHYeCKHX aNnaparos
Sckesuu A.B., Uepnsies 1.E.

PKK «3ueprus», r. Koponés

PesynbraToM MOIENUMpOBaHMA IIPOLIECCOB  CTHIKOBKM KOCMHYECKHX
annapaToB SBJSIFOTCS AJIEKTPOHHBIE (haiiiibl, colepKaliue HECKOJIBKO COTECH
U3MEHSIOMUXCA BO BPEMEHH MapaMeTpoB. OMNepaTHBHBIN aHAJIN3 TaKoro
obbema wuHGpOpPMANMK, OCOOCHHO TIIpU OOJIBIIOM 4YHCJIE pacdeTHHIX
BapHaHTOB, 3HAYUTEJIBHO OOJErdaercss INpPH HCHOJIB30BAaHUM HOBOTO,
pa3paboTaHHOTO aBTOpaMU IMPOTPAMMHOTO MHCTPYMEHTA — JUHAMHYECKHX
MHeMocxeM. OCHOBHOHM NpPWHIMII, TOJIOKCHHBIH B HMX Pa3pabOTKy, — 3TO
MaKCHMaJlbHas WHTETpalysl aKTyadbHOW HWH(OpManmy, a OCHOBHBIE WICH
3aUMCTBOBAaHBl W3  CHCTEM  OTOOpaXEHUs, IpeAHA3HAYCHHBIX  JUIA
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MAJIOTUPOBAHUA JICTATCIBHBIX ammaparoB, a TaKXKE g OICpaTUuBHOIO
aHau3a TeJeMeTpUr B aBToroHkax @opmyisr 1.

B nuHammueckoii MHEMOCXEME COBMEIIAIOTCS W CHHXPOHU3UPYIOTCS TPH
BUJAa W3MEHSIOMIMXCS BO BPEMEHM JaHHBIX — 3-MEpHOE W300pakeHHue
OTHOCHTEJIFHOTO JBIDKEHHSI M KOHTaKTOB CTBIKOBOYHBIX ~arperaros,
MHEMOCXeMa, oToOpaxkaromass ()yHKIIMOHHUPOBAHHE 3JIEMEHTOB IHOTJIOMIECHHS
SHEPruM B CTHIKOBOYHOM MEXaHW3Me M Tpa(uKd W3MEHEHHS BO BPEMEHH
BEIOpaHHOHM (ONEpaTHBHO HM3MEHSEMOW) TpPYIMIBl IapaMeTpoB, HaIpuMep,
KOMIIOHEHT HWHTep(EHCHBIX CHI WIM MOMEHTOB. Bces wuHbopMmarms
oTtoOpakaeTcs B HECKOJIBKIX (OOBITHO TPeX) OKHaX.

KommbroTepHast mporpamMma 4HTaeT IIOCIEJOBAaTEIbHO CTPOKH (haiioB-
pe3ynbTaToB U (OPMHUPYET MHOTOOKOHHOE M300pakenue. IIpu moctpoeHun
3-MepHBIX H300paKeHUH TNPeINOYTeHHE OTHAeTCs KapKaCHBIM MOJENAM, B
KOTOPBIX HAJIOKCHUC T'COMCTPUYCCKUX BJICMCHTOB HEC YXYIIIACT BUAUMOCTDH
Bcex geTaneil mpouecca. I'paguku 0OBIMHO pa3MEIAlOTCS B HUDKHEM OKHE.
OHM mepeMelalTcs CIpaBa HaIEBO OTHOCHUTEIBHO METKH TEKYIIETO
BPEMEHH U JOTOJHSIOTCS IpaduyecKUMU M 3BYKOBBIMH METKaMH OCHOBHBIX
COOBITHH, a TarKKe TNPEICTABICHHBIMA B YHCICHHOM BHJIE 3HAYCHUEM
TEKYIIEro BPEMEHH, COOTBETCTBYIOIIMMH €My 3HAYCHUSIMH IapaMeTpoB U
BPEMEHAMH HACTYIUIEHHS OCHOBHBIX COOBITHH, HamlpHMep, CIENKH
CTBIKOBOYHBIX arperatoB. HamOonee BaxHas umcieHHas uH(popmanus —
KMHEMaTHYECKNE MapaMeTphl, BEJMYMHBI XOJa MPYXKHH W (PPUKIMOHHBIX
MYy(T, CKOPOCTH BpalICHUs DJIEKTPOMArHUTHBIX JAEMII(DEpOB W T.II. TaKXKe
OyonmupyeTcss Ha 3-MEepHOM H300paKEHHH M MHEMOCXEME CTHIKOBOYHOTO
MexaHusma. Bcs réoMEeTpuICCKasd U 4YUCJICHHasd I/IH(I)OpMaLH/ISI U3MCHSCTCA
CHHXPOHHO C IIPOX0XKJCHUEM T'pauKkaMHu OTMETKHU TEKYILIIETO BPEMEHH.

JluHaMu4Yeckne MHEMOCXEMBI  MO3BOJIIIOT ~ OBICTPO — aHAINM3UPOBATH
OoJpIION 00BEM H3MEHSIONIEHCS BO BpeMeHH HWH(OpMaluM W YCIEIIHO
npuMmeHstorcss ¢ 1993 roma npu aHanuze pe3yJbTaTOB MOJAEITUPOBAHUS
MIPOIIECCOB CTHIKOBKM PA3IWYHBIX THIIOB OOBEKTOB C HCIIOJIB30BAHUEM
pa3NMYHBIX THUIIOB arperaTtoB — OT CTHIKOBKM KopaOmeit Space Shuttle k
opburtanpHOW cTaHIUMH «Mup» 1m0 cTelkoBkH Moxyms MHUMI k MKC
Maaumyraropom SSRMS.

Mogenau /151 BLIOOPA YIJIOB YCTAHOBKH 3BE3HBIX J1aTYMKOB HA
KOCMHYeCKHX annaparax Ha0/aioaeHus
wnos JI.B.
L CKB-ITporpecc, r. Camapa.

3BE3MHBI  KOOpAMHATOp  TpeACTaBisieT  co0oif  acTpompudop,
OpeIHA3HAYCHHBIN I ONpENeNeHHs] IONOKEHUS CBS3aHHOW CHCTEMBI
KOOpIMHAT KocMu4ueckoro ammapara (KA) B cucreme KoOpAuHAT 3BE3IHOTO
karanora. Kpome Toro, 38€3/1HbIe KOOPANHATOPBI MOTYT OBITH UCIIONB30BAHEI

108



JUISl HENIOCPE/ICTBEHHOT'O YIPABJICHUS! B KOMIUIEKCE C M3MEPUTEIEM YIIIOBOM
ckopoctu nepemenienns KA.

Onrtnueckue ONOKM 3BE3AHOIO KOOPAMHATOpA YCTaHABIMBAIOTCS Ha
BHEITHEW ITOBEpXHOCTH KocMuueckux anmapatoB (KA), kak mpaBmio, B
KoJIM4ecTBe He MeHee TpEX. Bo Bpemst mpoBeneHusi ChEMKH B paboTy
BKJIIOYAETCS OJUH W3 OINTHYECKHX OJ0KOoB. Mecrta W yINIBI YCTaHOBKH
ONTHYECKUAX OJOKOB JOJDKHBI OBITH BBIOpAaHBI TAaKUM 00pa3oM, 4TOOBI B €ro
YIJIOBYIO amepTypy B INpOIEcce IIeJIeBOH pabOThl OONBIIYI0 Y9acTh BPEMEHH
rorajano 3BE31HOe HeOOo 1 He rmomagany 3emurst win rydu CoHIa.

[pennoxxen kpuTepuit U1t BEIOOpPA YIIIOB YCTAHOBKH 3BE3AHBIX JaTYUKOB -
OTHOCHTEJIPHOE BpEMS HaxXOXIEHHs 3BE3NHOTO Heba B YITIOBOW amepType
ONTHYECKUX OJOKOB. /[l OIEHKM 3TOro BpeMeHH IpeJyiaraercs
UCIIONIb30BaTh ~ METOJ  MMHUTAIMOHHOTO  MOJEJIMPOBAHHS  IIEJIEBOTO
¢bynkpronupoBanus KA.

Pa3zpaboTansl MaTeMaTH4ecKMe MOJAENM W aJTOPUTM JUISl  OLEHKH
OTHOCHTEJIFHOTO BpEeMEHHM TMOomNaJaHusi 3BE3AHOIO Hebda B IOJIe 3pEHHMS
OIITHYECKOTO OJI0Ka 3BE3THOTO KOOPAMHATOPA C YYETOM MECT M YIJIOB €r0
YCTaHOBKH OTHOCHTEIBbHO Kopmyca KA HaGmomeHus, opOUTanbHOTO TMONIETa
1 TIPOrpaMMHBIX pa3BopoToB KA B mporiecce 1eneBoro (pyHKIHOHNPOBAHMS.

JUin pacdera  mapaMeTpoB  OpOWT  HCIONB3YIOTCS  YPaBHEHUS
IUIMNTUYIECKOTO JBIDKEHHS C TIEPHOJUYECKON KOpPpPEKIHeH pacdeTHBIX
3HAYCHUH IOJTOTHI BOCXOISIIETO y3na (TIperiecCHd OpOWTHI) W apryMeHTa
nepurest B IPOIIECCE UTUTENBHOTO II0JIETa, BBI3BAHHBIX HEC(HEPHUUHOCTHIO
3emau (YUUTBHIBAIOTCS BEKOBBIE BO3MYILEHHS OT BTOPOM 30HAIbHOU
TapMOHHKH B Pa3JIOKEHUH T'€ONOTEHIINAIIA).

Jlyist pacdeTa SBOJIIOIMY JOJITOTHl BOCXOSIIIETO y3i1a (Ipereccu OpOHTHI)
W OBOJIOIIMM apryMeHTa Ilepuresi B Ipolecce JUIMTEIBHOTO II0JieTa
YUUTBHIBaeTCS HEeC(EepUIHOCTb 3eMIM (YUUTHIBAIOTCS BEKOBBIE BO3MYILEHHMS
TIEPBOTO TIOPAIKA).

C moMompl0 JaHHBIX MOZEIeH M alropuTMa MOXHO pa3paboTaTh
MpOrpaMMHOE  OOecreyeHne Uil OLEHKH OTHOCHTENIBHOTO BPEMEHH
ronaiaHus 3BE3AHOTO Heba B IOJIE 3PEHUST ONMTHUYECKOTro OJIOKa 3BE3HOTO
KOOpIMHATOPA W, 10 pe3yibTaTaM TaKUX OIEHOK, BBIOMPATh 30HBI M YTJIBI
YCTaHOBKH ONTHYECKHUX OJOKOB Ha Kopmyce KA.

ABTOMAaTHYeCKasl CHCTeMa TepMOperyJMnpoBaHus ckaganapa
Onbaksan A.1l,, ®ununenkos C.H., banamos M.M.
HIIIT «3Be3ma», r. MockBa

PaccmarpuBaercss KOHIENIMS CO3JaHUS aBTOMATHYECKOM CHUCTEMBI
tepmoperynupoBanust  (ACTP), mnpennasHadeHHOH [uId  TOAJEpP)KAHHS
TEPMOHEWTPAIIFHOTO COCTOSIHHSI OpraHM3Ma dYeloBeka B ckadaHape ¢
KHUJKOCTHOM CHCTEMOW OXJaXKAEHHWS NPH BBHITOJHEHHH IILTIO30BAaHUS M
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BHEKOpabeIbHOM JIeATeIbHOCTH (BKD). VYnyudienue KadecTBa
TepMmoperynupoBaHusi B mpouecce BKJl BO3MOXHO Ha TMyTH BHEApPEHUS
ACTP.

PazpaboTan croco0 aBTOMaTHYECKOTO TEepMOpEryJIUPOBaHHUS,
3aKJIIOYAIOIUICS B PEryJlUpOBaHMM TEMIEpaTypbl BOJBl B KOCTIOME
BozsiHOTO OXJXIEeHUS (Tkpo) B 3aBUCHMOCTH OT TeKyIiux 3HeproTpar (I3T)
yenoBeka. Mcmeitansl sabopaTtopHblii  Bapmant ACTP wu  amroputm
ympaBieHus. B mporiecce MCHbITaHUA MPOU3BOMMINCH W3MEPEHUST Pacxoza
BeHTWIIIUN U ACO, Kak pa3HocTd koHueHtpanuu CO, Ha BXOJle U BBIXOJE
nornoturenss CO, 3aMKHYTOH CHCTEMBI OOECII€UeHHs >KH3HEISSTEIbHOCTH
ckadaHapa, CHaOXEHHONW KOHTYpPOM BEHTWIINHHM M KOHTYPOM BOZSHOTO
OXJTXKICHUSL.

Paccunrannas mo pesynbpraTaMm u3MepeHui BennurHa DT HCroap30Baiach
B KauecTBe ympapistomero curiana ACTP, kotopas ompezensiia 3HaYeHHE
Tkgo ¥ obecmeunBana yhpaBlieHHE HCIIONHUTENBHBIMH — arperatamm.
ANTOPUTM YTIpaBJIEHUSI WUCTBITaH B HKCIIEPUMEHTaX B HAa3eMHBIX YCIIOBHSX
(H=0 xm) npu ywactun 10 ucnbITaTenei JOOPOBOJIBIIEB, BBHIIONHSBIINX B
ckadanape 120-180-munyTHBIE TIpodMIN GU3MUECKOI HArpy3KH 1o padboTe
HOraMH Ha Benodpromerpe. KoHTpomb kadecTBa TepMOpETYIMPOBAHUS
OCYIIECTBIISUICS HAa OCHOBAaHMH HM3MEPEHHs TEMIIepaTyphl Tela, a TakkKe Mo
CYyOBEKTHBHBIM OIIEHKAM HCTIBITATEICH.

[IpoBenennsle HcnbITaHUA TOKazanu padotocnocobHocTs ACTP B miane
MOJ/IEPXKAHUSI ONTUMAIBHOTO TEIJIOBOTO COCTOSIHUS YEJIOBEKAa B HIMPOKOM
muamazoHe OT ot 2 qo 10 kkan/mMuH, a TakKe IPU MEPEXOAHBIX COCTOSHHUSAX,
CBSI3aHHBIX C M3MEHEHHEM OOMEHa BElleCTB M MeTadoyiM3Ma y 4YeJoBeKa B
MIOKOE U BO BpeMsi pabOoThI pa3IMYHOMN CTENEHH TSKECTH.

Pa3paboranHble ajaroput™M ympaBieHHs U J1a0OpaTOpHBIA BapUaHT
CHCTEMbI aBTOMaTHYECKOTO TEPMOPETYJIMPOBAHUSI 00ECIICUMIIN JOCTH)KEHHE
YCTOIUMBOIO COCTOSIHUSL TEPMOPETYJSAIMM 4YeJIOBeKa IPHU BHINOIHEHUU
paboTHI B IMPOKOM JMAIIa30HE SHEPTroTpar.

Pa3paborka mporpaMMHO-aJITOPUTMHYECKOT0 o0ecreYeHnst
MHMKPOKOHTPOJIJICPHOT0 CTEHAA MOJIYHATYPHOIO MOAeINPOBAHUS
pa6oTsl 6ecnIaTGopMeHHOr0 rPABMUHEPLUHUAIBLHOT0O HABUTALIUOHHOT O
komiuiekca (BI'HK) noaBu:kHoro odobexkra
Adonun A.A., SImames I'.T'.

MAMWU, r. MockBa

B HaCTosAIEC BpeMs aKTyaJ’ILHOﬁ SABIIACTCA npo6neMa BBICOKOTOYHOI'O
OIPCACIICHUA MTapaMETPOB I'PaBUTAIMOHHOTO TOJIA 33MJ’II/I, B OCOOEHHOCTH €€
OTJAIEHHBIX U TPYAHOOOCTYIITHBIX paﬁOHOB, B TOM YUCJIC aKBATOPpUHN MOpeﬁ n
OK€aHOB, HX H.IeJ'IL(l)OB, B HCIX PCHICHUA psAda BaXXHbIX 3aJa4d I€OAC3UH,
Feoq)HBHKH, TpaBUPA3BCAKH, a4 TAKIKC HaBUTALIUU. ﬂJ’IH pa3peuicHust Z[aHHOﬁ
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po0JIeMbl, HalpuMep, MpeoIaraeTcs UCIoIb30BaHIe pa3pabaTeIBaeMoro B
MAU BI'HK, pacmnonoxeHHOro Ha OOpTy OCCIHIOTHOIO JICTATEIBHOTO
anmapata (bJIA). [Ipu paspaborke BI'HK BJIA akryanbHOM siBisieTcst 3aada
MIOCTPOEHHS CUCTEMBI cOOpa M 00padOTKH HHPOPMAINH, B KOTOPOH OBLTH OBI
peaM30BaHbl BCE OCHOBHBIE aJITOPUTMBI (DYHKIIMOHMPOBAHUSI KOMIUIEKCA, K
KOTOPBIM OTHOCSITCSI: aJTOPUTMBlI HABHTAIIMH, OPHEHTAIMH, TPaBUMETPUH,
OLICHWBAaHWE IIapaMeTpoB M Koppeknumu. Ha Tekymem srame pa3BUTHA
MHKPOIIPOIIECCOPHOH TEXHHWKH BUANTCS BO3MOXKHBIM IIOCTPOCHHE JAaHHOW
CHCTEMbI Ha OCHOBE COBPEMEHHBIX MUKPOKOHTposuiepoB. Ha mpenmsimymmx
sTamax paboThl OBLIAa MpOBeAEHA pa3paboTKa MPOTrPaMMHOIO OOecTedeHHS
MHKPOKOHTPOJIJIEPHOTO CTeHza MOJTyHaTypPHOTO MOJIETTMPOBaHHUS
BeIYHCIUTENBHOrO KoMIuiekca BI'HK it paboThl B aBTOHOMHOM pexXuMe U
YCIIEIIHO TIPOBECHBI €r0 UCHBITaHKA. B HacTosIee Bpems B Xojae paboT 1o
pa3pabotke BerumMciauTensHoro kommiekca BI'HK na s3pike C++ B cpere
C++Builder nosmHOCTBIO peanu3oBaHbl Bce OCHOBHBEIE anroputMbsl BI'HK, B
TOM 4ucie anroputmsl rpaBumerpun u koppekuun BI'HK or CHC c
MIPUMEHEHHEM KaJMaHOBCKOW ¢wibTpanmu. [IpoBeneHo MonenmupoBaHue
CO3JJaHHOTO MPOTPAMMHOTO OOECIeUeHHs, PEe3yJIbTaThl KOTOPOTO XOpOIIO
COTJIACYIOTCSl C IIOJMYYEHHBIMH paHee pe3yJbTaTaMH MOAEIHPOBAHUS YKe
OTpabOTaHHBIX AJITOPUTMOB, pPEAIN30BaHHBIX B cpexe Mathcad, dTO
CBHJICTENBCTBYET O OE30IIHO0YHOM peann3ayu MoJTyYeHHBIX alTOPUTMOB Ha
s3eike C++. Kpome Toro, mpoBeneH aHalU3 BO3MOKHOCTEH NPHMEHEHHS
IPOTPaMMHUPYEMBIX JIOTHUECKUX MHTETPAIBHBIX CXEM B LEJIX HeifpoceTeBon
peanuzaruu anroputmMoB bI'HK.

Pabota BhImosHEHA mpH (UHAHCOBOM mojyepxke MuHoOpHayku PO mo
npoektam 2.1.2/12142 aHannTH4YeCKOW BEZOMCTBEHHOH IENIEBOI IIPOrpaMMBbl
«Pa3BuTHe Hay4HOrO MOTEHIMaNa Beicmel mkombsl (2009-2011 roasr)», HK-
528I1/58  ®LII  “Hayynble ®  Hay4YHO-IIENArorHYecKue  KaJphbl
nHHOBarmmoHHOU Poccrm Ha 2009-2013 rogsr” u Ne 8782 ¢onna conetictpus
Pa3BUTHIO MaJbIX (JOPM TPEANPHATHA B HAy4YHO-TEXHHYECKOH cdepe o
nporpamme Y.M.H.N.K.

PexyppeHTHBIH aJropuT™M BbIYHCIEHUS] KOI(PPUUHEHTOB YPABHEHU
AUHAMUKH B 3aMKHYTOIi (hopme 17151 MO TMPOBAHHS KOCMHYECKOT0
MaHHUIYJISITOpa
SlckeBuu H.A.

MI'TY um. H.D.baymana, r. MockBa

Cpenu ypaBHeHHH B 3aMKHYTOH (hopMe BBIYHCIHUTEIBHO Hambolee
3¢ (GEeKTUBHBIM SBJISETCS PEKYPPEHTHBIH alTOPUTM COCTABHOTO TBEPIIOTO
tena, npemioxkeHHbld FO.A.CrenaHeHKO, HUMEIOUIMA BBIYMCIUTENIBHYIO

111



sdexrusrocts O(n°). Banskum k Hemy 10 >h(EKTHBHOCTH SBISETCS

ITOPUTM «KOCBIHKa», C 3Q)EeKTUBHOCTHIO 0(1’13) [1].

[Ipennaraercst HOBBIN aNropuTM pacyera KOI(GHUIMEHTOB YpaBHEHUI
JUHAMHUKU MEXaHUYECKUX CUCTEM CO CTPYKTYPOH IPOCTOM KMHEMATHYECKOU

. 2 . .
ueny, umeronuii gdexrusrocts O(7”) U OCHOBaHHEIH Ha AHATUTHYECKON
3amicy ypaBHeHMH IuHaMUKH. OTHpaBHOW TOYKOW INpH €ro pa3paboTke

. 3
ABJIIOTCS ypaBHeHus Keitna [2], umeromue sddextusnocts O(n”) . Jlns

TIOBBIMICHUS] BBIYMCIUTENBHON 3(QQEKTUBHOCTH TpeiaraeTcss H3MEeHEHHe
CTPYKTYPBl CYMM IIpU BBIYHCJICHHH MAaTpHIBl OOOOLIEHHONW WHEpUUH W
BEKTOpa OOOOMICHHBIX CHJI. DTO IO3BOJISIET HCIOJB30BATH PEKYPPEHTHBINA

ITOPUTM BBIYUCIICHHUS C 3P PEKTHBHOCTHIO O(nz) .

[IpeaBapUTENbHO BBIYUCIIAIOTCS KHHEMATHKA U JMHAMUYECKUE TapaMeTphbl
OTAEJbHBIX Tel. Jlanee peKyppeHTHO BBIYHCIISIOTCS BEKTOPHI U3 UCXOIHOTO
6a3nca KaxJI0ro 04epeHOro Tejla B UCXOJHbIe 0a3UChl BCEX MOCIEAYIOIINX
TEN, BBINOJHSAETCS PEKYPPEHTHOE BBIYUCICHHUE CYMM, OMNPEACISIONINX
WHEPLMOHHBIE IapaMeTpbl MMOALENENH IPOCTOM KUHEMAaTU4ECKOW LeMH,
I[eﬁcTByIOHIHe Ha Hee Ccwibl W MOMeHThl. Ha ocHoBe »3THX CyMM
OMPENENIAIOTCS HEMEePECCKAIOIINECs] MHOKECTBA 3JIEMEHTOB CHMMETPHYHON
Marpulpl 00OOIIEHHOW WHEPUMH M BEKTopa o0000IIeHHBIX cuil. Bce
OIepaInyy ¢ MaTPUIIAMH MAPIUATBEHBIX CKOPOCTEH MPOU3BOISATCS TOIBKO C MX
HEHYJICBBIMH CTOJOIaMu. Bce BBIUMCIsIEMBIE BEKTOPHBIE U MATPUYHEIC
JMUHAMUYECKHE CYMMBI MEXaHWYECKOH CHCTEMBI BBIPAKCHBI B €€ 0a30BOi
cucteme KoopauHat. [IpeasaraeMpiii ailrOPUTM MOMKET OBITh HCIOJIB30BaH
JUISL MOJICJIMPOBAHUS JAUHAMUKU KOCMHYECKOTO MAHHITYJISATOpA B PEKUME
peanbHOro BpeMeHH. Ero cTpykTypa MOBOJSET pealn3oBaTh MapasuielibHbIe
BBIUKMCJICHUS, 4YTO O0ECHeYMBaeT BO3MOXHOCTh pacyera JA0CTATOYHO
JIETATbHBIX MaTEMAaTHYECKUX MOJICIICH.

Jlureparypa:

1. JleckoB A.J., Imenko A.C. MogenupoBaHue W aHAIU3
poboToTexHHYeCKHX cucTeM. — M.: MammHoctpoenue, 1992. — 80 c.

2. Kane T.R., Wang C.F. On the derivation of equations of motion, -
Journal of the Society of Industrial and applied mathematics, vol. 13, no. 2,
June 1965, pp. 487-492.

112



CpaBHUTEIbHBIH aHAIN3 MEPCNIEKTHBHBIX CPEACTB BbIBEIEHUS
MaJI0pa3MepPHBIX KOCMHYECKHX aNNapaToB
Bop3onoros A.A.

MAMW, r. MockBa

Paspabotka m co3manue paker-Hocurener (PH) cBepxierkoro kiacca
SIBJIIETCSI OJHOM M3 aKTyalbHBIX 3aJad COBPEMEHHON KOCMOHABTHKH. OJTO
OOBSICHSIETCSI BO3pACTAIOIIMM CIIPOCOM Ha BBIBEJICHHE B OKOJIO3EMHOE
KOCMHYECKO€ IPOCTPAaHCTBO MaJbIX KOCMHYeckux ammapatoB (MKA).
[NotpeOHOCT, B BBHIBEICHWHM TaKWMX alaparoB TpeOyeT pa3paboTku u
CO3JaHUSI HOCHTENeH COOTBETCTBYIOUIEH pa3MEpHOCTH, OOJHMK KOTOPBIX
MOJKET CYIIECTBEHHO OTIMYATHCS OT TPAIAMIIMOHHBIX CXEM, NPHMEHIEMBIX B
pakerocTpoeHuu. Llenplo naHHOW pabOTBI SBIAETCS BBIOOP CXEMBI H
OCHOBHBIX ~ MPOEKTHBIX  [ApaMETPOB  IEPCHEKTUBHOTO  HOCHUTEI,
BBIMOJIHAIOIIETO  JAHHYIO ~ TPAHCIOPTHYIO  3ajadyy ¢  HauOoubIen
Bq)(l)eKTI/IBHOCTI)IO, MMPOBOAUTCA CPABHECHHUE BO3MOXHBIX CXEM JIETATCIIbHBIX
ammapartoB (JIA).

B pabore npuBenena xnaccudukanusi JIA B 3aBUCHMOCTH OT criocoba
cTapra W TIIOC3JKH, THUIA JBUraTelbHBIX ycTaHOBOK ([{VY), kparHOCTH
WCIIOJIb30BAHUS, YUUTHIBAIOTCS pa3IMYHbIe KOMOWHAIIMYU CIIOCOOOB CcTapra u
MOCaJKM ammapaTta. TWI ABUTAaTeNbHOM YCTAHOBKH, €€ COCTaB M 3aKOHBI
(YHKIIMOHMPOBAHUS ~ CYHOIECTBEHHO  BIMAIOT  HAa  3(QQEKTUBHOCTH
mepcreKTUBHOro cpenctBa BeiBeneHUs MKA. KpaTHoCcTh mcmonb30BaHHA
MaTEepHaIbHON YacTH SBISIETCS BaKHEWIIMM IapaMeTpoM W BIMSAET Ha
ontuManeHBIN coctaB 1Y, cmoco0 cTapTa W IOCAIKH, a’poIUHAMHUYCCKHE
XapaKTEePUCTUKH, 3aKOHBI YIPABJICHUS U CTOMMOCTHYIO 3(PPEKTUBHOCTH
BCEro pas3pabaTeiBaeMOro ammapaTta. PaccMaTpuBaIOTCSI MHOIOpa3oBBIE
TpaHcnopTHele kKocmuueckue cucreMbl (MTKC) u omnopazoBsie PH c
pasnuuHbiME  KoMOuHarusMu JY. PaccMoTpeHBl BapHaHTBI NpPHMEHEHHS
BO3JYIIHO-PEAKTUBHBIX JBUTATeNell Ha Yy4yacTKe BBIBEJCHHS IIOJIE3HOM
Harpy3ku, a Takke IpH JBM)KEHHH MHOTOPa30BOI'0 PAKETHOTO OJIOKa Iocie
paznenenust crynened. Ilpu ouenke paziauunbix cxem JIA paccMoOTpeH
W3BECTHBI BapWaHT BBIBEJCHUS C WCIIOJNB30BAHHEM CaMOJIETa B KadyecTBE
nepBoi cTyneHn «Bo3mymrHbIf cTapT», €ro MpenMyInecTBa W HETOCTaTKH
Ipd  pEUIEHMH IOCTABJIEHHOM  TpaHCIOPTHOM  3amauu. IIpoexTHo-
OaJuTCTHYECKHE  pacdeTsl IPOBEICHbI C  HCIOJb30BAaHMEM  IAKeTa
KOMIBIOTEpHOI anreOpsr Maple.

B pabGore mpoBeaeH aHaiM3  pe3yJbTATOB  MaTeMaTHYECKOTO
MOJIEIUPOBaHMs (OaJuIMCTHYECKas, MaccoBas, a’dpoAMHAMHUUYEcKas MOJIEIH,
MOJACIIb JIY, 3aKOHBI YIPaBJICHUSA JIBI/I)KCHI/ICM), OIIMCBIBAKOINMEC BBIBCIACHUC
MOJIE3HOTO TPy3a HOCUTENSIMH COOTBETCTBYIOIMX THUIIOB. AHAIU3UPYIOTCS
pe3yibTaThl MPOEKTHO-OAUIMCTUYECKUX pACUeTOB JUIL OTAGNBHBIX CXEM
JIeTaTeNbHBIX aIlaparoB, criocoOHBIX BeiBecTH MKA Ha omopHylo opOuTy
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BeicoToll 200 kM, rpadukun H3MEHEHUs HauOoyee BaXKHBIX MAacCOBBIX H
TPaeKTOPHBIX MAPaMETPOB B 3aBUCUMOCTH OT pa3jIMYHBIX XapakTepuctuk. Ha
OCHOBE 3TOT'0 aHaJIN3a OIPEAEISIOTCS OCHOBHBIE IPOEKTHBIE IapaMeTpsl JIA
10 BEIOpaHHOMY KPHUTEPHIO 3 PEKTUBHOCTH.

MaTtemaTH4ecKoe MOJEJTMPOBAHNE €CTECTBEHHOI KOHBEKIIUM MPH
HOPMAJIbHOI ¥ MOHUMKEHHO! rpaBUTAIIMHU
Xan 10.0.
MAMWU, r. MockBa

Henpro nanHOW pabOTHl SBIAIOCH MOCTPOCHHE MAaTEMAaTHYECKOH MOJETH
JUIsl pacyeTa TEIUIOBOM, KOHLEHTPAallMOHHOM W TEPMOKOHLEHTPAaLMOHHON
KOHBEKIMH B 0€3pa3MepHbBIX IIEPEMEHHBIX ITPU Pa3InuHbIX Ynciiax Pases.

PaccmaTpuBaercs 3aaya eCTECTBEHHON KOHBEKIIMI BSI3KOM HEC)KHMaeMOu
KUJKOCTH B KB3JpaTHOM 3aMKHYTOH OOJacTH € TEIUIOM30JIMPOBAHHBIMH
TOPU30HTAILHBIMU CTEHKAMU U C 33laHHBIMHU TeMIIEpaTypaMH Ha TPaHUYHBIX
BEPTUKANBHBIX CTEHKax. MaremaTuueckass MoJeNnb JaHHOM — 3a4adu
TIpeacTaBisieT coboil nBymMepHble ypaBHeHHss HaBpe—CToKca B Oe3pa3sMepHBIX
TIepeMeHHBIX B MpuOMIKeHnu byccunecka. sl CKOpOCTH Ha BceX rpaHHIiax
CTaBUTCS YCIIOBHE IPWINANAHWSA, a AN TEMIEpaTypbl CTaBITCA TaKHe
YCIIOBHSA:  HIKHAS M BEPXHAd  TOPU3OHTAIBHBIE  TIPaHUIBl  —
TEIUION30JMPOBAaHHBIE, a TIpaBas M JieBas BEPTUKAJbHBIE TPAaHULBI —
H30TepMHUUECKUE. B kauecTBe Ha4alnbHBIX YCIOBUH 3a1aéTCAd HETOABHKHAS
KHUAKOCTh € JUHEHHBIM  TEIUIONPOBOJHOCTBIM  paclpelielieHueM
TeMIepaTypsbl.

Jna  MopmenupoBaHUS — paccMaTpHBaeMOM — KOHBEKTUBHOM  3ajjauu
HCIIONIb30BaIach Oe3pasMepHasi 3alMCh YPaBHEHHH, B KOTOPYIO BXOJST
6e3pa3mepHble nmapameTpsl — yncna [Ipannrns, Panes, ['pacroda, [munra.
Hcnonp3oBanace cuctema ypaBHeHnii HaBpbe—CTokca B mpHOMMKEHHH
Byccunecka. Pac4uérsl ObuUTM TPOBEAEHBI C WCIIOJIB30BAHHEM COBPEMEHHON
THIpOIMHAMHIYECKOH porpamMMel Fluent.

CpaBHEHHE MOIYYEHHBIX PE3yJIbTAaTOB C «ITAJOHHBIMY» PEIICHUEM IS
pa3HbIX ymcen Panes mokasanao XOpOILIyH TOYHOCTh pacd€ToB. Pe3ynbraThl
pacuéra TaxKe IOKa3ald, YTO IIPH 3aJaHHBIX T'PAaHWYHBIX M HadalIbHBIX
YCIOBUSAX NPH yBETWYEHUH 4Hcia Paned mMakcMManbHOE 3HAYCHHE MO
CKOpPOCTH CMeIaeTcs K IpaHuIiaM 00JIaCTH, a U30TEPMBI CTPEMSTCS MPUHATH
TOPHU30HTAIBHOE TOJ0KEHHUE.

KonneHnTpanuonHas MoJienb KOHBEKIIUU ONPEAETsAeTCs TeIIOBBIM YHCIOM
Panea u uucnom lImuara. Ilosne KOHIEHTpanuu MOA AEHCTBUEM KOHBEKIMH
HAa4YMHAEeT U3MEHATHCS C MEHBIINX uuceln Panes, yeM mose TreMnepaTypbl, Tak
kak uncino munra G6omemie uucna [pasarna. Yueno [pasaris mano, T.e.
TEeMITEPaTypONPOBOAHOCTS TOpa3fo OOJbIIe, YeM BSI3KOCThb, IMO3TOMY MOJIE
TeMIIepaTyphl NMOA ACHCTBUEM XHIKOCTH HauYMHAECT U3MEHSTHCS JIMIIb MIPH
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JOCTaTO4YHO OoubliioM yucie Panes (6onee 100). U koraa mose temmeparypsl
HECU3MCHHO, IT0JIC KOHICHTpalluH YK€ 3aMETHO U3MEHACTCS.

CnenaH  BBIBOJ, 4YTO KOHIEHTPALMOHHAsh HEOJHOPOTHOCTH  IPH
HOPMAJIBHBIX YCJIOBHSIX MEHBIIIE, YeM B YCIIOBUSIX IOHMKCHHON IPaBUTAIHN.

B pesynbrare naHHOW pPabOTHI TOJNydeHA 3aBHCUMOCTH TEIUIOBOH H
KOHIICHTPAaLMOHHON KOHBEKLWH, BJIMSHHE 4YUCIa Pames W WccienoBaHo
BiIMsHUE M3MeHeHni uncen [Ipanntis u llMuara Ha qBHKEHHE KUAKOCTH B
3aMKHYTOM 00BEME.

AsporepmoanHaMuka kocMuueckoro annapata EXPERT
Anamos H.II., Xapuronos A.M., Maxyns 1U.1., Bacen€s JL.T'.,
YupkameHko B.O.

WTIIM CO PAH, HoBocubupck,

Maitnapt JXK.M.

Wucturyt dhon_Kapmana, r. bproccens, benprus

BosBpamaemsiii  Oaumctndeckuii  ammapar EXPERT (the European
EXPErimental Re-entry Testbed) npemmoxxen EBpormelickuM KOCMHYECKIM
areHTcTBoM ESA[1] m npenna3zHaueH Ui NOIy4EHUS B MOJETHBIX YCIOBUIX
9KCIIEPUMEHTANIBHBIX JAaHHBIX 10 a3pOTEPMOAMHAMHUKE TIpH OOJBIINX
CBEPX3BYKOBBIX  CKOpOCTsAX. IlIpenmomaraercsi ucCcIeJOBaHME  TaKHX
(yHZaMEHTANBHBIX SBIEHHMH KaK IIEPEXOA IIOTPAaHMYHOTO CJOA Ha
3aTyIUIEHHBIX Tenax, 3(¢QexTsl peanpbHOro rasa Mpu B3aHUMOJCHCTBHU
NOTPAaHUYHOTO CJIOSI M CKAa4YKOB YIJIOTHEHHUS, BIMSHHE KaTaJIUTUYHOCTU
NOBEPXHOCTH U Jp. O(h(EeKTHBHOE BBHINOJHEHNWE ITOCTABICHHOW 3a/1a4u
NpeIycMaTpUBaeT IIUPOKUE IPENNOJIETHbIE HCCIEJOBAHUS, B YAaCTHOCTH -
pacueTHbIE HCCIENOBaHUS COBPEMEHHBIMM UHCIEHHBIMH METOJaMHU U
SKCIEPUMEHTANbHBIE UCCIIEA0BAaHMs MO/IeTIeH B Ha3eMHBIX yCTaHOBKax [2, 3],
JUTSL BOBMOXKHOM 3KCTPAIOJISIUY JAHHBIX HA TIOJIETHBIE YCIIOBHSI.

B JOKJIaje TIPEACTaBIICHEI " 00CyXIaroTcst Pe3yIbTaTHI
JKCIepUMEHTANBbHBIX uccinenoBanuit Mmogenu EXPERT, a umeHHo:

- CyMMapHbI€ a3pOANHAMUYECKHE XapaKTEPHUCTUKH MPU Pa3IMIHBIX yTilax
aTaky ¥ KPeHa, OTyuYeHHBIE B Pa3INYHBIX a3pPOANHAMUYECKHUX TPyOax;

- pe3yIbTaTHI U3MEPEHUIT Tepexoa MOTPaHUIHOTO CI0s IpH M = 4;

- TaHHBIE 10 PaCIIpeeNICHHIO JaBJIEHU 110 MOBepXHOCTH pu M = 8 u 10;

- pacTipesielleHUs] TEIUIOBBIX IIOTOKOB I10 ITOBEPXHOCTH MOJETH IpH
M=14.

[lonmydeHHble pe3ynbTaTbl TO3BOJMIM BBISIBUTH Psil  OCOOEHHOCTEH
asporazomuHamuku moxenun EXPERT takux kak crmabas 3aBHCHMOCTB
MIPOAONBHOM CHJIBI OT yrja aTakd IpPH CBEPX3BYKOBBIX U TUIEP3BYKOBBIX
CKOPOCTSIX, MPAKTHYECKOE OTCYTCTBHE 3aBHCHMOCTH a3pOAMHAMUYECKHX
XapaKTEepUCTHK OT yIila KpeHa MOJAENIHM OTHOCHTEIBHO IIPOAOJIFHOM OcH,
HaJIM4Ue Iepexojia IMOTPaHHYHOTO CJIOSI Ha HOCOBOW 3aTYIUICHHOW dYacTh
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anmnapaTa, OTPBIBHBIE 30HBI B 00JIaCTH IIMTKOB MPU B3aUMOJICHCTBUU CKaYKOB
YIUIOTHEHHS C TOTPAHUYHBIM CJIOEM U JIP.

Pabora Brmosnena npu nogaepxxke MHTLL B pamkax npoexToB Ne 2109 u
Ne 3550.

Jluteparypa:

1. Walpot L., Ottens H. FESART/EXPERT aerodynamic and
aerothermodynamic analysis of the RAV and KHEOPS configuration.
Technical report, TOS-MPA/2718/LW, ESTEC, 2002.

2. Kharitonov A.M., Adamov N.P., Brodetsky M.D., Vasenyov L.G.,
Mazhul I.I,, Zvegintsev V.I., PaulatJ.C., Muylaert JM., Kordulla W.
Investigation of Aerogasdynamics of Re-Entry Vehicles in the New
Hypersonic Wind Tunnel at ITAM // Proceeding of the 44th AIAA
Aerospace Sciences Meeting end Exhibit, Jan. 9-12, 2006, Reno, Nevada,
USA, (ATAA Paper No 2006-0499).

3. AnamoB H.II., Bbponenxuit M.J., Bacenes JLI., 3Berunues B.U.,
Maxyne U.U., Xapuronos A.M., Paulat J.C., Muylaert J.M., Kordulla W.
HccnenoBanust a’poJuHAMHKM BO3BpAIaeMbIX allapaToB IPU HATypHBIX
3HaYeHHsIX urceln PeitHonpca / Temnodusnka u aspomexanuka. - 2006. — T.
13.-No.3. - C.341-351.

HccenenoBanne TenJoBbIX MPOIECCOB B CHCTEME «YeJIOBEK —
OKpY:KaLIas cpeAa» B YCJAOBHIX BHICOKHX TEMIEPATyp
EBrymenko H.H., Xpomosa U.B., Tpybauesa B.A.
HI'TY, HoBocubupck

B HacTosmmii MOMEHT OJHOW U3 akKTyaldbHBIX 3ala4 B 00JacTu
OnoGU3NKN U TEIUIOQU3NKU ABISICTCA pa3paboTKa (PU3UKO-MATEMAaTHUECKUX
MOJIeNel JKUBBIX cHCTeM. JlaHHas 3amada wMeeT OOJBIIOE MPHKIAIHOC
3HaYeHWe B 00JacTH pa3pabOTKU W ONTHMHU3AIUU DIEMEHTOB CHCTEM
KHU3HEOOECIICUeHNs!, HAPABICHHBIX Ha OOecIlieueHrne TEmIoBoro komdopra
JUIS YelloBEKa B pPaMKax CHCTEMbI «4ENIOBEK — OKpY»XKarolias cpena», B
YaCTHOCTH, 9TO OTHOCHTCSI K 3aJade 3alluThl YelIOBeKa OT MeperpeBa MpH
HaXOX/ICHMH B YCIOBHSAX BBICOKMX Temmeparyp. JlaHHble YCIIOBHs
BO3HHMKAIOT MPH aBAPUHHOM OTKIIOYCHUH CHUCTEM KOHIUIMOHUPOBAHHS B
repMokaOWHAX JICTATEJNbHBIX  alapaToB, MPHU3CMICHHHM OJKHMaXa B
9KCTPEMANTbHBIX YCIIOBHSIX, & TAKKE MPH TOHKEIOH (U3NICCKOI HAarpys3Ke.

OcHOBHO# 3amaueil paboOThl sBisieTCs pa3paboTKa OpPUTHHAIBHOU
KOMIIBIOTEPHON MOJIENH pacydera, KOTopas MMUTHPYET COBMECTHYIO paboTy
KPOBCHOCHOM CHCTEMBI M CHCTEMBI TEPMOPETYJSIMMA YEJIOBEKA IMpH
BO3JICHCTBUY Ha HHUX pA3IMYHBIX BHEIIHUX (U3NYECKUX (DAKTOPOB B
[IMPOKOM JMara30He MapaMeTpoB BO3AYIIHOM u BoaHOU cped. Pabota
MpeAyCMaTPUBAET YCOBEPIICHCTBOBAHUE pPa3pabOTAHHON paHee METOIMKU
pacuera 3a cueT BKJIIOYCHUSI B HEE HOBBIX (DU3UYECKHX SIBICHUH U MCHXO-
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MOP(OJOTHYSCKHUX OCOOCHHOCTCH OpraHu3Ma, a TaKKe MOJCPHH3AINN
IMakKeTa MPUKIAJHBIX ITPOTrpaMM.

C mnoMompl0  MOJENM  NPOBOJMTCS  KOMIUIEKC — HCCIIEOBaHHN
3aKOHOMEPHOCTEH TETUIOBBIX IPOLIECCOB B CHCTEME «UEJIOBEK — OKPYIKaromast
cpefa» B peXMME THUNEPTEPMHUH, IPU HAJIMYMH W OTCYTCTBHUH CPEICTB
TETJIOBOW 3aIIUTHI YEeNIOBEKA. Y CTAHOBJIEHHBIE 3aKOHOMEPHOCTH ITTO3BOJIIT B
MIEPCTIEKTUBE MOBBICUTH (P PEKTHBHOCT, SKOHOMHUYHOCTD M COKPATUTH CPOKH
pa3pabOTKH CHCTEM 3alHTHI.

Pa3zpaboTanHas MoOJEnb TO3BOJSIET HCCIENOBaTh KOMOWHHMPOBaHHOE
BO3JICHCTBHE HECKONBKHAX (PH3nUecKuX (paKkTOpOB (TeMIepaTypa, TpaBUTaIs,
WHEPIMOHHBIC CHIIBI, KOMIIPECCHOHHOE AaBJEHHE, (H3MUYecKas Harpys3ka U
T.I.) Ha YENOBEYECKHH OpraHM3M C Y4eToM TIIola, Bo3pacTa H
UHIMBHIYAIIbHBIX TCHXO-MOP(OIOTHUECKHX OCOOEHHOCTEH OpraHu3Ma.
I[aHHI:Iﬁ MOAXO0J ABJIACTCA HOBBIM HAIIPAaBJICHHUEM B O6J'IaCTI/I MOAECINPOBAHUA
OMONMOTMYeCKNX OOBEKTOB W HKHMBBIX CHCTEM, II03BOJSIET TOJYyYHUTh
MIPUHIMIHATGHO HOBBIE PE3YJIBTaThl M OTKPHIBAET HOBBIE HAINpPaBIICHHS
pa3BUTHS TEMIO(U3NUECKUX UCCIIEOBAaHNH.

Pe3ynpTaThl pacyeToB KadeCTBEHHO M KOJIWYECTBEHHO COTJIACYIOTCS C
W3BECTHBIMH JKCIIEPUMEHTAIbHBIMUA JTaHHBIMH M JAIOT BO3MOKHOCTB
pacuIMpuTh paMKH, YCKOPHTb M YIPOCTHTH IPOBEACHHE HCCIEIOBaHHI B
OoJiee MUPOKOM AMATA30HE NMAPAMETPOB, a TAK JKE€ CYIIECTBEHHO JOIOIHUTH
9KCTIIEPUMEHTHI.

Pabora BeInosHEHa npu (UHAHCOBOM mojanepxkke rpanta PODU Ne 09-
08-00321-a

IIpoexkTHpOBaHMe A3POTrHAPOKOCMHUYECKUX CHCTEM B COOTBETCTBHHU C
I'oCT P UCO 9001-2008
Maxpos B.I1., Tokapes B.E., Aunpuanos O.U.
MAM, r. MockBa

OneIT  co3manust B TpoekTHRIX — opraHm3ammsx  (IIO)  cucrem
MeHemxMenTakadectBa (CMK),coorBerctBytomux Ttpeboanusm ['OCT P
HCO 9001 — 2008 moka3zam, 4TO MJISAYCHENIHOTO MX (PYHKIIMOHMPOBAHUS H
pa3BUTHsI HEOOXOIMMO HE TOJIBKO BBIIIOJIHUTH BCE TPEOOBAHMS CTaHAAPTA, HO
TaK)Xe Y4eCTb 0COOCHHOCTH MPOEKTUPOBAHUS B a@3POKOCMHUECKOI! oTpacy, a
TaKKe CJIOXKHUBIIYIOCS TPAKTUKY paboTel KoHKpeTHbIX [10. Ilpuuem,
CYIIECTBYET JIBa THUIA PabOT 1Mo oOecreueH 0 KauecTBa poayKuHy. [1epBoiii
3aKJIIOYaeTCs B «BCTPAMBAaHMM KadyecTBa» BTEXHOJIOTMYECKHH Tpolecc
NIPOEKTUPOBAHUSA, T.€. W3MEHEHHE, HalmpuMep, MCXOIAHBIX JAHHBIX W
TEXHHUYECKUX YCIIOBUH, TpeOOBaHWMII K pe3ynpTaTy W T.I. BTopoit — B
npuBenennn cymectytomeii CMK B coorBerctBue TpeboBanmsm ['OCT P
HNCO 9001-2008, T.e. COBEpIIEHCTBOBAHUN HCIOIB3YEMBIX HHCTPYMEHTOB
YIpaBIeHUS] TPOIIECCOM IPOEKTHPOBaHWSA.B coBokymHOCTH 3TH paboTHI
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rapaHTHPYIOT JOCTIDKEHHE TPeOyeMOro KadecTBa KOHEUHOH NMPOAYKIHMH, a
TaKke 00ecreYeHHe ONTHMAIBLHON Ce0eCTOMMOCTH MPOEKTHBIX padoT. DTh
paboThl, €CTECTBEHHO, JOJDKHBI OBITH CBS3aHBI MEXIy COOOH W
OCYIIECTBISIThCSL MapajurenbHo. OHAKO B peaNbHOM JKU3HH HaOJIONAI0TCS
pacxoxnenuss Mexnay crangapramu  CPIIIT  (Cuctemsl pa3pabotku u
TTOCTaHOBKH MPOXYKIMH HAa IPOM3BOACTBO) M ctangapTamu ICO cepun 9000
Bepcuun 2008 roma. Tak Kak B OCHOBOIIOJNArarOUIEM TI'OCYIAapPCTBEHHOM
cranaapre PD mo pa3paboTkn M TOCTAaHOBKHM MPOIYKIMH Ha TIPOU3BOJCTBO —
I'OCT P 15.000-94 moHATHE TPOCKTHPOBAHHE HEJOCTATOYHO YETKO
OTpPa)XE€HO, U MOXKHO MPEAIOaraTh, 4To MPOIECC MPOCKTUPOBAHUS BKIIOUCH
B rpymity «VccnemoBanus u aBaHnpoext» 3roi cepunt [[OCT.

Take  HEOOXOAMMO  OTMETHTh, 4YTO  BCIEACTBHE  yIIIyOJIeHHs
CTeUaIn3alii, Pa3BUTH PHIHOYHBIX OTHOILEHUH MEXIy CcyObeKTaMH Ha
MPOEKTHOM PBIHKE a3pOrHMIPOKOCMUYECKHX CHUCTEM M BBICOKOH CI0XKHOCTU
9TOr0 BHAA AEATEIHHOCTUBO3HHKAET HEOOXOIMMOCTh B IEpEAadyd 4YacTH
MIPOCKTUPOBAHUST WIM HMHOM (YHKIMM 10 ayTcopcHHry. [lostomy
HE0OX0MMO MOMHHTB, YTO MEPEaHHYO0 YacTh HE TOJILKO HEJb3s1 HCKIII0YaTh
n3 CMK, HO kpaiiHe BaXHO mpopabOTaTh IPOLECCH BHIOOpA, OIEHKH,
TIEPEOIICHKH, OIpEAeTICHUs] 00beMa M THIA YIPaBICHUS, a TaKKe o0beMa
BXOJHOTO KOHTPOJISI NPOIYKIIMH ayTcopcepa.

Bp100p ONTHUMAJIBHOTO 23POAMHAMMYECKOT0 00JIMKA KPbLIATONH paKeThl
cpeaHeil JaJbHOCTH
bansik B.M., be3nenkuna E.JI.
MAMW, r. MockBa

B pabore paccmaTtpuBaercst MeTOJ| TJI00aNbHOTO MOUCKA ONTHMAIBHOTO
a3pPOAMHAMUYECKOT0 00JIMKA KPbUIATOH PaKETHI.

[Ipenmonaraercs, 4Tro IO pe3yJbTaTaM JETHBIX HCIBITAHUH W3BECTHEI
(a3oBbIe XapaKTEPHCTHKH ammapara, M0 KOTOPHIM MOXXHO BOCCTAHOBHUTH
COOTBETCTBYIOIINE a3POJMHAMHYECCKUE XapaKTepUCTHKU. B obmem ciydae,
9TH XapaKTEPUCTUKU HMEIOT OIPEAEIECHHbIE PACXOXKICHUS C MOJCIbHBIMU
XapaKTEePUCTUKAMH H, COOTBETCTBEHHO, HEOOXOANMO MPOBOAUTH KOPPEKIIHIO
TaKUX  adpPOAMHAMHUYECKMX  3aBHcuUMocTeil. CTemeHb  COIIacoBaHMSA
MOJICNIBHBIX M OKCHEPUMEHTAIBbHBIX JaHHBIX OCYIIECTBIIETCS 3a CYET
KOPPEKTHPOBKH a3pOAMHAMHUYECKUX IPOU3BOJAHBIX, KOTOpPBIE BHIOHpAIOTCA
MO0 KPUTEPUSIM CTATHCTUYECKOTO COTJlacHs — TaK Ha3BIBAEMBIM KPHTEPHUAM
peryJipHOCTH. JIOMOJHUTENBPHO K JTUM KPHUTEPUSM PpPaccMaTpPUBAETCS
KpPUTEpUIl MJaNbHOCTH TIOJIeTa, B pPE3YJIbTaTe 4YEro BBIOOP IPOEKTHOTO
peleHus OCYIIIECTBIAETCS B YCIOBHAX MHOTOKpPUTEPHATIBHON
HEONPE/ICIEHHOCTH.

JlaHHast 3amava ObUIa pemieHa METOAOM OOpaTHBIX (YHKIMH, B KOTOPBIX
apryMeHTaMH SBIIIIOTCS KpPUTCpUAIbHBIE OLEHKH, a 3HadeHUs (QYHKIMH
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COOTBETCTBYET 3HAUCHHSM BHIOHMpPAEMBIX MApaMETPOB, B KAueCTBE KOTOPHIX
MIPUHSITHI 23POIMHAMUYECKUE MPOU3BOIHEIE.

Pemienne MozmenpHOM 3aaun Al KPbUIATOM pakeThl CpelHEN NanbHOCTH
MmoKa3ao 3PQPEKTHBHOCTh PACCMOTPEHHOTO TOJXO0Na, KOTOPBIA ITO3BOJIMII
OJIHOBPEMEHHO YJIYUIINTbh, KaK KPUTEPHI cOTNlacusi, Tak U JAJIbHOCTh MOJIETA.

Bb160p onTHMANBHBIX 00JIMKOB XaPAKTEPUCTHK 0eCIUJIOTHOIO
JIeTaTeJbHOI0 annapaTa MoAu(GpUIUPOBAHHBIM METOAOM IITPa(HBIX
Gynxumii
Baneik B.M., bocsix H.B., JlementseB H.A.

MAMWU, r. MockBa

PaccmaTpuBaeTcs 3amaua BbIOOpa ONTHUMAIBHOTO OOJNMKa OECHHIOTHOTO
neratenbHoro ammapata (BJIA) crapTyromero ¢ aBHAIMOHHOTO HOCHTEIIA.
KavecTBo ammapara orieHMBaeTCs MO KPUTEPHAM IIpoMaxa, yria IoJJieTa
amnmapata K ULeNd, M 10 CTaTUCTHYECKMM KputepusiM. CraTHCTHUECKHe
KPHUTEPUH TO3BOJISIIOT OLIEHUBAThH CTETIEHb COBMAJICHUSI XapakTepucTuk bJIA
C JIaHHBIMH JKcrepuMeHTa. TakuM oOpa3oMm, 3ajada CBOIHUTCS K 3ajaye
MHOTOKPUTEPUATILHOTO BBHIOOpa, pEelICHHE KOTOPOW CTalKMBACTCS C PSAOM
KOHIICTITYaJIbHBIX POOIIeM.

B paccmarpuBaeMoii paboTe Bce KpUTEpUH, KPOME KPHUTEpHs IpoMaxa,
OBIIM YCHEIIHO CBEJCHBI K ()YHKIMOHAIEHBIM OTPaHUYSHUSM, U ITOJTydeHHas
3aj7a4ya Ha YCJIOBHBIN 9KCTpeMyM OblIa penieHa ¢ ITOMOIIBI0 HOBOTO METOJa
rJI00aJIbHOTO TOWCKA, YTO MPUBENO K MOAM(HKALUH MeToAa MTpadHBIX
(bYHKIHA.

C mpuMmeHeHHEM pa3paboTaHHOTO MeToja Oblla pemieHa MOJEIbHas
3aja4ya, CBsI3aHHas C a’POJMHAMHYECKUM IPOSKTHPOBAHUEM. 31eCh ObLIN
MIPUHATEL TIEPEUYMCICHHBIE BHIIIE KPUTEPHH, a B KadyecTBE IIapaMeTpoOB
BBICTYIAIOT a3pOANHAMHYECKHE POU3BOAHbIE. [lomydeHHbIe penieHus ObUTH
MIPE/ICTABIICHBI B BHE ONTHMAJIBHBIX a3POJANHAMHYECKHX TPOH3BOIHBIX, YTO
TIO3BOJIHIIO TOBBICHTH 3()(EKTHBHOCTh MHOTOKPHTEPHATEHOH ONTHMHU3ALUH
1 3a CYET 3TOTO YIYUIINTh KpUTEepHil mpomaxa Oosiee gem Ha 20%.

IpuMeHeHne PeHIETYATOr0 KPbLIa JJIsl CO3AHUS JOMOJHUTEILHOM
MOBEMHOIA CHJIbI HA JIETATEJILHOM anmnapare
bansik B.M., Benenkos K.B.
MAMW, r. MockBa

B pabore paccmarpuBaercs crmoco0 cO3laHMS  JIOTIOJHHUTEIHHOM
MOJbEMHOM CHJIBI Ha JIETaTeNIbHOM almapare 3a CcuYeT IIOCTAaHOBKH B
COIUIOBYIO YacTh TypOopeaktuBHoro nasurarens (TPJl) pemierdatoro kpsuia.
JononnutensHass TOABEMHAsl CHJIAa CO3JACTCS PEAaKTHBHOW  CTpyel
otpaboTaBIneil B OCHOBHOM mukJje pabotel TP/I.
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MoaenupoBaHue peniéTyaToro Kpbljla B COCTaBe JIETATENbHOIO amrmapara
MOKa3ajio, 4TO MPUPOCT MOJHEMHON CHIIBI COCTABJIAET Mopsiaka 7-8% OT ero
HayaJIbHOM Macchl, MPU CKOPOCTH NPOAYKTOB CrOpaHHsi U HUX IUIOTHOCTH
xapakTepHsIx 11 TPI.

Takum o00pa3oMm, eciau CTaHAapTHAs KOMIUICKTAIUS JICTATEIBHOTO
anmapara coctouT u3 4 TP, To cymmapHasi JOMOJHUTEIbHAsT MOJbEMHAas
cuina coctaBuT mnopsaka 28-32%, 4yTo sBiIsSEeTCd BecbMa BECOMBIM
MoKaszareneM, [Uisl JOCTHXKEHUSI KOTOPOrO  CTaHAAPTHBIMHU  MYTSAMHU
moTpeOOBaTUCh OYEHB OONBIIHME 3aTpaThl W 3HAYMTEIFHOE YBEIHYCHHE
€aMoro JIETaTEeJIbHOIO alnmapara.

Takke NperyCMOTpPEHAa BO3MOXHOCTb PETYJIUPOBKU JONOJHUTEIBHON
MOILEMHON CUJIBI MTyTEM YCTAHOBKH Pa3IMYHBIX YTJIOB aTaKd HA PEeMIETIaATOM
KpBLIIe.

CucremMa BHYTPEHHHX KPBUIbEB MO3BOJISET CO3JaTh PsIi MPEUMYIIECTB ISt
JIETaTeNIHOTO armapara:

Co3znaercst BO3MOXKHOCTh BEPTUKAJIBLHOTO CTapTa.

DKOHOMHUSI TOTLINBA, MPHU TEX K€ IKCILTYyaTallMOHHBIX MMOKa3aTeNsX.

YBenndeHne none3Hoi Harpy3KHu.

Opranuzanuusi ymnpaBjieHHs JIETaTEIbHOIO ammapara 3a CUeT CO3JaHHs
Pa3IMYHBIX YTJIOB aTaK! Ha PELIETYATOM KpbUIE.

YMeHbIIeHHe UIMHBI TIOJIOCHI Pas3TOHA, YTO MOXET OBITh MOJIE3HO B
OTIAJIEHHBIX pailoHax.

Bo3MoXHOCTh TpH HEOOXOAUMOCTH CHSTHS WM TOCTAaHOBKH CHCTEMBI
BHYTPEHHUX KpbulbeB B TP/,

IIpocToTa 3TOI KOHCTPYKIIMH, JIETKOCTh B €€ SKCILTyaTallii, BO3MOKHOCTh
YIyYIIEHUS JIETHBIX XapaKTepUCTUK TMPH MHUHUMAIbHBIX 3arpaTax,
BO3MOXHOCTH MOJIETUPOBAHUSl Pa3IMYHBIX BAPUAHTOB CHCTEMBI TIOJ
KOHKpETHBIE IIeJIM BCE JTO JEJaloT pelieryaTroe KpbUio BechbMa
MEPCHEKTUBHBIM, TO3BOJISIIOUINM CYIIECTBEHHO YIYYILIUTh BO3MOXHOCTHU
COBPEMEHHBIX T'PaXIaHCKUX CaMOJIETOB.

UmncieHHBIH pacyeT TeYeHUIT HEBA3KOI HeCKUMaeMO KIIKOCTH ¢
NepPeHoCoM rPAHUYHBIX YCI0BHH
Axumos E.H., Bunorpanos M.B.
MAMW, r. MockBa

B psape 3amau, ONMCHIBAIOIIMX TEYEHUS CIUIOIIHOM cpelpl, HEe YAaeTcs
MOCTaBUTh HA0Op TPaAMIMOHHBIX TPAHUYHBIX YCIOBHH HEOOXOIMMBIX LIS
3aMbIKaHMd 3ajadyd. B 9TOM cioyuae, ANS  HAXOXAEHHS  pelICHUS
HCIOIb3YETCsl METOJMKA MEePEeHOca TPAHUYHOIO YCIOBHUS, 3aKJIIOUAIOIIAsACs B
MOCTPOEHNH 3((HEKTUBHOTO TPAHUYHOTO YCIOBHUS Ha HEKOTOPOH BBIOpaHHON
rpannne. IlocTpoeHWe TPaHWYHOTO YCIOBHS OCHOBBIBACTCSA Ha TEOPHH
Pa3HOCTHBIX OTEHIHAIOB.
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PaccmaTpuBaeTcss OCECHMMETPHYHOE TEUSHHE HEBSA3KOH HEC)KHMMAEMOM
xkunkocT. IlojaraeTcs, 9To Ha ero rpaHuile (TBepaOod, CBOOOIHON)
TPaHWYHBIC YCJIOBHS ONpeNeNieHbl He MOJIHOCThI0. Ho mpu sToM, Tpebyercs
yIIOBJIETBOPEHUE pelIeHust ypaBHeHHMIO Jlamaca BO BHemIHel o0mact,
BBINOJIHEHUE YCIIOBHS Ha OECKOHEYHOCTH M CMBIKAHHE BHEIIHETO TEUECHUS C
pelIeHrneM ypaBHEHMS, OMTUCHIBAIOIIAM HCKOMOE TCUCHHE.

B Teopum pazHOCTHBIX TOTCHIHMAIOB HUCIIONB3YETCS Pa3HOCTHBIN aHAIoT
YpaBHCHHWI JBWKCHHS JKHUAKOCTH. llpemnaraemplii anroputM pacueTa
OCHOBaH Ha TMPHUMEHEHWH METOAA TPAaHWYHBIX HHTETPAIFHBIX YpaBHEHUH,
KOTOPBIM TakKe KaK M CETOYHBIM METOJ TI03BOJIIET CO34aTh TPaHUIHOE
yCIIOBHE, 3aMBIKAIOIIEe 3a1a9y.

CocTaBiieH alrOpuTM pacdyera HeOOXOIMMOM MATPHUIBI CBSI3U HCKOMBIX
(I)I/I?:I/I‘ICCKI/IX BCJIMYUH Ha IBYX 6HI/I3KI/IX TMMOBEPXHOCTAX.

Ucnone3yemsblit B pabore Meroj OJIM30K K METOLY HPOJIOKEHHBIX
TPaHUYHBIX YCIIOBHH, KOTOPBIH CBOJAMT OCHOBHYIO KPaeByIO 3ajady K 3aj1ade
C TpaHUYHBIM YCIIOBHEM, 3aJaHHBIM Ha [OBEPXHOCTH OJM3KOH K
MTOBEPXHOCTU OTPAHUYHMBAOIIECH 00JIaCTh MIPOCTPAHCTBA KpacBol 3amaun. Ho
MAHHBIA MeTOJ He TpeOyeT O0sI3aTeTbHOCTH OJHOTUITHOCTH TPaHUIHOTO
YCITOBHSL.

PaccMoTpeHBI HEKOTOPBIE 33Ja9i TEUCHUI TPH pa3HBIX THITAX TPAHUIHBIX
YCIIOBUM M MHTETPAIBbHBIX YpaBHEHWH. Pe3ynbTaTbl BBIUMCIEHUN NOKa3alu
paboTOCTIOCOOHOCTh aNrOpUTMa, KakK UL CIydas MOTCHIIHATBFHOTO TEUEHHUS,
TaK U AJ1s1 TCUCHUS C O6J'IaCT5[MI/I 3aBUXPECHHOCTH.

KoMO0nHupoBaHHas KaBepHO(OpPMHUPYIOLIasi cHCTeMa
I'mymenko A.A., Maxpos B.II.
MAMU, r. MockBa

B nokiame paccMaTpHBAROTCS BO3MOXKHBIC TEXHHYECKHE PELICHHST
KOMOWHHPOBAaHHOW KaBepHOMDOPMHPYIOIIEH CHCTEMBI, COCTOSIIECH W3
HEMOJBIKHOTO OCECHMMETPUYHOTO Teda (KaBUTaTopa), BBIIOJIHEHHOTO,
Harpumep, B BUJIE IHCKA WM KOHYca M KOAKCHaJIbHO OXBATHIBAIOILETO 3TO
TEJIo KOJIBLIEBOT'O KpbLa, HMEIOIIETO COOTBETCTBYIOIIUH
THIPOIMHAMUYECKUH MPO(WIb B CEUCHHH C OE30TPBHIBHBIM OOTECKAHHEM.
KpBIJ'IO HUMECT BO3MOXKHOCTb HU3MEHATH YI'oJl aTakKh OTHOCHUTEIBHO
KaBHTaTOPA.

C wucrnons3oBannem mporpamm Flow Vision u Solid Works nccrnemyercs
XapakTep HW3MEHEeHHs (GOpMBI TEUEHHs CO CBOOOIHBIMH TpaHUIIAMH 32
KaBUTaTOPOM TMPU  pa3IMYHBIX yIJIlaX aTakd Kpblla OTHOCHTENHHO
kaBuTaropa. [lokazaHo, 4TO KPBUIO MOXKET HE TOJBKO (POPMHUPOBATH KaBEPHY
C HEOOXOJIMMBIMH T€OMETPHUYECKHMH IapaMeTpaMH, HO U CO3/aBaTb
TpeOyeMyIo 10 YCJIOBHIO OOTEKaHMs MOABbEMHYIO CHly. B aTOoM ciydae kak
MOKA3BIBAIOT ~HCCJICHAOBAHHS KPBUIO IPEABAPUTEIBEHO JIOJDKHO  OBITH
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YCTaHOBJIEHO Ha COOTBETCTBYIOIINI YToJl aTak JIM00 UMETh IIEPEMEHHYIO 1O
oOpasyroliell BENUYUHY LUPKYJISiOud. VI3MeHeHue yria aTaku Kpbuia
MIPUBOAUT K M3MEHEHMIO T'PaHHUIl TEUEHUS, YCIOBUSAM 3aMbBIKAHUS U JPYTUX
rmapamMeTpoB TedeHus. B janpHeidimieM OyIyT pacCMOTPEHBI YCIIOBHS
(hopMHpOBaHUS KaBEPHBI TIOCTOSIHHOTO 00BbEMa UIsl 3aJaHHOTO 00TEKaeMOro
TeNa IpU N3MEHEHUH €TI0 MacCHI.

Jluteparypa:
1. Maxpos B.II. ['unpoanHamMuiKa yrpaBiIsieMBIX TEUEHHH CO CBOOOIHBIMU
TpaHHIAMH, (bopMupyeMbIMU c HCIIOJIb30BAaHUEM BHETITHEN

THIPOAMHAMUYECKOH O0COOEHHOCTH — KOJNBIEeBOro Kpbuta//Bectank MAW
T.16, Ne5.C.264-273.

Hcnonb30BaHue HAHO YACTHIN AJIS1 YJIyYIIEHHs] CBOICTB
AeMI(HUPYIOLIero ruApoNnoOKpPbLITUS
Hemenés A.O., Maxpos B.I1.
MAMU, r. MockBa

B pabote paccmarpuBaercs 3a1ada 110 MCHONB30BAHNIO HAHO YACTHIL IS
TIOBBIMICHUS] TPOYHOCTH M CTOWKOCTH KOMIIO3WIIMOHHOTO Marepuana,
MIPAMEHSEMOTO B TIOJBOJHOM TEXHWKE B KadecTBE JAEMII(PUPYIOMIETO
MOKPBITHA. Takoe IMOKPBITHE HCIOJB3YETCsl AJISI CHHXKECHHUS BO3HHKAIOIINX
TypOyJIEHTHBIX IyJbCalliii Ha TOBEPXHOCTH OOTEKaeMBIX Tel W
COOTBETCTBEHHO CHIDKEHHMS WX TUAPOAMHAMUYECKOTO COIPOTUBIICHHUS.
OpHako CTOHMKOCTh TaKHX IIOKPBITHH, OCHOBAaHHBIX Ha IPUMEHEHHUU
IJIEHOYHBIX KOMIIO3WMIMOHHBIX MAaT€pHaioB, SIBHO HEAOCTATOYHA IIpU
9KCIUTyaTalli, OCOOEHHO B YCJOBHSIX Jla)Ke€ HE3HAYMTENBHBIX 3arpsi3HEHHN
MOPCKO¥1 cpezibl, HalpuMep B OPTax, a TAKXKe IPU HATUYUH B BOZE JIbAA.

[IpoBenen aHanu3 CymeCTBYIOMMX METOJOB BHEAPEHUS! HAHO YAaCTHIL IIPH
W3TOTOBJICHUH  KOMITO3MLMOHHBIX MAaTe€pUaJOB JUIA  TIOBBIMICHHS HX
MIPOYHOCTHBIX CBOMCTB. PacCMOTpeHBI CymIecTBYIOIIME METOABI pacuéra
MIPOYHOCTH MaTepHaliOB, MCIOIB3YIOINX B CBOCH CTPYKTYpe MHKpPO W HAHO
YaCTHLIBI. PaspabatriBaeTcs aINTrOpPUTM pacuéra MIEHOYHOTO
KOMITO3MLIMOHHOTO MaTepuaja MNpH HaIWYMd HAHO YacTHI[ C Y4YETOM
crenn(uKy ero paboThl KaK AeMII(PHUPYIOIIETO THAPOTIOKPBITHSL.

Bbi6op ¢pyHknuu ynpapiaeHus 0eCUJIOTHOIO JIeTaTeIbHOT0 annapara
METO0/I0M IJI00aJbLHOr0 MoucKa
JementreB H.A., bansik B.M., boceix H.B.
MAMU, r. MockBa

Ponp onTuMu3anMM B TpPaKTHYECKUX 3afavyax MPUCYTCTBYeT B JIHOOOH
o0NIacTH Hay4HBIX, TEXHOJOTHYCCKUX, HSKOHOMHYECKHX W COLMAIBHBIX
HHTEpEeCcOB,  BKIIOYAs  (U3MYecKHe  Haykd  (TEOpHH  yIpPYrocTH,
THIPOAVWHAMUKY, HeOecHas MeXaHWKa), HHpopMaTuke (IPOEKTHPOBaHHE
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CBHC), npOMBIIUIEHHBIX TEXHOJIOTHI (ONTUMAJIFHOTO YIIPAaBICHUS CHUCTEM
peryiupoBaHus, ONTHMM3AalMM  TPOU3BOACTBEHHBIX IIOTOKOB  dYepe3
3aBOJICKHE JIMHUM), ¥ SKOHOMHUKH (ONTHMAaIbHOE TMOAJEpP)KaHHE CKIIAJCKUX
3aI1acoB, ONTHMAJILHBIE 3aTPaThl Ha TPOU3BOJICTBO).

B pabore paccmarpuBaeTcss HOBBIH METOX TIJIO0AJBHOTO  IOUCKA
TIO3BOJISIIOIINI BBIOMpATh HE TOJNBKO NMPOEKTHBIE ITapaMeTphl JIETATEIbHOTO
anmapaTta, Ho ¥ QyHKIuH yrpasieHus. Pa3paOoTaHHbBII METO OCHOBBIBAETCS
Ha JBYX OCHOBHBIX OIE€palUsIX CTaTHCTHYECKOTO CHUHTE3a: peayKIus,
KOTOpasi CBOJUT N-MEPHYIO ONTUMH3ALMOHHYIO 33[1a4y K N-OJHOMEPHBIM H
WHBEPCHIO, KOTOpasi CTpOUT oOpaTHyI0 (yHKIMIO. B cooTBeTCTBUH € 3THM
mpu padoTe IAHHOTO METOJA IIPOEKTHBIC MapamMeTpsl (OPMHUPYIOTCS B
GYHKIMM OT TOpPUHATOTO B 3ajade HE3aBUCHMOIO apryMeHra u
COOTBETCTBEHHO, €CITM B KaueCTBE TAKOI'O apryMeHTa BBICTYIAeT BpeMs, TO
9T0 OyJIeT COOTBETCTBOBAThH BHIOOpPY ympaBistomux (yHkuuii. B kauectBe
6azucHbIX QyHKUUi npumensercs psg Oypbe, B KOTOPOM KOI(QPHUITUEHTH! 1
YacToTa BHIOMPAIOTCS IO TMPHHATOMY B 33aJade KPUTEPHIO ONTUMAIBHOCTH. B
CBOIO OUepe/b OIepalys PeIyKIHH ITO3BOJISIET Ha KaXI0W UTepauuu paboTsl
METOJa peIIaTh HE N-MEPHYIO0 HCXOAHYIO 3a7ady, a TPEX-MEPHYI0, B KOTOPOU
BEIOMpaeMBIMHU TTapaMeTpaMu SBISIIOTCA Kodddummentsr Pypre U gacToTa
nponecca. PaccMOTpeHHBI MOAXO0A MOXKET OBITh paclIpeH W Ha JpyTrHe
3a[1a4d MPOEKTUPOBAHM JIETATEIbHBIX alllapaToB, B YaCTHOCTH, HA 3a/1a4e
MIPOTHO3UPOBAHUS TEXHUYECKUX XapAKTEPUCTHUK JIETATEIBHOTO alapara.

Meron T100aNBHOM ONTUMH3ALMK ANpPOOMPOBAIICS HA Psie TECTOBBIX
3amad Takux Kak: Owim, Gyskius Jle /[xonra, Pactpurnna, PosenOpoka,
HIBedens, ['paiiBenka u T. 1. [lonyueHHbIe pe3yNbTaThl IOKA3aJIl HE TOIBKO
rapaHTHpPOBAaHHOE HAaXOXJEHHUE TJIOOATBHOTO JKCTpEeMyMa, HO W  €ro
BBICOKYIO CKOPOCTH CXOIMMOCTH. B paccMoTpeHHO# paboTe NaHHBIH METOX
pemaer 3aja4dy BbIOOpa ONTUMAaJbHOW (PYHKIMHU YIIPaBIEHUS JIETATEIHLHOTO
amnmapaTa, HO TaKke OH MOXKET OBITh HCIIOJB30BaH Ul MOWCKa Hamboiee
TOYHBIX W 3(GQEKTUBHBIX pEIICHHH aOCOIIOTHO pa3HBIX TEXHUYECKHX,
MIPOEKTHBIX, 3KOHOMHYECKUX 33/1a4ax. [IporpaMMHBII KO ONTHMHU3AINH ObLT
ckommmupoBaH B dynamic-link library, BcmenctBme d9ero ero MoOXHO
MIOJKJIIOYATH K PA3IIMYHBIM MPOrpaMMHBIM HHTEpdeiicam.

Pa3paboTka MeT0a U AJITOPUTMOB CTATHCTHYECKOT0 CHHTE3a
CPYKTYpHO-TIapaMeTPHUYecKUX NMPOeKTHBIX pemienuii 6ecnuiioTuoro JIA
3enkos J[.H.

MAMU, r. MockBa

B pabore paccmaTpuBarOTCs  3aJaud  CTaTHCTUYECKOIO  aHaIM3a
nHpOpMAaNWH, TONYYeHHOH B  pe3ynbTare  JETHO-KOHCTPYKTOPCKUX
ncnbiTanuid OecrmotHoro JIA. PazpaboTaHHass METOIMKAa OCHOBBIBAaeTCS Ha
BOCCTaHOBJICHWH TIO JAHHBIM TEJIEMETPUH MPOEKTHO-(QYHKIMOHAIBHBIX
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CBSI3€ii, 110 HEKOTOPBHIM 0A3MCHBIM (QYHKIMSM C AaJIbHEHIIMM UX aHAIN30M C
NOMOIIBI0 CTaTHCTHYECKUX KPHUTEPUEB, TAKUX Kak: t-CTaTUCTHKA, -
3HaYeHHe, KOd()(GUIMEHT NeTepMUHAIMH, CTaHAapTHas OIIMOKa OIIEHKH,
CTaTUCTHKA HapOuna-YotcoHa, K03 purmeHT KOppesnum,
CTbIOICHTU3UPOBAHHBINA OCTATOK.

JlaHHbIC KpUTEpMH B CiIydae HCUEPIaHUS BCEX 3aKOHOMEPHOCTEH
HAXOJAIINXCS B JAHHBIX TEIEMETPUH MPUHAMAIOT OTPEICIEHHBIC 3HAUCHIS,
TaKHe Kak:

Koadpdrmment nerepmuHammu wm3MeHsercss B aumamaszone ot 0 go 1.
OyHKIIMOHAIBHAS CBSA3b BO3HUKAET NPH 3HAYCHHWH PABHOM |, a OTCyTCTBHE
cBszu — 0.

3HaveHue craTucTuky JlapOuHa-YoTcoHa usmeHnsiercs B quanasoHe ot 0 1o
4. Tlpu stom d = 2 yka3plBaeT Ha OTCYTCTBHE aBTOKOPPEJISIMU SJIEMEHTOB
BpeMeHHoro psina. Eciu d meHblie AByX, TO HMEET MECTO IMOJIOKHTEIbHAsS
ABTOKOPPEJIISILIAY, a OOJIbIle ABYX - OTpULATENIbHAS.

KK moxer npunnmars 3HaueHus ot -1 1o 1. 3nauenne 0 wium Oim3kue K
HEMY TOBOPST O TOM, YTO AaHHBIE HE CBS3aHBI JPYT C IPYTOM.

B mporuBHOM ciywae, 2310 Oymer oO3HaYaTh, YTO IPOCKTHO-
(yHKIMOHATBHAS CBsS3p HE [0 KOHIIA BOCCTAHOBICHA U TpeOyroTcs
JIOTIOJHUTENbHbIE UcTbITaHus JIA.

B  kauectBe MomenpHOM 3amaum  Obla  pacCMOTpeHa  3ajaada
BOCCTAHOBJICHHS a’pONMHAMHYECCKHX XapaKTepHCTHK OecmmimoTrHoro JIA B
JIMHEHHOM TPHOJIM)KEHHH, B KOTOPOW MPOEKTHBIMH MapamMeTpaMu SIBIISUIUCH
a’poJMHAMUYECKHE MPOM3BOJHBIE. 3ajaya pemiajach C IPHUBICYEHUEM
nporpaMMHOTO  KoMiutekca — StatGraphics, B  KOTOPOM  peaaH30BaH
CTaTHCTHYECKUH CHHTE3 DKCIIEPUMEHTAIBHOIO MaTepHaia.

Hcnonb3oBaHue KOMNO3UIMOHHBIX MATEPHAJIOB U ABMAIIMOHHBIX
TeXHOJIOTHii B U3rOTOBJIEHHH 00Pa310B NMOJABOAHON TEXHUKH
IOprer A.U., Kamumynun P11, Tumkua W.1O., Tomopos A.B.

MAM, r. MockBa

Ha mnpumepe pa3paboTkm W  CO3HaHHSA  ONBITHBIX  00pasIoB
BOJIOTIPOHMIIAEMBIX TIOIBOJHBIX alllapaToB TUMA «AKBaHTa» B YCIOBHAX
npousBogcTBa D03 MAU paccMaTpuBarOTCsi 0COOEHHOCTH HCIIOIH30BaHUS
KOMIIO3UITMOHHBIX MaTepuasioB (KM) B KOPITyCHBIX KOHCTPYKIIHSIX TaKHX
anmnapaToB.  YYWTHIBas  OONBIIOW  aCCOPTMMEHT  KOMIIO3MTOB  (Kak
OTEYECTBEHHOI'O TaK M 3apyOe)HOTO NMPOM3BOJACTBA) HA BHYTPEHHEM DPBHIHKE
Poccun Oonbmioe BHUMaHHWE YEIEHO KPHUTEPUSIM BBHIOOpAa OCHOBHBIX
COCTaBJIIOLINX — HAMOJHUTENS M cBs3yomero. [lokazaHa 3aBHCHUMOCTB
COOJTIOIEHNS TEXHOJIOTMYECKUX TPEOOBAaHHI Ha JJONTOBEYHOCTH M CTOMKOCTB
KoHCTpYKIMH n3 KM B 3KCTpeMasIbHBIX YCJIOBHSX BHENIHETO aBIICHHS
arpecCMBHON MOPCKOM BOJBI M COJHEYHOM paauanuu. B yactHOCTH
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NPE/ICTABICHO, KakMM OOpa3oM Ta WIM WHAas TEXHOJIOTHS MOATOTOBKU
KOMITOHEHTOB M Tlocneaytomeit ykiaaaku KM npu M3roToBI€HUN OCHACTKU U
KOPITYCHBIX 3JIEMEHTOB B KOHEYHOM HTOT€ BIHSET Ha (PU3NKO-MEXaHUUECKHE
CBOMCTBA I10Jy4aeMOr0 MaTepuaa.

Taxoke paccMOTpPEHBI pas3lIMuHBIE CIOCOOBI BBIMOJIHEHUS! MEXaHHYECKOM
ob6paborkn KM Ha pasnuyHbIX CTagusx MOJIMMEpPU3alnH, OCOOCHHOCTH
BBINOJTHEHUSI KPEMEXHBIX OTBEPCTUI, MECT Pa3MEIIEHHS IEMEHTOB CHIIOBOH
CXEMBI, a TaKKe€ MECT COECIMHEHHS IUIACTUKOBBIX JJIEMEHTOB C JIPYyTUMH
JeTaIsIMH KOHCTPYKLMH, BBIOJTHEHHBIMH M3 MeTamia. [IpoaHann3npoBaHsl
CHOCOOBI CO3MAaHUS MECTHBIX YCWJICHHWH IUIOCKHX mMoBepxHocTedl m3 KM u
BBINOJIHEHUSI COCOWHUTENBHBIX Y3JIOB Ul OOBEIOWHEHHS B OOIIyIO
KOHCTPYKTHUBHO-CHJIOBYIO CXEMY.

HpI/IBCI[eHLI TaKKE€ PA3JIMYHBIC BapUaHTblI HCIIOJIHEHHUA KOHCTPYKTUBHO-
CHJIOBOM CXEMBI JJId pa3IMYHbIX BapHaHTOB KOMIIOHOBKH, B 3aBUCUMOCTHU OT
Ha3HA4YeHUs IMOABOAHOIO ammnapaTa, KOJIMYeCTBa JKHIIaXka, aBTOHOMHOCTH,
paboueii TTyOUHBI U T.1.

Taroke TpPUBENEHBI CIOCOOBI MONYUYSHHS! JEKOPATHBHOTO MOKPBITHS Ha
MIOBEPXHOCTH KOPIYCHBIX JeTayieif, KOTOpoe Ml MOABOJHOH TEXHHKH
BBINOJIHSIET TaK)Ke MOMCKOBO-OMO3HABATENIBHYIO (DYHKIHMIO. YUYHUTHIBAS 3TO K
TIOKPBITHIO TPEABSIBIIOTCS OYEHb BBICOKHME TpeOOBaHMS, CBA3aHHBIE C
BBICOKOM MEXaHUYECKOM CTOMKOCTBIO K BO3JIEHCTBUIO OKPYKAOILEH Cpeabl a
TaKXe CTAOMIBHOCTIO I[BETOBOI M OTPa)KaTeNbHON XapaKTKPUCTHK.

B zaxmoueHnn gaérca 00OCHOBaHUS LieNecOO0pa3sHOCTH HCIIOIb30BaHHE
UMEHHO BO3MOXKHOCTEHl aBHAI[MOHHOTO IIPOM3BOACTBA, Kak Hauboiee
NOATOTOBJICHHOTO AJsl M3rotoBiieHus: marepuasioB (KM), paborarommx B
KECTKUX YCIOBUSIX KOMIUIEKCHBIX HAarpy3ok (BBICOKas TemIeparypa,
LUKINYECKast Harpyska, JIaBJICHUE, COJIHEUHOE U3IIydeHHUe).
JIeMOHCTpHUPYIOTCS ~ DJIEMEHTHl ~ KOHCTPYKLHMH  CO3JaHHBIX  00pasioB
MTOJJBOIHBIX AMIapaToB, ITOIBEPKEHHBIX YKa3aHHBIM BO3ICHCTBUSM.

Co3nanne BKC ronosnoro nzgenus cemeiictsa B cpege CAD/PDM, ero
MoauuKaANA U KOH(PUTypauuii
Kobko I'.T"., IlTanaeB A.C., Hazapenko B.C.
MAMWU, r. MockBa

B pabore paccmatpuBaeTcs anroput™ coszganus bKC ronoBHoOro usmemus
cemeiictBa B cpene CAD/PDM, a taxke BKC ero mommdukanuit u
KOH(pHUTYpaIHi.

IIpu nposenennu OKP mo co3maHMio 3JIEKTPOHHOTO MakeTa ceMeNCTBa
m3gemnii B CAD/PDM cucremax ucmonb3yercs Takoe nonsitne kak BKC
(ba3oBas koHTpOmbHast cTpykTypa). Ilox BKC monmMmaercsi cOBOKYITHOCTB
WCXOJHBIX JAHHBIX, SIBJSIOIIMXCS OCHOBOHM Ui pa3pabOTKH 3JIEKTPOHHOTO
MakeTa Ha JII0OOM 3Tarne NpOEeKTHPOBAHHMS.
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BKC Bkirouaer B cedsi:

BHemrHre 00BOIbI arperaTtoB M U3EIHs B LIEIOM;

KCC arperatos;

ONEeKTPOHHBIE CXEMBI:

[TpuHIMIIMATBHBIE CXEMBI OTAEIBHBIX CHCTEM;

KunemaTtryeckne cXxeMbl yIIpaBJIeHHs OTACIBHBIME arperatamMmy | fp.
Tpacchl IPOXOXKICHUS OTJCIBHBIX CUCTEM.

[pu co3mannu KoHGHUTyparuii 1 MOANGMUKAIIA TOJTOBHOTO U3IEIHS OTHOM
13 OCHOBHBIX WJIEW SBISIETCS M3MEHEHHE WIM 3aMEHa y3J/la, arperara Wix
OTCEeKa IIETMKOM. B Takoil cuTyanuu pasinyHbIE OTAEINBI, NIPOESKTUPYIOIIHE
B3aUMO3aMCHACMBIC DJICMCHTBI, JOJI’KHbBI UMMCTh BO3MOKHOCTB ITOJIB30BATHCA
onHOit W TOit ke BxomHoW wuHpopmarmeii o KCC, BHemHmX o00Bomax
arperaroB ¥ IPUCOEIMHHUTENBHBIX HHTEpdelcax.

B pabore mpuenén mpumep cosmanus BKC, comepkamield naHHBIE O
BHEIIHUX 00BOJAaX, KOH(UI'ypaluu JIOHXEPOHOB U HEPBIOP3aKOHIIOBKU
kpeima. Paccmorpeno co3manme BKC B anekTpoHHOM  Makere ¢
HCIIOJIb30BAHUEM aCCOIMATHBHBIX CBS3EH.

BKC, mnoctpoeHHass Ha OCHOBE MapaMETPHYECKHX CBA3EH YIpPOILAET
pabOTHINOCO3JaHNIO KOHCTPYKIIMK MOIU(UKAIMNA W KOHGHUTYPALNH, TaK KaKk
JUIT  BHECEHHs JIOOBIX H3MEHEHMH B  KOHCTPYKIHIO  TOJIOBHOTO
mnenusagoctarouno m3MeHuTh e€ BKC, a He HauMHATHP NpOBEIEHHE
MIPOEKTHBIX padoT U moAroToBKy KJI «c HyIs».

Cozganne BKC sdBnsercd mepBBIM OSTaloM CO3/JaHUS AJIEKTPOHHOTO
maketa u mposeaeHuss OKP Bcucreme CAD/PDM, xotopsiii TpeOyer
NOJHOTO TIpodeccHoHa3Ma, YETKOCTH IIOCTAHOBKHM 33Jad  BCEX JIUII,
BOBJIEUEHHBIX B 3TOT npouecc. KoppextHo nocrpoennas BKC u npasunsHoe
e€ ucnonp3oBaHue npu mnpoBeaeHun OKP B HecKonbKO pa3 TMOBBIIIAET
3¢ PEKTUBHOCTD ITPOEKTHO-KOHCTPYKTOPCKHUX PadoOT.

MHOroKkpuTepHaIbLHbIi CHHTE3 ONTHMAJILHOTO YIPABJICHUS
0eCIMIOTHBIM JIeTaTeJbHBIM annapaToM
Tonopos A.B., Unbucosa 1.B.
MAMW, r. MockBa

[pouecc npoekTHpoBaHUsT OECIMIIOTHOTO JerarenbHoro ammapata (BJIA)
BO MHOTOM OIIPEIeIIeTCs] KaYeCTBOM adpOJANHAMHYECKOTO MOIETUPOBAHUS
COBMECTHO C BBIOOpOM onTuMansHOTo ynpasieHus BJIA. DT1o ocobeHHO
xapakrtepHo 11 BJIA, nBmkeHHe KOTOPBIX OCYLIECTBISETCS MOA ACHCTBUEM
IpaBUTAllMOHHBIX cwil. [IpoOiiema coBMeCTHOro BBIOOpa MPOEKTHBIX
nmapamerpoB BJIA W oNTHManbHOTO YIpaBICHHS TPUBOAWT K 33j1ade
MHOTOKPUTEPHAIEHOTO BBIOOpA, B KOTOPOW CHCTEMa YAaCTHBIX KPUTEPHEB
ONITUMAIBHOCTH 00pa3zyercsi W3 KPHUTEPHUEB OMNKCHIBAIOIINX OTICIbHBIC
noacucteMbl BJIA. K Takum KpuUTepHUsM OTHOCATCS: BEIMYMHA NpoMaxa
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BJIA, yron momnera BJIA x menu, ckopocTh mojiera BJIA. OtaenbHyrO
TPYIY KPHUTEPUEB COCTABISIOT TOKAa3aTelyd XapaKTepU3yIolIHe CTeleHb
coBmajieHnsi OONMKOBBIX Xapakrepuctuk bBJIA ¢ cooTBeTcTByrOIIMMHU
JAHHBIMH, TIOJIyYEeHHBIMH W3 JICTHBIX HCIIBITAaHWHA. JTO, TaKk Ha3bIBaeMBbIE,
CTaTHCTHYECKHE KPUTEPHH DPETYIISIPHOCTH, KOTOPBIE HApsAy C KPUTEPUSIMHU
npoMaxa M yriia HojajeTa HeoOXOIUMO MHUHHMH3UpOBaTh. JlaHHas 3aqada
MHUHUMHU3a0UH ObUIA PEIleHa METOIOM IIIOOANTBFHOTO MOWCKA SKCTPEeMyMa B
KPHUTEPUAIBHOM ITpocTpaHcTBE. OCOOEHHOCTh 3TOTO METOJa COCTOUT B TOM,
YTO 3/I€Ch BCE BBHIOMpaeMBbIe ITapaMeTphl CTPOSTCA B BuAe GYHKUIWH (pAooB
®ypbe) 0T KpUTEpHATIBbHBIX OLIeHOK. OYHKINK YIpaBIeHHs B JaHHOM METOZIe
TaK ke MPeICTaBIIOTCA B BUAe pianoB Dypbe, HO B KauecTBE apryMEHTOB
3]IeCh MPHUHSATO BPEMsI, YTO TIO3BOJISIET HApsAYy C MapaMeTPHYECKUM BBIOOPOM
MMPOBOAUTH CUHTE3 ONITUMAJILHOI'O YIIPAaBJICHUSA.

C mnpuMeHeHHeM MpPOrpaMMHOTO KOMILIeKca Obula pelleHa MOJeNbHas
3aja4ya npoektrupoBanus BJIA ¢ ucnonb3oBaHMEM JaHHBIX THIIOTETHYECKOTO
9KCIIEPUMEHTA, U OBLIO CHHTE3UPOBAHO YIpaBJIeHHE, ONTUMAaJIbHOE MO BCEM
PacCMOTPEHHBIM KPUTEPHSIM.

CTaTHCTHYECKHUI CHHTE3 YCTOHYHMBBIX NPOEKTHBIX pelleHHi Npu
NMPOEKTHPOBAHUH 0CCMUIOTHOIO JIETATEIBHOIO aNnapara
Xecun JL.b.

MAMWU, r. MockBa

B pabote paccMmaTpuBaeTcsl METOJ MOCTPOCHMS TPOEKTHBIX peIIeHUH
YCTOWYMBBIX K (haKTOpaM MHOTOKPUTEPHAJIBHOW  HEOIPEIeIICHHOCTH.
W3BecTHO, 4YTO NpUMEHEHHWE KaKOW-TMOO CBEPTKH 4YaCTHBIX KPHUTEPHEB
ONTUMAJIBHOCTH, IO CYIIECTBY COOTBETCTBYET MPUHATHIO KOHKPETHOIO
MIPOEKTHOTO PelIeHHs. AHAJIOTUYHO, IPUMEHEHNE BECOBBIX KO3()(HHUIMEHTOB,
MIpeIONpPeNeNAeT IPOEKTHOE PELICHHUE.

Pa3zpaboTanHbIf MeTOA, paccMaTpuBaeMbIi B paboTe, CBOOOAEH OT
TIePEUNCIICHHBIX CYOBEKTHBHBIX 3JIEMEHTOB, COIPOBOXKAAIOIINX IIpoIece
MHOTOKPUTEPHAIBHOTO BBIOOPA, TIPH 3TOM BBIOMPAEMOE MIPOEKTHOE PEIICHHE
SIBJIIETCS] yCTOMYUBBIM K MHOTOKPUTEPHAIBHON HEONIPEIEIEHHOCTH.

C mnpuMeHeHHeM MAaHHOTO MeToja Obula pelleHa MoJenbHas 3ajgada
BBIOOpPa  ONTUMAJLHOTO  ajdpoAMHaMuueckoro obnuka JIA.  Bwibop
OCYILIECTBIIIETCS. 110 YACTHBIM KPUTEPUSIM ONTHMAalbHOCTU: BeIWYHHA
npomaxa, yroJl mojyiera K Ied M 10 pPAAy CTaTUCTHUECKUX KpPUTEPHEB,
XapaKTepU3YIOIIUX CTENEHb COBMAACHUS adPOJANHAMUUYECKUX XapaKTEePUCTHK
C JaHHBIMH J3KcrepuMeHTa. [lomyueHHble — pe3ynbTaThl — MOKa3aud
3¢ PEKTUBHOCTH Pa3pabOTaHHOTO METOAA, KOTOPHIA MO3BOJIUT OTHOBPEMEHHO
YIIy4IINTh BCE PACCMAaTPUBAaE€Mble YaCTHBIE KPUTEPHUU ONTHMAIbHOCTH B
cpenHeM Ha 15%.
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Bb160p NPOEKTHO-KOHCTPYKTOPCKHUX PelieHnii KPbLIATOH paKeThl
00/1b1110¥ JaJILHOCTH
Baneixk B.M., Unbucosa I1.B.
MAMW, r. MockBa

PaccmatpuBaeTcs 3amaya BeIOOpa MPOEKTHO-KOHCTPYKTOPCKUX PELICHUH
KPBUTaTOH pakeThl OOJBIION JambHOCTH. Takoro posa 3a/1aud BO3HUKAIOT ITPH
pa3paboTKe HOBBIX M MOJIEPHU3ALNH YK€ UMeroIuxcs o0pa3noB. BozHukaer
HeoOXOAMMOCTh BBIOOpa Habopa MapaMeTpoB, KOTOPBIE HEOOXOAUMO
yiny4ymate. B maHHO#H pa®ore monx BEIOOPOM MPOEKTHO-KOHCTPYKTOPCKOTO
pelieHHsT  MOHWMAeTcs  BBHIOOD  A3pONMHAMHUYECKAX  NPOHM3BOIHBIX
paccMaTpHBaeMOi KPBUIATON PaKeThl C MOCIEAYIOLIHM BEIOOPOM I'€OMETPUH
KOpIlyca KpBUIATOW pakeThl M €€ ONEpeHHs C LEJbl0 pealH3allid ykKe
BEIOPaHHOW ONTUMANIEHOW a3pOJMHAMUYIECKON MOIEIH.

Pemlenne naHHOW 3agadM  CBOXUTCS K JIByM OCHOBHBIM OTaram:
HaXOXJIEHWE  ONTHMAIBHBIX  adPOJMHAMHYECKUX  IMPOU3BOAHBIX IO
KOMIUIEKCHOMY KPHTEpHUIO, KOTOpBIH BKJIIOYaeT B ce0sl TaKkue 4YacTHBIC
KPUTEpUH ONTHMAIBHOCTH KakK: BEJIMYMHA IpoMaxa, TpeOOBaHHE K YIIIy
mojyleTa K Iedu ONM3KMM K TIPSIMOMY, CTaTHCTHYECKHUE KPUTEPHH
PETYJSIPHOCTH, OTpaXKalollWe CTENeHb a’POJMHAMHYECKOTO COOTBETCTBHS
NPOTOTHITY C WCIHOJNB30BAaHHEM 3KCIECPUMEHTANBHBIX NaHHBIX. Ha BTOpOM
JTaIe perraeTcs 3aJa4a BEI0opa ONTUMAIBHOW FeOMETPUH KPBUIATOH PAKEThI
U ee ONepeHHs, NpH KOTOpOH peann3yercs MaKCHMalbHOE COBIIAJCHHUE
adpOIMHAMUYECKUX XapaKTEePHCTHK KPBUIATOH pPaKeThl ¢ MX HalJCHHBIMH
ONTHMAJbHBIMUA 3HAUCHWSIMH, T.€. OCYLIECTBISIETCS BBIOOD IPOEKTHO-
KOHCTPYKTOPCKHX MapaMeTpOB.

Ilo pa3paboTaHHOW MeTOoAMKE ObLIa pelieHa MOJCNbHAs 3agada uis
KpBUIATOM pakeThl OOJBIIONW HaJbHOCTH M OBLUIM IIOJyYEHBI PE3YJIbTaThl,
CYIIECTBEHHO OTJIMYAIONINECS OT PE3YJITaTOB MOJTYYEHHBIX TPaJUINOHHBIMA
METO/IaMH pEIIeHHs] TPOeKTHOHW 3amaun. [loj TpaaWIIMOHHBIMH METOJaMH
MOHUMAIOTCS METOJBI, IPH KOTOPBIX MHOTOKpPHTEpHajbHAs MPOEKTHAs
3aj1a4a PenIaeTcsi WM ¢ MOMOIIBIO METOIOB BBLICIICHUS TJIaBHOTO KPUTEPHS
CO CBEICHHEM OCTABHBIX KPUTEPUEB B KIACC OTPaHMYCHHH WIIH METOJBI
CBSI3aHHBIE €  Ha3HaYeHHEM  BECOBBIX  Kod(d¢uumeHtoB.  Meton
MHOTOKPHUTEPHATIBHOTO CHHTE3a NMPOCKTHBIX pElIeHHH MO3BOIMWII MOJYYHTb
MOKa3aTeNll KayecTBa CYLIECTBEHHO BBINIE, YeM II0Ka3aTeld KadyecTBa,
MIOJTy4YEeHHbIE TPAAULIMOHHBIMU METOIAMH.
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CpaBHeHHe TMHAMMYECKHX XaPaKTEPUCTHK CIOUCTBIX MJIACTHH C
JIETKMM M KeCTKHM M30TPONHBIMHE 3aI0THHTEISIMH IPH Y1ape 0 BOAY
Kpynenun A.M., Maptupocos M.1.

MAMW, r. MockBa

PaccmarpuBaeTrcst BepTHKaJIBHBIN yap O MEPBOHAYAIBHO HEBO3MYIEHHYIO
CBOOO/IHYIO TIOBEPXHOCTh HJEaJbHON CKMMAEMOW >KHJIKOCTH, 3aHMMAroIIel
HIDKHEE MOIyIpPOCTPAHCTBO, YIPYToil CIOUCTON MIacTUHBI CUMMETPUYHOTO,
a TaKKe HECHMMETPHUYHOIO CTpOEHHSA MO TonmuHe. PopMa H3ydaeMbIX
IIaCTUH — KpyroBas M MNpsMoOyronsHas. Mccnenyercss HadalbHBIA dTan
B3aMMOJEUCTBHA, KOIJa BO3HHMKAIOT MAaKCHUMAallbHblE THIPOAWHAMHYECKHE
JABJICHUS, U XapaKTEPUCTUKU PEAKLUUI TOCTUTAIOT NPENCIbHBIX 3HAYCHU.
CkopocTh B3aMMOJEHCTBUSI IUIACTHHBI C JKUAKOCTBIO NPHHUMAETCS MHOTO
MEHBILIEH CKOPOCTH PACIIPOCTPAHEHUS 3ByKa B KUIKOCTH.

leomerprueckne u  (U3MUYECKHE IapaMeTpbl HECYIIUX CIIOEB H
3aMOJIHUTENS] CYUTAIOTCS 3aJaHHBIMU. [l M30TPOIHBIX HECYIIHX CIIOEB
NpUHATBL TUNOTE3bl Kupxroga 0 HEC)KUMaeMOCTH, MPSIMOJIHHEHHOCTH W
MEpHEeHANKYJSIPHOCTH ~ HOpPMaud K JeOpMHpPOBAaHHOW  CpeIUHHOU
MOBEpXHOCTU. B HecxkuMaeMOM IO TOJNIIMHE CIUIOUIHOM 3aloJIHUTENE
nedopmMupoBaHHas HOpMajb OCTaeTCsl MPSIMOJIMHEHHOW. 3amoJHUTENb
MIPUHUMAETCS JIETKUM U KECTKHUM (M30TPONHBIM), T.€. COOTBETCTBECHHO HE
YUUTBHIBAETCS W YyUHTHIBAETCS €ro paboTa B TAaHI'CHIIMAJIHHOM HAIpaBICHUH.
IIpr 3THX [IOMyHIEHWSX W3 SHEPreTUYECKHX COOOPaKCHUH MOIydYeHbI U
MIPOAHATU3UPOBAHBI YPABHEHUS JBIKCHHUS IUIACTHHBL. Ha KOHType IIacTHHEI
MIPEANoNaracTcsl  HaJIWdWe OKECTKOM  aumadparMbl, TMPENATCTBYIOLICH
OTHOCUTEIILHOMY CABUTY CJIO€B. BilMsHHEM BO3IYIUHOW IPOCIONKH MEXIY
najaroniel IaCTUHON U CBOOOHON MOBEPXHOCTHIO KHUJIKOCTH Ha XapakTep
yIapHOTO B3aUMOJIEUCTBUS IpeHeOperaeM.

I'mapoanHamuueckoe AaBieHHE, NEHCTBYIOIIEe Ha MJIACTUHY IpU yaape,
OIIpeZIeTIsIeTCsl MPUOIMKEHHO C YYETOM CXKHMAeMOCTH JKHIKOCTH IO
Ppa3IUYHBIM METOIUKAM.

Pacuersr BrmonHeHH! B cpene Mathcad 14 mpuMeHHTENBPHO K yHIPYTHM
TPEXCIOMHBIM IUIACTHHAM MpH HX y#Aape o Boxay. IllomydeHsl u
MIPOAHATU3UPOBAHBl JIMIOPHl TUAPOAVMHAMUYECKUX JABICHHUH, HAarpysok,
NEPEMEILECHUN, CKOPOCTEH, YCKOPEHHMH W HANpsHKEHUM IO BPEMEHH U
KoopauHate (1o ciosiM). [IpoBeneH cpaBHUTENBHBIN aHAIN3 JUHAMHYIECKUX
XapakTEPUCTHK PACCMaTPUBAEMBIX IUIACTHH C JIETKUM U JKECTKUM
U30TPOITHBIMU 3aMOTHUTEISIMU. J[aHO CpaBHEHME IOJyYEHHBIX YHCICHHBIX
pe3yapTaToB C HEKOTOPBIMH HMEIOUIMMHUCA AKCIEPHUMEHTAIBHBIMH U
TEOPETUYECKUMH JIaHHBIMH, MOJYYEHHBIMH pSAIOM OTEUYECTBEHHBIX H
3apyOeKHBIX CHEIUATIICTOB P PENISHUH TO00HBIX 3a/1a4.
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4. Cexuusl «IHepreTudecKre YCTAHOBKH U
JABUTATEJI

RIAME/ HF IT Laboratory activity in HF ion thrusters
JIE6 X.B., [TomoB I'.A.
MAMW, r. MockBa

I am from the 1% Institute of Physics, Giessen University, Germany, and I
am working since about 50 years on plasma physics with the special
application of ion engines for space propulsion, material processing in
industry, and tokamak fusion plasma heating.

Now I am with the Research Institute of Applied Mechanics and
Electrodynamics (RIAME) of the Moscow Aviation Institute, where we — that
means a team of about 20 persons — research and develop the so-called radio
frequency ion thruster type for space propulsion.

In general, ion and plasma space propulsion systems do not burn the
propellant, but they ionize it. Then, the charged propellant particles can be
accelerated by strong electric fields up to exhaust velocities that are 10 times
higher than to get with the best chemical rocket motors. This enables
significantly higher payload ratios and shorter flight times. Unfortunately,
such electric rocket engines need an external energy source, solar arrays or a
nuclear reactor — contrary to chemical rockets. This mass penalty restricts the
application of ion and plasma thrusters to the weightlessness of space.

Worldwide, there exist three main types of electric propulsion systems:
firstly, the nationally and internationally very successful Russian plasma
motors named SPT that generate propellant exhaust velocities of about 20
km/s, and the two-gridded ion thruster types of NASA and of Germany,
producing jets of 40 km/s and more. As the German version, called RIT,
shows some striking advantages like simplicity, reliability, long lifetime, etc.,
Russia decided to adopt the RIT type in order to extend its spectrum of
electric propulsion application towards high specific impulses.

Three months ago, the industrial companies - Fakel, Kaliningrad, and
EADS Astrium, Germany - signed a strategic partnership contract. Fakel will
build the already existing 22 cm RIT engines to be flown on Russia’s sun
probe Intergelio Zond.

In parallel, RIAME is studying the basic features of the RIT type and
develops own engines with 10 cm, 15 cm, 20 cm, and 45 cm of ionizer
diameter. So, the past RIAME activities and the present state-of-the-art may
be described as follows:

To put the research and development of the planned hardware engines,
called RFIT in Russia, on a solid basis, extensive theoretical work on the
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special ionization mechanism and on the ion acceleration system with its
high-voltage grids has been done and is still under way at RIAME.

Mission analysis — both for robotic and cosmonauts space flights — has
been and is worked out in order to demonstrate the benefits of RIAME’s ion
engines as well as to determine the demands of different space applications
on the thrusters.

To test the different-sized RFIT engines, the three existing high-vacuum
test facilities of RIAME had to be refurbished, modified, and extended. In
details:

Two cylindrical 2-m diameter vacuum tanks have been combined to get a
larger facility.

Cryogenic pumps with liquid helium have been installed to freeze the
Xenon propellant.

A graphite-coated beam dump to remove the beam energy is under
preparation.

An anechoic chamber was purchased to detect eventual electromagnetic
disturbance.

The RIAME diagnostic system to detect the ionizer’s plasma and the
exhausted ion beam will be completed by a movable Langmuir probe.

A 1 kW radio frequency generator for the thruster ionizer has been
purchased.

As mentioned already, four different-sized RFIT-engines have been or will
be built, investigated, optimized, diagnosed, and performance-mapped at
RIAME. In details:

A 10 cm thruster is just ready to be ignited within the next days.

A 15 cm thruster is under preparation. With its 50 mN of thrust, it offers
the real chance to enter the satellite market for orbit topping and control.

The 20 cm RFIT- engine will also allow to study the inside behaviour of
the above mentioned RIT-22 thruster.

The large, 45 cm thruster is planned for heavy robotic missions into deep
space and especially for manned missions to Mars or for cargo shuttles to
future Lunar and Mars stations, respectively. It will be 5 times more powerful
than the largest ion thruster of NASA. For power supply, the | MW nuclear
reactor plant is envisaged which is under development at the Moscow
Keldysh Institute since one year.

At RIAME, the 45 cm thruster has already been designed and constructed.
The expected performance data have been calculated by using RIT scaling
laws. A set of technical drawings will be prepared during the next weeks. In
addition, a nuclear-electric cargo ship for a future manned Lunar station has
been designed at RIAME. The related mission analysis is under way.

To sum up:
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The work at RIAME is well within the time schedule. The RIAME team
did and is doing an excellent job. In view of the sketched ambitious
programme, it is highly desirable to prolongate the Government’s grant.

For illustration of the above statements, I’1l show you some pictures:

1. RITA-10 on EURECA (1% European EP-space test, 1992)

2. RIT-10 on ARTEMIS (since 2001)

3. RFIT-100 drawing

4. RFIT-100 photo

5. Medium test chamber, RIAME

6. Large test chamber, RIAME
7. Anechoic chamber (e.g. page 143 of annual report 2010)

8. RIT-35 in Jumbo
9. RFIT-450 drawing
10. NEP cargo shuttle drawing

Pacuér ocHoBHBIX napameTrpoB MOC naBurartenss PU/1-45 B nporpamme
IGUN
Axwmetrxanos P.B., Hukutuneix 11.B.
MAM, r. MockBa

Jloknan mpeacTaBiseT pacdeT OCHOBHBIX MapaMeTpOB MOHHO-ONTHYECKOMH
cucreMsl (MMOC) pagmouactoTHoro woHHOTO ngBuratens (PUI-45),
BBINOJIHEHHBIX B IIPOTpPaMMe Ul pacdeTa TPACKTOPHN 3apsKEHHBIX YaCTHIL
IGUN. [lanHBIf nOpOrpaMMHBIH MPOAYKT TIO3BOJSET ONTHMH3HPOBATH
I/ICTeKaIOI_[II/Iﬁ IMYYOK 3apsKCHHBIX YaCTHUL JIA JOCTUIKCHHSA OINTUMAJIbHBIX
napamerpoB MOC nBurarens. B xauectBe pabouero Tenma ucronblyercs: Xe
(kceHoH, ¢ atomHO# Maccoi 131,3 a.e.Mm.). Mcnomb3yst BXOIHBIE IaHHEIE,
npeaBaputenbHO BBeneHHbIE B IGUN, MoaenupyeM TpaeKTOpHH 3apsKEeHHBIX
yacTUll B TrpaHuue ojemeHTapHoil suediku HWOC mnox nedicTBueM
IEKTPUYECKHX NMOTEHINAJIOB, MPHIIOKEHHBIX K AsekTpogam MOC.

B nmoknmame mpencraBieH aHanM3 IEepBOHadalnbHBIX HapameTrpoB MOC
nmeuratens PUM-45 ¢ momomrsio mporpamvel IGUN. Habmogaemoe mpu 3tux
rapamMeTpax B3aHMOJECHCTBHE 3apsHKEHHBIX YaCTHIl CO CTEHKaMHU 3JIEKTPOJIOB
NOC  pmeurarens PU/I-45  mpomeMOHCTpUPOBAIO  HEAOCTATOYHYIO
(GOKyCHpPOBKY Tyuka U Kak CIEACTBHE yMeHblleHne pecypca MOC
BCJIC/ICTBHE DPO3HMHU DIIEKTPOIOB, a TaKke 00Ilee CHIKEHHE XapaKTePUCTUK
JABUTaTCJIA. ﬂJ’IH YIAydlI€HUd XapaKTCPUCTUK JABUIATCIIA W ITOBBIMICHUSA
pecypca MOC ObulO TIPOU3BEACHO BapbHPOBAaHUE BXOIHBIX NAHHBIX JIJIS
MIOWCKa ONTHUMAaJbHBIX TapaMeTpoB paborel. Ha BeIOOp mapamerpoB
JICWCTBOBAJIM OTPaHWYEHHUs B BHAE MaKCHMAJIBFHOTO MOAAaBaeMOro Ha
UIEKTPOABl HanpspkeHus (5kB), coOmroneHnst MEX3IEeKTPOIHOTO 3a30pa U
TEXHOJIOTHYECKOTO OTPAaHMYECHNUS 110 MPO3PAYHOCTH IEKTPOAOB (<65%).
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CpasuurenbHble pacuérel NOC npu pa3auyHBIX MapameTpax MO3BOIHIH
BBIOpaTh ONTHMAIbHBIE MapaMeTpbl, NMPH KOTOPBIX JOCTUTATUCH XOpOLIas
(oKyCHpOBKa ITydKa 3apsDKEHHBIX YacTHII M OTCYTCTBHE B3aMMOJCHUCTBHS
BHYTpPEHHEH INOBEPXHOCTH KaHaja »jaeMeHTapHoil sueliku MOC ¢ myukom
3apsKEHHBIX YacTHUII.

B pesynpraTte mpoBeneHHON pabOTHI OBLIO BBISBIEHO, YTO ONTHMANIBHBIE
3HaueHuss mapamerpoB  MOC  pocTtrarorcs NOpUd  UCHONB30BaHUH
MakCHMaJIPHO JIONyCTUMOTo HampspkeHust (SkB), um  mcmonb3oBaHMK
1ep(OpPUPOBAHHOTO YCKOPSIOIIEr0 3JEKTPOAa C Pa3IHYHBIM AUAMETPOM
OTBEPCTUH IO Er0 PATUYCY.

JKcIepuMEeHTAIbHOE CcCilel0BaHUe HATPeBa M1a3Mbl ¢ nomoubio CBY
YCTPOHCTBA B MYJIbTHIIOJbHOH MATHUTHOI JIOBYLIKE
Tpumukc-3M(CBY)
bumaes A.M., Byrpos I'.0., lenuciok A.U., Kozunnesa M.B.,
Tapenkun HU.A., XapueBHukoB B.K.

MUWPOA, r. Mocksa

[TpoBeneHHbIE 3KCIEPHUMEHTANBHBIC HCCIEAOBAHMUS 110 HAIPEBY IUIa3Mbl B
MYJIBTUIIONIEHONH MarHuTHoW soBymike Tpumukc-3M(CBY) [1] kacatores
(yHZaMEHTAJBLHOTO BOMpOCA UII MAarHUTHBIX TEPMOSAEPHBIX JIOBYIIEK —
crioco0a co3maHus B JIOByIIKe ropsueit mra3mel. Jlerom 2010 Ha cTenne s
WCCIEIOBAaHUS  MAarHUTHBIX JIOBYHIEK OBUIO  CO3JaHO  YCTPOWCTBO,
mo3BoJIsiioee BBOAUTE B oObeM JnoBymku 100 Bt CBY mommoctn Ha
yactote 2,45 I'Tu. IIponecc 3anoaHEeHUS JIOBYIIKH IIa3MON OCYIIECTBIIACTCS
TUTa3MEHHBIM CTyCTKOM, KOTOPBIH cO3[aeTcs B IUIa3MEHHOM IyIIKe, U
CYLIECTBOBaHME IIJIa3Mbl B JIOBYIIKE JUIMTCS MOPSAAKA MIJIIHMCEKYHJBI.
IToaromy nonHsIif Bknag B Harpes miaasmel oT CBY ycerpoiictsa cocrasut 0,1
Jbx. Kpome TOro, mnoriomeHue 3HEpruM IPOUCXOIUT HE BO BCEM
IUTa3MEHHOM 00BbEMe, a TOJIBKO B 00JACTH 3JEKTPOHHOI'O LUKJIOTPOHHOTO
pesonanca (OLIP). Pa3mep 3T0it obnacTn MeHbIIe, YeM pa3Mep IIa3MEHHOTO
o0beMa. ODHeprusl IUIa3MEHHOTO CTYCTKa, 3aXBaTHIBAEMOTO B JIOBYIIKY,
cocrasisieT BenuuuHy 10 -100 Ik [2] 1 npeBOCXOAUT HA MOPSAOK SHEPTHIO,
KOTOpyIo mia3mMa MoxeT nonydutb or CBY mogmorpesa. Ilostomy OGamanc
SHEPTUM TAKOH MOJOTPEB M3MEHHUTH HE MOXKET. A BOT OajlaHC MacChl MOXKET
HECKONIBKO ~ M3MEHATBCS, €CIM y4YecTb, 4YTO KOHLEHTPALMs YaCTHIL
OCTATOYHOTO BaKyyMa B JIOBYIIKe cocTaBaster Benmumny 1-1077 m~. Kak
n3BectHo, npu CBY HarpeBe Ha 3IEKTPOHHO-LIMKIOTPOHHOM pPE30HAHCE
(BLP) TtemmepaTypa SJEKTPOHOB OBICTPO BoO3pacTaer. B  ycmoBusx
SKcrepuMeHTOB Ha JoBymke Tpumukc-3M(CBY) CBY HarpeB momkeH
IPHUBOANUTE K MOHHU3AI[MHM OCTAaTOYHOTO Ta3a M BO3PACTAHUIO KOHIEHTpALUU
Ha BemmumHy mopsaaka 1-1077 M~ Dror sddexr u 6buT 3aduKcHpoBaH C
nomomipto  CBY  wumHTepdepomerpa. B skcrmepuMmeHTax —cpaBHUBAIKCH
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OCIIMJUIOTPaMMBI, TMOJy4eHHble npu BKimoyeHHOM CBY moporpeBe u 0e3
nozgorpesa. [loysydeHo, 4TO yBelMuUeHHE KOHIEHTpalUu HaOIoJaercs Mpu
MarHuTHOM mose JoBymiku ~0,1 Tin. B stom cimyuyae nuaus D[P nexut B
TUIa3MEHHOM 00beMe. DTOT (akT yBEIHMYMBAET JOCTOBEPHOCTh MOIYUYSHHOTO
pesyiabtara. [IpoBeneHHbIE SKCIIEPUMEHTHI CBUAECTENHCTBYIOT O TOM, UTO C
nomoiipto CBU HarpeBa MOXHO OCYIIECTBIISITH HAarpeB AJIEKTPOHHOU
KOMITOHEHTHI TIa3Mbl B MYJBTUIOIBHBIX MAarHUTHBIX JIOBYILIKAX.

Pabora BemomHeHa B pamkax peanmzanuu OUIT «Haywuneie m Hay4HO-
neJarornyeckue Kaapel MHHOBauMoHHOW Poccum» Ha 2009-2013 rogsr mo
rockoHtpaxty [1957.

Jluteparypa:

1. MopozoB A.H.. CaenseB B.B. YOH, 1998r., 1.168, Ne 11, ctp. 1153-
1194.

2. Mopo3sos A.U., byrposa A.1. u ap. ®uznka mia3mel, 2006r., T. 32, Ne3,
CTp.

Bausnne BriaaabsiBaemMoii BU MmomHocTH Ha yIeJIbHBIA HMITYJIBC
CTALHOHAPHOI'O IVIA3MEHHOI'0 IBUIaTe/Isl
Byrposa A.11., Byrpos I'.D., JlecsatckoB A.B., Cmupnos [1.T".,
XapueBHukoB B.K., [Ilanomxukos M. 1.
MHPDA, r. MockBa

W3yuaercss BO3MOXHOCTB ocymiecTBieHuss BY HarpeBa mia3msl B
crannoHapHoM 1miazMeHHoM nsuratene (CILJ]) ¢ menpio TOBBIMIEHHUS €ro
YAEITBHOTO UMITYJIbCA.

Jns mpoBeneHUs HKCIEPUMEHTAIbHBIX HCCIEIOBAaHUM HCIIOJIB30BAJICS
moaepHusupoBanHbiii  uctouHuk CIIJI ATOH, paccuutanHblii Ha
BKJIa/ipIBaeMyr0 MoIHocTh W=(600 — 900) Br. Jlauns1ii ucTouHKK Haubosee
MOIXOAMT AJISL pelIeHUs] TOCTaBIEHHON 3aa4yl, TaK Kak B €ro KOHCTPYKIHH
nmeercst OydepHast 00J1aCTh, KOTOPYIO MOXHO OBUTO HUCIIONIB30BATh JUISl BBOZA
BY wmommuoctu. BBox BY MOMHOCTH B HCTOYHHUK  OCYLIECTBIISIICS
MHAYKIUMOHHBIM MeTogoM. Wcnonb3oBancs BU reneparop na yactore 13,56
MI', TpakT cOIJIacoBaHHMS M AaHTEHHa B BHAE HECKOJBKHX BHUTKOB,
HAMOTaHHBIX Ha OydepHyr0 o00nacTe uCTOUHWKA. [IpoBemeHO AeTanbHOE
N3y4YCHUE WHTETPATBbHBIX U JIOKAIBHBIX XapaKTEPHCTHK MOIU(UIIMPOBAaHHON
momenu ATOH ¢ BBogoM BY MomHOCTM © CpaBHEHHE UX C
xapaktepuctukamu nctounuka ATOH 6e3 BBona BU momuoctu. U3mepenus

IIPOBOJWINCH B MHTEPBAJIE aHOAHBIX PACXOJ0B KCEHOHA Hg{z = (1,5-2,5) mr/c

u paspananbix Hampskenuit U,-(200- 400)B. Bce skcmepuMeHTBl ObLIH
npoBeAeHsl npu BBoauMod BY momuoctu paBHoit 100BT, oTparkeHHas
MOIIHOCTH He npeBbimana 10%.
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CpaBHEHHE SKCIIEPUMEHTAILHO MOJYYEHHBIX Pe3yIbTaTOB MHTETPaJIbHBIX
MapaMeTpoB KCTOYHMKA ITOKA3aJI0:

- BAX pa3psiia B 000ux citydasix BEpTHUKAJIBHBI, YTO TOBOPUT O XOpPOIIEH
HMOHM3aIUU paboyero BEIIeCTBa;

- npu BBoAe BY mourHocTH B HcTOUHUK BenuuuHbl F 1 P yBenuuuBaroTcs B

JanHoM unTepane U, n rz?g . Tax, mpu U,=350 B u }’Zgg = 2,5 mr/c, ycunue

yBenuuuBaercss oT F = 50 r 1o F = 5,3 1 U COOTBETCTBEHHO YHEIbHBIN
uMItysbe noseimaetcst ot P =2000c no P =2120c.

CpaBHeHHE pe3ylNbTaTOB HW3MEPEHHWH palWalbHBIX  pacIlpeaesIeHIH
IUIOTHOCTH HAIPaBJIEHHOTO HOHHOTO TOKA B CTPYye MOKA3bIBAET, UTO C BBOJIOM
BY momHOCTH yBEMTHYMBAETCS MaKCHMAIbHOE 3HAYCHHE j; HA OCH CHCTEMBI
110 j; = 19,0 MmA/cM? (6e3 BBoma BU MorHoCTH j; = 16,6 MA/cM?) 1 BO3pacTaeT
CyMMapHBbIi MOHHBIH TOK, BBITEKAOIIMI U3 ucTouHuka - I; = 1,52 A (U, = 300

Bu 7&7: 2,0 mr/c). OTHOIIEHHE ITOJIHOTO MOHHOTO TOKa I; K BeTWYHHE

paspsaaHoro Toka (I,= 1,98A) B aToM ciydae cocTaBisieT BenuuuHy o = 0,77
(6e3 BBOoma BY momuoctu I; = 1,43 A, o = 0,72), uro xapakrepusyer
yIydIIeHne WOHHM3aluHu pabodero BemecTtBa npu Beoge BY mommoctn B
HCTOYHUK.

Takum o00pa3oMm, MOIyYEHHBIE pE3yJabTAaThl ITOKA3bIBAIOT HE TOJIBKO
BO3MOKHOCT, BBojga BY wmommoctu B ucrounuk ATOH, Ho m Oojee
XOPOLIYI0 HMOHM3AIMIO pPAabOYero BEHIECTBA U YBEJIMYEHHE YAEIHHOTO
UMITyJIbCA.

MaTteMaTH4ecKoe MOJeTHPOBAHME eMKOCTHOIO BY pa3psiaa,
MOMeNIEHHOTO BO BHEIIHEe PauaibHOe MATHUTHOE ToJIe
Basunun K.B., 'omopeB M.A., 3agupues U.1., Kpanskuna E.A.,
ITaBnoB B.b., Tapakanos B.I1.

MI'Y, r. MockBa

B pabote npencTaBieHBI pe3yabTaThl MATEMATHIECCKOTO MOJICITUPOBAHUS C
momompio PIC meroma [1] emkxoctHoro BY paspsima, 3akuraemoro B
pa3pAoHOM TPOMEXYTKE, ONM3KOM II0 CBOEH TEOMETpHH K KaHally
XO0JJIOBCKOTO MJIa3MEHHOro aBurareisi. BU HanpsbkeHue NpuKiIaabBanoch K
IByM oJnekTtpogaM. OIWH M3 HUX HaxOoJWwics B OOJACTH PacIOJOKEHUS
KaTroja, a BTOpPOM — B O0OJACTH pAaCIONIOKEHUS aHoJa XOJUIOBCKOTO
nBUTaTenss. B pacderax BTOpOH 3JEKTPOA ObUT OTACNICH OT ILIa3MBbl CIIOEM
IUDJIEKTpUKa. MarHutHoe T1ojie B KaHajle HMEJI0 MPEeUMYLIECTBEHHO
paaualibHOE HalpaBieHUE.

[Ipu npoBeneHHUH pacyeTOB MPEAINONAraioch, YTO IJla3Ma COCTOUT
W3 HEUTpANbHBIX aTOMOB KCEHOHA, 3JCKTPOHOB W OJHOKPATHBIX HOHOB.
Y4YHTHIBaIOCh, YTO TPH CTOJKHOBEHWH HOHOB CO CTCHKAMH KaHAllA |
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I[I/ISJ'[CKTpI/IKOM, OTACIAIOIIINM BTOpOﬁ 3J'[eKTpOI[ OT IIJIa3MBbI, B aKTC HOH-
3IEKTPOHHON 3MHUCCHH € BepOSATHOCTHIO 0.3 pokIaeTcs IeKTPOH.

Pacuers! mokazamy, 4To BOJU3U TUAIIEKTPUKA, OTACISIONIETO BTOPOI
ANIEKTPOJ] OT TUIa3Mbl M BOJNHM3M cpe3a KaHajda BO3HUKAIOT CKAYKH
moteHyana. [losBIeHHE TPOMOJIHFHOTO AJIEKTPHUCCKOTO TOJII W HATHYHE
paaraTbHOTO MarHUTHOTO TOJIS TIPUBOIAT K BOSHHKHOBEHHIO a3MMYyTaTHHOTO
npefia 3IIeKTPOHOB. JTO, B CBOIO OYepeNb, MPUBOANUT K (OPMHUPOBAHUIO B
KaHalle IJIa3Mbl C IUIOTHOCTBIO, MPEBBIIAIOLIEH 10" em, Kpome Toro,
QIEKTPHUYECKOE TIOJIe, BO3HHKAMImee BONM3M cpe3a KaHama, MPUBOJUT K
YCKOPEHHIO HOHOB M 00Pa30BaHHIO CTPYH HA BBIXOZE U3 UCTOYHHKA TIA3MBL.

Jluteparypa:
1. Tarakanov V.P., User's Manual for Code KARAT, BRA, Inc., V.A,,
USA, (1992) 139.

DyHAAMEHTAJIbHbIEe 0CHOBBI Pa3padoTKH HCTOYHMKOB IJIA3MbI Ha
OCHOBE BHICOKOYACTOTHOI0 Pa3psiia HU3KOI'0 AaBJIeHUs
Basunun K.B., Kpanskuna E.A., I1aBnoB B.b.

MI'Y, r. MockBa

B nacrosmeit pabote paccMoTpeHb! (PU3NYECKHE MPHHIMIEI Pa3pabOTKH
HCTOYHMKOB IUIa3MBI Ha OCHOBe WHAyKTHBHOTO BY paspsma. Bribop
WHIYKTUBHOTO pa3psla B KAadeCTBE AKTUBHOM CpeIbl MCTOYHUKOB ILTA3MBI
MIPOJMKTOBAaH €r0 OCHOBHBIMH JIOCTOMHCTBAMU — OTCYTCTBHEM KOHTaKTa
IIa3Mbl C METAIMYECKUMH DJIEKTPOJaMH, BO3MOXKHOCTBIO TMOJIYUEHHs
BBICOKOH KOHIICHTpAIUHX 3JICKTPOHOB IPHU OTHOCUTEIIBHO HEBBICOKOM YPOBHE
BY momnrHocTH, HEOONBIINE TEMIIEPATYphl JIEKTPOHOB, M, CIIEIOBATEILHO,
HEBBICOKMI MOTEHIWAJ IUIa3Mbl OTHOCHTEIBHO CTEHOK, OTPaHMYHMBAIOIINX
paspsa. [locnennee, MOMUMO MHHUMH3ALUH TTOTEPh MOIIHOCTH Ha CTEHKaX
WCTOYHMKA IUIa3MBI, TI03BOJISIET W30€XaTh ITOBPEXICHUS ITOBEPXHOCTH
00pa3I0B HOHAMH BBICOKHX SHEPTHH IIPH nX 00paboTke B paspse.

LlenTpanbHeiM  BonpocoM (HM3MKM HWHIYKTHBHOTO paspsiia HHU3KOTO
JaBIICHUS SABJIAETCS BONPOC O MeXaHW3Max M 3(p(EeKTHBHOCTH MOTIIOIIEHHS
BYU wmommuoctn mmazmoi. Hactosmas pabGora mocBsmeHa  0030py
pe3ynpTaToB MO u3ydeHHro s¢dexrtuBHOCTH TornomeHus BY momHOoCTH
TUIa3MON MHIYKTHBHOTO pa3psiia NMpPU YCIOBHSX, TUIHYHBIX JJIsi paboThI
HCTOYHHKOB IUIa3Mbl HU3KOTO NaBJCHUA. B kadecTBe Mephl d3PPEKTHBHOCTU
MOTJIOIICHU BY MOIIHOCTHU HCIIOJIB30BAHO TIIOHATHUC OSKBUBAJICHTHOI'O
CONPOTHUBJICHHS, C TIOMOIIBI0 KOTOPOI'O MOXHO OOBEKTHBHO CpaBHUBATH
MeXAy co0Ol MCTOYHMKH IUIa3Mbl, MCHOJB3YIOIIME B KadecTBe paboyero
mporiecca paznuunbie Moaudukanuu BY paspsna.

[MomuMo 0obOcykaeHNsT BO3MOXKHOCTEH oOecriedeHns: Y3PPEKTHBHOTO BBOAA
MOIITHOCTH, oTAaBaeMoii BY rerepatopom B m1asmy, pacCMOTPEHBI YCIOBHS
MOTYYEHUsT MaKCHMaJIbHO BO3MOXHOW IUIOTHOCTH IIIa3Mbl IIPU 3aJaHHOM
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YPOBHE MOIIHOCTH M pacxojie paboyero rasa, a Takke KOMIIJIEKC YCIOBHUH,
00€eCIeunBaIOLIMX BOCIIPOU3BOAUMOCTD Pa00Thl HCTOYHUKOB ILIa3MBI.

W3BectHO, uro BY MomrHOCTh MOCTynaer B MHAYKTUBHBIN BU paspsn mo
JBYM KaHalaM: UHAYKTUBHOMY M eMKocTHoMy. Kax mnpaBuio, mnpu
pa3paboTKe HWCTOYHHMKOB IDIa3Mbl Ha HMHAYKTHBHOM BY  paspsne
MIPUHUMAIOTCS MEPHI 110 YMEHBIIEHHIO €MKOCTHOI COCTaBIISIOIIEH paspsiia.
B Hacrosmed paboTe paccMOTPEHBl BO3MOXKHOCTH — HCITOJIB30BAHMS
€MKOCTHOW COCTaBISIOIIEH pa3psaa Uil OOJNerdeHus €ro IODKWTIa,
TIOBBIIIEHUS] YHEPreTH4ecKol 3((EKTUBHOCTH IIa3MEHHBIX YCTPOMCTB IpH
OTHOCHTEJIPHO HEBBICOKMX MomHocTsix BU renmeparopa, m crabunmsanun
pa0bOThI HICTOYHUKOB TUIA3MBI.

MopeaupoBaHue 0CaKACHUS JIEKTPONPOBOAAIINX MOKPHITHIl Ha
CTEHKAX pa3psAHoii KaMepbl BLICOKOYACTOTHOI0 HOHHOI'O IBUTaTe s
Mapees C.B., Xapros C.A.

MAMU, r. MockBa

Onexrpopaketnsie asuratenu (OPJ]) HaxoasaT Bce Ooblliee TPIMEHEHUE B
Ka4eCcTBE TATOBBIX MOAYJIEH i KOCMHYECKHX amlapaToB pa3iIn4HOTO
HasHayeHus. Cpemu Ooxipmioro pasHooOpasus TtumoB OPJl Bwlmensercs
paanodacToTHBI HMOHHBIN asuratens (PUT), xoropeii obmamaer psmom
CYIIECTBEHHBIX NPEUMYIIECTB: OTCYTCTBHEM 3JIEKTPOJOB B KEPaMHUUIECKOH
pa3psAHON KaMepe, 3aKUTaHus M HOAAep KaHuA paspsia 0e3 KaToJHOTO y3Ia,
BO3MOXKHOCTh Pa0OThI Ha pabOYHX TeNlax ¢ HU3KOM CTENEeHbI0 OYHCTKH.

TpaguuroOHHO CYMTAETCA, YTO B CHIIy OTCYTCTBHUS 3JEKTPOIOB M HU3KUX
MOTEHIMaJIaX MIa3Mbl B pa3psiiHON KaMmepe SIBIEHUS! KaTOJHOTO paclbUICHUS
MPaKTHYECKH OTCYTCTBYIOT M 3TO HE JIOJDKHO TNPHBOJIUTH K OOpa3OBaHHUIO
3arps3HSIOMUX TOKOIPOBOIAIINX MOKPBITUH HAa IOBEPXHOCTH KEPAMUUECKOM
kamepsl. OJHAKO €CM paccMaTpuBaTh UIMTEIBbHYIO PabOTy ABUTATENS C
«tepexxaToit» noHHo-onTudeckor cucremoit (MOC) sBieHne KaTOZHOTO
pacmubuIeHUs BTOpUYHBIMA HoHaMu (¢ 3Heprisivu 200-5003B) yckopsiromero
JIeKTpoa OylIeT TMPHBOAWTHG K IEPETNbUICHUIO MaTepHala 3JIEKTpoja Ha
MIOBEPXHOCTh KEPAMHYECKOH KaMepbl. AHAIOTHYHBI SBICHUS OyayT
MIPOMCXOAUTh TPHU HCHBITAHUAX JBUTATEedsI B BaKyyMHBIX KaMepax
OTpaHMYEHHOTO 00beMa TPH PACIBUICHUH YCKOPEHHBIMH MOTOKAMH CTEHOK
Kamepsl. B pe3yibrare Ha IOBEPXHOCTH pa3psiHONW KaMepbl OyayT
(dbopmupoBathCst HOKPBITHS, KOTOpBIE MOTYT CIOCOOCTBOBATh
BO3HMKHOBEHHIO CKHHCIIOS, BIMSIONIETO Ha pabouyne XapaKTepHCTHKU
nasuratens. @opMupoBaHUe ATUX MOKPHITHH MPOUCXOIAUT B YCIOBUAX HOHHOU
60MOapANPOBKH TTOBEPXHOCTH W HAJIMYUS TIEPEMEHHBIX 3JIEKTPOMArHUTHBIX
noneld. Tomosorust moBepxHOCTH OyneT OTOOpakaThb BCIO COBOKYITHOCTB
BO3JIEUCTBUN OKpYXKarolIe cpenbl.
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OCHOBHO# TpPYIHOCTBIO SIBJISIETCS OINKCATh IOJy4aeMble OOpa3oBaHUSI.
XapaKkTepHOil OCOOEHHOCTBIO TAaKOro (POPMHPOBAHMSI TOKPBITUS SIBISETCS
HEpPaBHOBECHOCTh  Iporecca. OOBIMHO NpPU  PacCMOTPEHUH  €r0
MaKpOCKOIIMYECKMX  XapaKTEpPUCTUK HE  YYUTHIBAIOT CTPYKTYpy Ha
MHKpDOHHOM ypoBHe. Jlyisi ommcaHust 53TOro Juama3oHa MaciTaboB
WCIIONIB3YETCST  METOJ (pakTanpHOTO aHaM3a. @pakTanbHOCTD
MoJpa3yMeBaeT CaMOIoJO0Ne B ONpENeNIEHHOM AHama3oHe MacmTaboB.
[Mpumensass MaTeMaTHYEeCKWi amnmapaT XaoTHYeCKOW ITUHAMHKH, MOXKHO
CTIIPOTHO3HMPOBATh OINpEEIEHHbIE (PU3NUECKHE XapaKTEpPUCTHUKH TpoIiecca, a
MepeHocsick  00paTHO Ha MOJCIUPYEMBIH Tpolecc — CIPOTHO3MPOBATh
OTIpeIeTIEHHBIC XapAKTEPUCTUKHU JBUTATEIS.

[TonoOHBI  mpollecC MOXKHO — CMOJIENTMPOBaTh C  HCIHOJIb30BAaHHUEM
MAarH€TpOHHBIX PacCublIUTEIIbHBIX CHUCTCM. B JOKJIaae MIPUBOAUTCA
000CHOBaHHE W PE3yJbTaThl MOATOTOBKH SKCIIEPUMEHTA JUIsl IPOBEPKH ITOU
THITOTE3BI.

MopneaupoBanne padovero mpoiecca B ra3opa3psiiHoil Kamepe
BBLICOKOYACTOTHOI0 MOHHOIO IBUIaTE/Is
Kanes C.B., Jlatpmmes JI.A., HurmatsstaoB B.B., Xaptos C.A.
MAM, r. MockBa

JUii  COBpEeMEHHBIX W  MEpPCIEKTUBHBIX KOCMHUYECKHX allapaTos,
MIPeAHA3HAYCHHBIX IS ONepanuii B OKPECTHOCTH 3eMIIM U HCCIEIOBaHMS
JalbHEr0 KOCMOCa HEOOXOMUMBI JIBUTAaTeNH C BBICOKHUM  YAEIbHBIM
UMITyIbcOM. TakuMM XapaKTepUCTUKaMU 00agaroT noHHble asuratenu (M)
U B YaCTHOCTU UX DPA3HOBUAHOCTb C HCIONB30BAHHEM BBICOKOYACTOTHOIO
paspsiaa a1t noHu3anuu padbodero tena (BU MO).

[pu co3manun moxenert BU W] BaxHOI 3amaveli sBiIseTcss 000CHOBaHUE
BIUSHHUSA TapaMeTpoB TasopaspsgHoii kamepbl ([PK) ma TaroBbie
xapakrepuctukun U 3¢QdekTuBHOCTS ABHrarens. B maboparopun BU U]
MAW npenmnonaraercs Kak YHCJIEHHO, TaK M  OKCIIEPUMEHTAIBHHO,
HCCIIEIOBAaTh BIMSHHUS I'€OMETPHUYECKHX MapaMeTpoB MHAYKTOpa, (HOpMbI U
matepuasia [PK ¢ menpro moBbimeHns 3((eKTHBHOCTH MPOIECCOB
HOHM3aLNH pabodero tena.

Ho HACTOSILIET0 BpPEMEHU CHCTEMaTHYECKUX HCCIIeI0BaHUN
paspaboruynkamu cxembl BU MJI B maHHOM HampaBlIeHWH HE MPOBOJAMIIOCH.
OpHako HMEIOTCS AKCHEPHUMEHTABHBIE pe3yIbTaThl O TOM, YTO IIyTEM
u3MeHeHuss B 4vacTHoctH Qopmel [P/l ¢ muinuHApuuyeckoil Ha
MOTyCepHYecKyr0 WIN ILIUITHYECKYIO MTO3BOJISIET COKOHOMHTE oT 20% 1o
25% oHeprum, 3aTpauMBaeMOW Ha HWOHHU3aIMIO pabouero Ttenma. U3
9KCIIEPUMEHTOB OBUIO PEKOMEHJOBAHO IUISI ATHX JK€ IieJel, 4TOOBI BUTKH
WHIYKTOpa HE PACIOJIATAINCh CIUIIKOM OJHM3KO Apyr OT JApyra, Tak Kak
ciemyeT M30eratb B3aHMMOJICHCTBHS COCEOHMX BHTKOB HA YPOBHE IIOJICH.
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Bbruio ITOKa3aHO, YTO UMCCTCs OINTHUMAJIBHOC ITOJIOXKCHUC HOHHO-ONTHYECKON
CHCTEMBI OTHOCUTENIbHO UHAYKTOpa. TakuM 00pa3oM, MOKHO HAMETHTD ITyTH
JUIsl TIPOBEICHUS CHUCTEMAaTHYECKHX HCClenoBanuil. [lepBbIM IIarom 1o
MHEHHIO aBTOPOB JIOJDKHA CTaTh pa3paboTKa MaTeMaTHYecKOH MOJeH
pabouero nponecca B 'PK BU U/,

B mHacrosmieM [OKiIane IpeACTaBiIC€Hbl OOOCHOBAaHHWE MPOBEICHUSI
HCCIIeOBAaHMH U OIXOABI K OCTPOCHHUIO MATeMaTHYECKOM MOIEIH.

AHaJIN3 MHAYKIHOHHOT0 BHICOKOYACTOTHOI0 Pa3psia MeTOA0M
3JIEKTPOHHOI MATHUTHOM r'HAPOIMHAMMKH
[MuckynkoB A.®., O6yxoB B.A.

MAMW, r. MockBa

Jloxmaa mpencraBisieT pa3BUTHE MOJAETH BBICOKOYACTOTHOTO paspsiia B
ra3e HHU3KOTO NABJICHUS Ha IpuMepe Ar B kadecTBe pabouero tena [1]. BU
IoJie TeHEepUpYyeTCs LMWIMHAPUYECKON KaTyIIKOM Ha TpaHHILE pa3psiAHOU
ma3msl. [lepeHoc MarHUTHOTO MO 33 MPeeNbl KIacCHYeCKOT0 CKUH-CIIOS B
pabounii 00BeM INIA3MBI OCYHIECTBISACTCS KOHBEKTHBHO C OOpa3oBaHHEM
MarHuTHOH BONHEL. [lpm mepeHoce IO, HANpUMep B Ipeaenax
TTONIOKUTETTHPHOTO HWMITyJbCa, IUTa3Ma o0NajaeT MarHUTHBIM MOMEHTOM,
MPHOOPETEHHBIM ~ «3aMarHUYEHHBIMID SJEKTPOHAMH 33 OTPHUIATEIbHBIH
MMITYJIbC U COXPAHHUBIIUM €0 IIPH MaJioM 3aTyXxaHuu. Ha ¢ppoHTe MarHuTHOM
BOJNHBI (OPMHpPYETCSI TOHKHH TOKOBBI CIIOH, NpHHHMAiOmui Gopmy
CHHMpaJId ¢ MUHUMYMOM MarHMTHOTO TOJIS Ha ocH cios. Tok B cloe umeer
pasvanbHyI0 M a3UMYTAJBHYI0O KOMIIOHEHTBHI U ONpeAessieTcs BETMYHHOM
MarHuTHoro moinsd. Ilpu JBHKEHUH CNNOS TPOUCXOJUT AHHUTHIIALMA
MarHUTHOTO TOJS C BBIACNIEHHEM JSHEpruH. Pe30oHaHCHBIM pexuM
OCYILIECTBIISIETCSI, KOTJa 3a BpeMs IOJOBUHBI IepHoja IOJIE OJHOrO 3HaKa
3amoyHsAeT Bech O00BeM IDasMbl. Ha rpaHune Imoia3Mbl TEHEpUPYETCS
MTOBEPXHOCTHBIA TOK, CABHHYTHII TI0O BPEMEHH Ha YETBEPTh IIepHOAa
OTHOCHUTEIIFHO TOKa B CKHH-CJIO€. B ONTHMANbHBIX YCIOBHSX 3TH TOKH
TeHEePHPYIOT WUMITYJIbCHOE MAarHWTHOE IIOJI€ Ha TpaHUIle IDIa3Mbl. B aTmx
peXuMax OaBJIEHHE SJIEKTPOHHOTO Ta3a NMPAKTHYECKH MOCTOSHHO M PaBHO
3¢ ($eKTUBHOMY 3HAYEHUIO MarHUTHOTO JaBJleHHA. [Ipu OBMKEHHH TOKOBOTO
CJIOSl MPU AHHUTWIILKMK B HEro MOMAJaloT «3aMarHUYEHHBIE» 3JIEKTPOHBI,
KOTOpbI€ 3aXBaTBIBAIOTCS B MAarHUTHOM M 3JIEKTPOCTATHYECKOM JIOBYIIKE.
OJEeKTPOHBI ¢ BEICOKOW 3HEPTUel 0CTAlOTCs B JIOBYILKE JOJbIIE, YeM C MaJIon
SHEprueH, T.K. UMEIOT OoJiblliee BpeMs Ul KyJIOHOBCKUX CTOJIKHOBEHHH. B
TAaKOM IOCTAHOBKE MpPOSABISIETCS MEXAHW3M  TOSIBICHHUS  «TOPAUMX)
9JIEKTPOHOB, o0ecTeunBaroIX dPPEKTUBHYIO HOHU3AINIO Ta3a. DIIEKTPOHBI
HAarpeBaroTCa B CKHH-CIIOE Ha TPaHHUIIE TUIA3MBI U TIEPEHOCATCS K OCH pa3psaa
paguanbHBEIM TOKOM. TemmepaTypa 3JEKTPOHOB MOXET CYIISCTBEHHO
YMEHBIIAThCA K OCH pa3psia, HO YacTOTa MOHW3AIMOHHBIX CTOJIKHOBEHUI
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OCTaBaTbCs MPAKTHUUECKH IIOCTOSIHHOM BEJIMYMHOM MO ocu pa3psga. B
JOKJaJe TPHUBOIATCS OLEHKH MapamMeTpoB TPaHCPOPMATOPHOH CBs3M
MEepBUYHON Lienu, mnoiakitoueHHo K BY reneparopy, u uenu paspsia.
Pe3ynbraTsl pacueTa cpaBHMBAIOTCS C SKCIIEPUMEHTAIBHBIMU JAaHHBIMU.

1. A.®JluckynkoB, B.A. OOyxoB, Mogens  UHIYKTUBHOTO
BBICOKOYACTOTHOT'O pa3psiia HU3KOro AABJICHUS, JOKJIA HA MEXIYHAPOIHOM.
koH(pepeHIH «®DH3MKa BBICOKOYACTOTHBIX pa3psaoBy», KaszaHp, ampeib
2011r.

IIpeaBapuTe/ibHOE IKCIIEPUMEHTAILHOE HCCIEeA0BAHME PadounX
XapaKTePUCTUK BHICOKOYACTOTHOI0 HOHHOI'0 MCTOYHUKA NPH padoTe Ha
AUOKCHAE yIiepoaa
Oeiinmu [1., J1€6 X.B.

Yuusepcuter FOctyca Jlubuka, r. ['uccen, ['epmanns
Cmupaosa M.E., Ka3zakos E.H.

MAMU, r. MockBa

OpHOW W3 TEpCIIeKTHB Pa3BUTHSA 3JIEKTpOpakeTHbIX asuratenei (OP]I)
SIBIISIETCS] X NPUMEHEHHE Ha ammapaTax, MpeJHa3HaueHHBIX JUIA IOJIETOB B
BEPXHHUX CIOSIX aTMoc(hephl 3eMIIH HITH IPYTUX IUIAHET, C HCTIOJIb30BAHUEM B
kagectBe paboduero tema (PT) atmocdepnpix ra3oB. Takas cxema pabOTHI
mo3BoJmiia Obl M30aBUTHCA OT HeobxoammocTH xpaHeHHs PT Bech mepuox
9KCIUTyaTalliM yCTAHOBKH M, CIE€JOBATEIbHO, CHU3UTh MAcCy KOCMHYECKOTO
anmapara B IIeJIOM.

PacnmpeHI/Ie CIICKTpa BO3MOXKHBIX JIA MCITIOJIb30BAaHUA I'a30B MOXKET 6I)ITI)
MOJIE3HO M B CIy4asX HCIIOJNb30BaHHMS HCTOYHMKOB HMOHOB Ha 0ase cxeM
cooTBeTcTByIOImUX OPJ[ B TEXHONOTMUECKHX MLENSAX, TJE O3TO MOXKET
CIOCOOCTBOBATh CO3JaHUI0 HEOOXOIMMBIX Ul NPOTEKaHUSI TOTO WJIM HMHOTO
TEXHOJIOTHYECKOTO TIpollecca YCJIOBHH WM TIOSBICHHUIO MPUHINIHAIGHO
HOBBIX MPOIEAYP MOIYyUSHHUS IIOKPHITHH U APYTHX CTPYKTYP.

B Hacrosimee BpeMst aist pabOTBI HA pasHbIX ra3ax JIydlle BCETO MOTYT
MMOJONTH BBICOKOYACTOTHBIE HOHHBIC nBurarenu (BY W) w ucTouyHWKH
nonoB (M) Ha wuX OCHOBE, KOHCTPYKLHH KOTOPBHIX IIO3BOJSIIOT HX
SKCIUTYaTaIfio C UCIOIh30BaHMEM JTIOOBIX Ta3000pa3HBIX paboUnX Tell.

[lepBpiM 1maroM B  HampaBieHHH IIEJICHANPABICHHOTO  CO3IaHUs
OINMCAHHBIX YCTPOWCTB JOJDKHO OBITh H3y4YeHHWE BO3MOXHOCTEH paboThI
CYIIECTBYIOIIMX JIBUraTejledl Ha MpearojiaraeMblx rasax. B pabote
MIPEACTaBICHbl  JKCIEPUMEHTAJIbHBIE  JaHHbBIE,  IOJNY4YEHHbIE  IpH
nccnenoannn Qynkunonuposanns BY HU-10 (RIM-10) Ha amokcuze
yriepona. [l cpaBHEHHs NPHBEICHBI pE3yJbTaThl U3MEPEHUH OCHOBHBIX
xapakrepucTuk Toro xe M1 npu pabdote Ha aproHe.
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®opMHpPOBaHNe OTBEPCTHI B yckopsomeM djaexrTpoae HOC meTtogom
HOHHOTO NMPOIIMBAHUSA
Bebep A.B., Kazakos E.H., Morynkun A.W., Hukutunex 1U.B.,
O6yxoB B.A., Cutankos C.A., CmuproBa M.E., Xapros C.A.
MAMWU, r. MockBa

V3en nonno-ontryeckoit cucremsl (MOC) siBisieTcss OJHAM M3 OCHOBHBIX
9JIEMEHTOB HMOHHBIX apurateneid (MJ]), ompexpenstomux ¥X BBIXOIHBIE
xapaxtepucTuku. OH COCTOHT M3 IBYX WJIM TPEX SKBUANCTAHTHBIX IUIACTHH —
JJIEKTPOJIOB, BBITTOJTHEHHBIX B BUZIE CETMEHTOB coepsl,
rycronepoprupoBaHHBIX COOCHBIMH OTBepcTHsAMH. s  oOecrieueHus
BBICOKOM 3(()EeKTUBHOCTH ABHUTATENsS] OTBEPCTHS B COCEIHUX 3JIEKTPOIAX
BBINOJHSIOTCSL Pa3HOro auamerpa. KoiamdyecTBO OTBEPCTHH JIOCTHIAET,
Hanpumep, mnsd 300 mm smektpoma — 15600, mpu 3TOM TpeboBaHHA K
TOYHOCTH HX H3IOTOBJICHHA OYCHBb BBICOKH. COBpeMCHHBIe METOAbI
W3TOTOBIICHUSI — 3JIEKTPO-3PO3MEH WM JIa3epHBIM NPOLIMBAHHEM TPeOYIOT
3HAYUTECJIbHBIX BPDEMCHHBIX 3aTpar.

Pazeutne WMJI (B TOM 4uYHciae W PagHoYacTOTHBIX) CTaBHT IIEPEX
pa3paboTyMkaMu  3ajady ~ yBEJMYCHHS ~ pa3MepoB  JBUrarens
CJIE/IOBATENIFHO, MX JIEKTPOIOB, MIEPEX0/ Ha HOBbIE KOHCTPYKIIMHM Ha OCHOBE
YTIIEPOA-YITCPOAHBIX ~ KOMITO3MIMOHHBIX  MaTepuanoB. CoBpeMeHHBIE
TEXHOJIOTUH M3TOTOBJICHUS 3TUX JeTanedl OyayT SBISTHCS JTUMHUTHPYIOIIAM
(hakTOpOM TIPH HaNAKUBAHUH MEIKOCEPUITHOTO IPON3BOCTBA JIBUTATEIICH.

Panee B MAU B cepemmre 70-x ObLIa MMOKa3aHa NPUHIWIHAIBHAS
BO3MO)KHOCTh W3TOTOBJICHHS YCKOPSIIOLIETO 3JE€KTPOJA, BBHITOJHEHHOTO W3
MeJlY, METOJIOM MOHHOTO TpounBaHus. [Ipy 3TOM mpolecc OCyIecTBIsIICS
npu paboTe IBUTATENS C YCTAaHOBKOW MEIHOM ITaCTHHBI HEITOCPEICTBEHHO B
y3en MOC. PesynpraTel JaHHOTO HCCIENOBAHHSA IIPOJEMOHCTPUPOBAIIH
o0Opa3oBaHNe B IUIOCKOW ITACTHHE OTBEPCTHH 3a IpHEMIIEMble BpEMeEHa
pabotsl aBurarens. OTBepCTUS NMEPBOHAYATHHO O00Pa30BHIBAIHMCH B IIEHTPE
JNIEKTPOJIa, a 3aTeM Ha nepudepuu.

B mHacrosmem [fokiame MpPUBOIATCS pacdeTHBIE OLEHKH MapaMeTpoB
TIpOIIecca HOHHOTO IPOUIMBAHMS U PE3YJIbTAaThl HATYPHOTO 3KCIIEPUMEHTA I10
n3roToBieHno 100 MHJUTMMETPOBOTO 3JEKTPOAA W3 YIIIEPOA-YIIIEPOIHOTO
MaTepuayia. DKCIEPHUMEHT ITOKa3al, 4To B oTiamyue oT mean 3a 100 gacos
OBUTH TIOTHOCTBIO C(HOPMHUPOBAHBI B OCHOBHOM MepU(EpUIHBIE OTBEPCTHSL.
OO6pa3oBaHne e OTBEPCTHUI B IEHTPE OCTANOCh HE3aKOHYEHHBIM H 3a 150
yacoB. llpencraBneH  aHanu3  IOJNYYEHHBIX  JAHHBIX,  PE3YJbTaThl
BCIIOMOTATEJIbHBIX UCCIIEIOBAaHUI 10 MIPOBEPKE psAla TUIIOTE3 M 00CYyKAeHHE
BO3MOXKHOCTH Pa3BUTHs padoT.
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MopaeaupoBanne 00pa3oBaHUs Ca’kKH B KaMepax CropaHus
ABHALMOHHBIX ra30TYPOMHHBIX ABUIaTeJIei
Abpamuyk T.B.

ABuanpurarens, T. [lepmb

[Tpu pazpaboTke Kamep CropaHusi C HU3KMM YPOBHEM 3MHCCHH BPEIHBIX
BEIIECTB, B TOM YHCIIE U JbIMa, Hy>KHO pacrojiaraTb HayqHO 00OCHOBaHHBIMH
PEeKOMEHJAaIMsIMK JUIS TPaBUIBHONW OpraHm3anuu pabodero mporecca. [Ipu
9TOM HEOOXOJMMO aJeKBaTHO OMNKCHIBATh B3aWMOICHCTBHE JETATBHOU
XVMHYECKOH KHHETHKH W TypOyJeHTHOTO TEYEeHUS, a TaKkKe JTaIlbl
(hOpPMHPOBAHMUS YACTHUI] CAXH C WX TOCIEAYIOIINM BBITOpaHueM. s 3Toro
IIMPOKO HCTIONB3YIOTCS PA3IMYHbIE MaTeMAaTHUECKHE MOAEIN 00pa3oBaHMs
CaXHW, B  TMOJABISIOMIEM  OOJBIIMHCTBE  KOTOPBIX  IIPUCYTCTBYET
OIIPEICTICHHBIN yPOBEHb AIMITUPUKH.

B pabote mpoBoauTCA CpaBHEHHE TpeX Mojened o0pa3oBaHUS CaXH:
mozenb TecHepa, moaens Jlunmmrenra u rudpunnas Flamelet-EDM monens.

B xauecTBe 00BEKTa HMCCIIEIOBaHUS BHIOPAHBI CIEAYIOIINE KOHCTPYKLIUH
Kamep cropanus (cektop kamepsl B 30°):

cepuiiHas kaMmepa cropanus asurareins [1C-90A

cepuiiHas MaJTO3IMHUCCUOHHas kaMmepa cropanus asurarens [1C-90A 1

cepuiiHas MallOOSMHUCCHOHHas Kamepa cropanus nsurarens IIC-90A1 c
MO (PUIIIPOBAHHBIM COTIJIOM 3aBHXPHUTEIIS

Pacuersr BbmonHeHsl B makere ANSYS CFX v12.1. B xauectse
TPaHUYHBIX YCIOBHH U1 pacueToOB 33JaHbl MapaMeTpPbl, COOTBETCTBYIOIIHE
PEeXUMY UCTIBITaHUI Ha oqHOTOperoYHoM oTceke (Tabmuma 1).

Tabmuna 1

IMapametp 3HayeHue
Temneparypa Bo3nyxa Ha Bxoze B KT 200 C
JlaBnenne Bo3ayxa Ha Bxoje B KT 7 atM
Pacxon TormmBsa 0,03351 xr/c
Pacxon Bo3nyxa uepe3 KT 1,9895 kr/c

CpaBHEeHHE BBIIOJHEHHBIX PACcUETOB C AIKCIEPHUMEHTAIBHBIMU JTaHHBIMU
MOKa3ayo, YTO HU OJHA U3 TpeX MPEeACTaBICHHBIX MOZEJeH He MO3BOJSIET ¢
JOCTATOYHOM TOYHOCTBHIO KOJMYECTBEHHO OMMCATh YPOBEHb BHIOPOCOB CaxXH
Ha BBIXOJIE IJISI BCEX TPEX BapUAHTOB >KapOBOW TPYOBI KaMephbl CropaHMs
I'TA. B To e Bpemsi, HanOoJiee MpUEMIIEMbIE PE3YNIbTaThl C TOYKH 3PEHHS
ONMCAaHUsT meHOeHyuu B W3MEHEHHHM YPOBHS CakeoOpa3oBaHMS IIpH
W3MEHEHHH KOHCTPYKIMH apoBOH TpPyOBI NPOAEMOHCTpHpOBajia MOJEIb
JIugmmrenra.

[Tpn 3TOM pe3ynbpTaT MOAEINPOBAHMUS Ca)ke0Opa30BaHMS ONPEEISIeTCs He
TOJIBKO SMIUPUYECKUMH 3aBHCHUMOCTSIMH, 3aJ0KEHHBIMH B MOJEIH, HO
TaKKe IEIbIM KOMIUIEKCOM (DaKTOPOB, TaKMX KaK MOJECIUPOBAHNE
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XMUMHYECKONH KHHETHUKH, TYpOYJIEHTHOCTH, PacIpOCTPaHEHHs XKUAKOH (a3bl
TOTUIMBA B )KapoBOil TpyOe.

Pacuer Moie/IbHOTO JTAOMPHHTHOIO YIUVIOTHEHHUSI B HECTALIMOHAPHOM
NMOCTAHOBKE METOJAMHU BbIYMCINTEIbHOI IMIPOra3oiMHaAMUKH
EBnokumos W.E., bpeikun b.B.

HTL um. A.Jlroneku, MAU, T. Mocksa

VYMeHbIICHNE YTEUeK W MEPETEeUYeK BO3AyXa B Ta30BO3IYIIHOM TpAaKTe
nBuTaTens BeleT K moBbimeHH0 3ddexkruBHoctH I'TH. s cHmKeHHS
NepeTedek B JABUTATENe TPAAUIMOHHO MPUMEHSIOTCA pAa3IMYHBIE BHJIBI
JTaOMPUHTHBIX YIUIOTHEHU. Bo3Hnukaromue B YILUIOTHEHUSAX
HUPKYJIAOUOHHBIEC CHUJIBI OTPULATCIBHO CKa3bIBAIOTCA Ha yCTOﬁ‘IPIBOCTPI
poropHbiX cucteM. CoOBEpIICHCTBOBAHME METOJOB aHajM3a BUOpamnuii B
TypOOoMammMHax TpeOyeT NPOJOIDKEHUS] HCCIeNOBaHUH B HAaIlpaBICHUH
BBIYMCIIMTENBHON THAPOTa30lMHAMKHA W CO3JaHHMs METOJMYECKHX OCHOB
OLIEHKH YCTOHYMBOCTH POTOPHBIX CHCTEM C y4ETOM BKJIaJa B YCTOHYMBOCTB
ra30ANHAMUYECKHUX CHIL.

[IpencraBnennast pabota sBISETCS pPa3BUTHEM OITyONIMKOBAHHBIX paHee
HCCIIeIOBAaHUH MOZEIBHOTO JTAOMPHHTHOTO YIJIOTHEHWS, MOCTPOSHHOTO MO
cragapty API 617 ameprukaHCKOTO HHCTHTYTa HE(TH U ra3a, 10 Pe3yIbTaTy
KOTOPBIX OBUIM OIpEneNeHbl 3HAYCHUs a’pOJVMHAMHUYECKUX CHI TIpH
pasTMYHOM OSKCLEHTPHUCHTETE, a Tarke paspaboTaHa oOIas METOJUKa
MOJCIMPOBAHUA U pacye€Ta TCUCHUS B J'Ia6I/IpI/IHTHI>IX YIJIOTHEHUAX CIIOKHOM
KOH(UTYypanuu.

Oco0eHHOCTEI0 HacTosILen paboTsI SIBIISICTCA HU3MEHEHHE
9KCIIEHTPHCUTETA POTOpA ABHUIaTellsl B TEUEHHE BPEMEHH pacyeTa ¢ 3aIliChio
MIPOMEKYTOUHBIX PE3YIIBTATOB, COJIEPKAIINX B ce0e 3HAUCHHUS UCCIIeyeMbIX
napameTpoB. [1o pe3yapraTam pacdeToB OBUI IIPOBEACH aHAIN3 3aBUCHMOCTH
BO3HHMKAIOMINX  adpPOJMHAMHYECKHX CHJI OT BpPEeMEHH ¢  3HAYCHHSA
9KCIIEHTPHCHUTETA.

Bce Monenu, mpeacraBineHHBIE B JaHHOW pabdoTe, Obuti ocTpoensl B CAD
mporpamme Unigaphics NX6, ¢ mocieayrommuM SKCIIOPTOM B TPOTpaMMy —
cerkomoctpoutrenb  ANSYS ICEM CFD v.12.1. HecrammonapHsie
ra3oJlIMHAMUYECKHE pacyeThl M 00paboTKa TMOJYYEHHBIX pPe3yJbTaTOB
npoBomiack B mporpamme ANSYS.CFX.v.12.1.

YaydumieHnne JHHAMHYECKHX XaPAKTEePHCTHK 3JIeKTPOMAarHUTHBIX
KJIANIAHOB B MHeBMOruapaBandeckux cucremax 7KP /I
Boiiko B.C., Konox B.U.

Kb «¥OxHO0e», r. /lHenponeTpoBek, YKpanHa

B JKHIKOCTHBIX pPaKeTHBIX IBHTAaTENIIX MHOTOKPATHOTO BKIIOYEHUS C
ypoBHeM TIr g0 5 kH addexkTuBHBIM  sBISETCS  NpUMEHEHHE
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anektporuapokianadoB (OI'K) B JuMHMSAX mNUTaHHS KaMepbl CrOpaHHs
KOMIIOHEHTaMH TOIUIMBA. [l BBIONHEHHS TPeOyEeMBIX XapaKTEPHCTUK
3allycKa W OCTaHOBa MIBHIATENIbHON YCTaHOBKM HEOOXOIMMO OOECHeuuTh
BBICOKHE W CTaOWiIbHBIC TOKazarenu OwictpoxeiictBus DI'K. Oty 3amauy
pemaer pazpaboranbiii OI'K ¢ npeHa)xoMm, KOTOPHIM BBHIIONHEH 10 CXEME C
ycuineHneM. B mporece  AKCIIepUMEHTaNbHOM  OTPaOOTKH  BBISABIICHA
CYIIECTBEHHAs 3aBHCUMOCTb BpeMeHH OTkpeiTHa OI'K or oObpema
MarucTpadd Ha BBIXOAE. YCTaHOBIEHO 4YTO AN YCTpaHEHUS 3TOH
3aBUCHMOCTH HEOOXOAMMO YTOOBI BBIXOAHAs IMOJOCTH  3alOJHSIIACH
HE3aBHCHUMO OT BBIXOJHOTO TpyOompoBoma. OTOr0 MOXHO JIOCTHYb,
ycraHoBuB B BeIXoAHOH mTytep DI'K comno BenTypn, koTopoe pazpenanHsieT
BBIXOTHYIO MOJIOCTh U BBIXOJHOM TPYOOIIPOBO/I.

B noknane mpHBOAATCA pe3ynbTaThl SKCHEPUMEHTANBHBIX U PacdeTHBIX
UCCIICIOBaHUN BIUSHUS 00BbeMa BBIXOJHOM THIPAaBINYECKOM MarucTpaiu Ha
BpeMsl OTKPBITHS D3JEKTPOTHAPOKIANAHA C YCUIEHHEM M JPEHaXOoM.
[lonmydeHa 3aBHCHMMOCTH BPEMEHH OTKPBHITHS TIPH Pa3IMUHBIX 0OBEMax
TpyOOIIPOBO/A HA BBIXO/IE OT TEOMETPHUECKHX ITapaMeTpoB coruia BenTtypu.

CoBpeMeHHbIE JKUAKOCTHBIE paKEeTHBIC IBHIATENM BKIIOYAIOT B ce0ds
ITHEBMaTHYeCKHe OJIOKM yMpaBlieHHS C pa3HOOOpasHBIMH arperaramu
aBTOMATHKH, B TOM umncie snekrponHeBMokianansl (JI1K). Kak mpasuio,
JJIEKTPOITHEBMOKJIATIAaHBl  Pa0OTalOT B IIMPOKOM JIHANa30HE BXOIHBIX
JaBIICHUI M PacXo0B, a CI0KHOE B3aUMOJAEHCTBHE B MOMEHT CpabaThIBaHMS
C JpPYrMMH arperataMd aBTOMAaTHKH W TpPyOONpPOBOJAMH TPHBOIUT K
YXYOUICHUI0 TUHAMUYECKUX XapaKTepUCTUK M HaleKHOCTU cpalaThIBaHUA
OIIK. Tak, yMmeHbIIEHHE AMaMeTpa W yBeIWYeHHE JJIUHBI MarucTpalyd Ha
BXoze (WJIM TOBBIIIEHUE TUAPABIMYECKOTO COMPOTHBIEHUS) NPHUBOANT K
YBEIMYECHUIO BPEMEHU OTKPBITHS, YXYALIEHHIO CTAOMIBHOCTH CpadaThIBaHMs
OI1IK u pocty yTeuek pabodero Tena B IpeHax.

IIpennokeHO TEXHUYECKOE PELICHHE, KOTOPOE MOBBIAET HAAEKHOCTD
cpabaThIBaHUS SIIEKTPOKJIANaHA, CHIDKAET BPEMS €ro OTKPBITHSA M IOTEpH
pabodero Tema 3a CYeT TOTO, YTO HA OCHOBHOM M JPEHAXHOM KIIaraHe
BBINOJIHEHB  30JIOTHUKOBBIE 3JIEMEHTBHI, OOECICUMBAIONINE MEPEKPBITHE
MPOXOAHBIX CEYEHHH MeXAy KIalaHaMd M HMX CeNIAMH B MOMEHT
cpabaTbIBaHHUS.

Jis monTBepkaeHust 3PPEKTUBHOCTH MPUHITOTO TEXHUYECKOTO PEIICHUS
NPOBENEHBl AKCIEpUMEHTaNbHBIe U pacueTHble wHccienoBanus OIIK ¢
YCUJICHHEM.

B noxnane npuBoAsSTCA pe3yiabTaThl SKCIEPUMEHTAIBHBIX U PACUETHBIX
HCCJICZIOBAaHUM JUHAMUYECKUX XapaKTEepUCTHK 3JIEKTPOITHEBMOKJIANaHa C
YCUJICHHEM B CHCTEME C YBEIWYEHHBIM THUAPABIMYECKUM CONPOTUBIECHUEM
Ha BXOJE.
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BiinsiHue HATATOB M 3230POB AeTaliell POTOPOB Ha UX THHAMHYECKHe
XapaKTePUCTUKH
Bynaros K.IO., Jleontse M.K.,
MAMW, r. MockBa

PoropHble cHCTEMBI NpEACTAaBISIIOT COOOHM  COOpPOYHBIE — EIMHUIIBL,
BKJTIIOYAIOIIUE JIOCTAaTOYHO MHOTO DJIEMEHTOB, KOTOpbHIE, KakK IIPaBUIIO,
yCTaHaBJIMBAIOTCS HAa BaJl pOTOpa ¢ HaTsAramu. L{esb - HCKITFOYNTh NOsIBICHHE
JIOKAIBHBIX MOJATINBOCTEH MEXIy IETalsIMH POTOPHOH CHUCTEMBI H
MOTYYNTh JKECTKYI0 KOHCTPYKIHIO poropa. [loBblmeHHe OBICTPOXOTHOCTH
POTOPHBIX CHCTEM BEIET K TOMY, YTO OIAacHbIE KPHUTHYECKHWE YAaCTOTHI
BpAIICHUS CHIDKAIOTCS K BEPXHUM I'paHMIAM YaCTOTHOTO AMama3oHa. 3amac
Mo TmepBoil M3rnOHON (opme KojdeOaHW CTAHOBUTCS HE3HAUUTEIBHBIM, H
mr060e ociablieHne HATATOB W BEAET K OIAacHBIM BHOpamusM poTopa Ha ero
pabounx pexumax.

B nokmage paccMaTpuBarOTCS MPOOJEMBI  JIOBOAKH  KOHCTPYKLIUH
HEHTPOOEIKHOTO KOMIIPECCOpa C MPUBOIOM OT JIEKTPOMOTOpPa Ha aKTUBHBIX
MarHUTHBIX ~ moxmmnHukax  (AMII),  paspaboranmoro B  OOO
“TYPBOITHEBMATHK”, yepes €ro JUHAMUYECKUI aHaJIN3.
MogenupoBanne W aHAIM3 JWHAMHYECKOH CHCTEMBI  KOMIIpEccopa
NpOM3BOAMINCHE B mporpaMMmHOM  kommiaekce DYNAMICS R4
(www.alfatran.com). MarauTHBIE OITOPBI MOACTUPOBATUCH KOAPPUITHESHTAMA
KECTKOCTH U JAeMI(HUPOBaHMSA, TNpemocTtaBieHHble Kommanueil SKF
(IIBenms)— pa3paboTINKOM AIIEKTpOMOTOpa KoMipeccopa Ha AMIT.

IIpencraBnena Momendp poTOpa, JAWArpaMMbl COOCTBEHHBIX 4YacTOT,
YaCTOTHBIE CIEKTPhl M (OPMBI KOJIeOAHMH JUIs pa3NUYHBIX BapUaHTOB
MOJIETIH KOMIIpeccopa, pe3yJibTaThl pacdyera BBIHYXKICHHBIX KOJeOaHWil OT
J1cOaTaHCOB KOMIIpEccopa.

PesynbraThl aHannm3za TO3BOJMIM HCCIENOBAaTh BIMSHUE HATATOB Ha
JUHAMHYECKUE XapaKTEPUCTUKU KOMIIPECCOpa, HAWTH MPUYMHY OIACHBIX
BUOpanuii ¥ NpUHATH peleHne 00 N3MEHEHNH KOHCTPYKIMH IIEHTPOOEKHOTO
KoJieca KOMITPEccopa, TapaHTHPYIOIIETO BBICOKYIO KECTKOCTh POTOpa.

Jluteparypa:

1. JleontseB M.K., JlaBeinoB A.B., [lertape C.A. /luHaMHuKa pOTOPHBIX
CHCTEM C MarHUTHBIMH omopamyu/ BecTHHK MOCKOBCKOTO aBHAIIHOHHOTO
WHCTUTYTA (HAIIMOHAIBHBIN NCCIE0BATEIbCKUI YHUBEPCHUTET), B IEUaTH.

2. JleonteeB M.K., MBanoB A.B. MopganpHbIii aHaIM3 OHHAMHYECKHX
CHUCTEM pOTOPOB. «M3BeCTHs BBICIIMX YUYCOHBIX 3aBEIACHUI. ABHAIIMOHHAS
texauka». 2005, Ne3. C.31-35
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YucJieHHOE NCCIeI0BAHHE THHAMIYECKHAX XapaKTePUCTHK Padoyero
KoJIeca KOMIIpeccopa ra3oTypOMHHOTO IBUTAaTe sl IPH BO3SHUKHOBEHHH
aBTOKOJIe0aHUIt
I'oBopos A.A., Maptupocos M.1.

MAMW, r. MockBa

OpHUM W3 D3TaloB MOJAEPHU3AIMM W CO3JaHUSl MEPCIEKTHBHBIX |
Ha/Ie)KHBIX Ta30TYpOMHHBIX YCTaHOBOK C MaKCHMAaJBbHBIM KO3((HUIHNEHTOM
MONIE3HOTO  JEHCTBUS  SABJSIETCSA  yNyYIIEHWE €ro Ta30JHHAMHYECKUX
mapaMeTpoB, YTO HEBO3MOXXHO 03 CO3IaHWs HOBBIX pabodmx KoJec
KoMmpeccopa. HOBBIE TEXHONOTHMH W  BBIYHCIHUTENBHBIE MOITHOCTH
TTO3BOJISIOT MIPOEKTHPOBATH JIOTIATKH KoMIpeccopa CIIOKHOM
MIPOCTPAHCTBEHHON KOH(pUTypanuu. Tspkenble ycIoBHS paOOTHI JBHUTATENS
JIENaloT aKTyalbHON MpobiieMy oOecredeHus] TMHAMUYECKOH MTPOYHOCTH €T0
y3JI0B M arperatoB. BaxHbIM sBIgeTCS co3AaHHE pPabOYMX JIOTATOK
KOMITPECcopa, KOTOpbIE IOJKHBI OBITh YCTOWYHMBBI K aBTOKOJIEOATEIbHBIM
mpolieccam.

B kauecTBe YacTHOro ciy4as paccMaTpHBAaeTCsl SIBJIEHHE JI03BYKOBOTO
cpeiBHOTO (hiarTepa. PabGora mpoBoauTCst B HECKOJIBKO 3TarnoB. Ha mepeom
9Tare Uil Ka4eCTBEHHOH OIIEHKH 4acToT KojiebaHui oT casura ¢as cTpoutces
MaTeMaTH4ecKass MOJICITb Ha OCHOBE CBSI3aHHOW CHUCTEMBI «JIUCK-JIOTIATKN B
BHJE IUIOCKOTO IMIIMHAPHUYECKOTO pa3pes3a JIOMaTovyHOro BeHma. [Ipodwmmm
JIOTIATOK ~CUMTAIOTCA JKECTKUMH, a YIpPyTrHe CBOWCTBA MOJIEIHUPYIOTCS
JJIeMEHTaM{ B BHIE TPYXHH COOTBETCTBYIOMIEH XecTKOCTH. [lomyueHHas
MaTeMaTH4ecKas MOJEeNb TIPEeNCTaBIsieT CO0OH CHCTeMy KOHEYHO-
Pa3HOCTHBIX ypaBHEHHH BTOPOTO MOPS/IKA.

Ha CIIeyIolIeM JTamne paccMaTpuBaeTcs HECTaI[HOHAPHOE
B3anMoJieiicTBUe pabouero Kojieca ¢ MOTOKOM rasa M OIICHHMBAeTCs BKJal
paboTHI KaXXION cocTaBisttoniel koneOanus. [Toka3aH CymeCTBEHHBIN BKIIA]
W3rHOHO-KPYTHJIBHOW CBsi3aHHOCTH (opM. JIaHHBI pe3yiabTaT MOXKET
pacleHUBaThCSl KaK OMH U3 KPUTEPHEB BOSHUKHOBEHHUS aBTOKOJICOAHHH.

Jlns omeHKH BO3MOKHOCTH BO3HHKHOBEHHS aBTOKOJICOAHWN KOHKpPETHOM
pabodeli  NOmMATKM  KOMIIpECccopa Ha  JTale  IpeABAPUTEIHHOTO
MIPOEKTUPOBAHNS HEOOXOIUMBIM YCIOBHEM SBISICTCS PacyeT ee COOCTBEHHBIX
gacToT u ¢opM. BBuAy CcIOXHON TpexMepHOH KOH(PHUTYpamud MOICITH
pacdeT TPOBOAUTCS METOJOM KOHEYHBIX D3JIEMEHTOB, DPEaTH30BAaHHOM B
mporpammHOM  mpoaykte  ANSYS  Mechanical APDL. HawubGonee
NOKa3aTeJdbHbIM 3TaloM pabOThl  SIBISETCS TOCTPOCHUE JHarpaMMBbI
KoMbemna, Ha KOTOPOW BH3YyaJlbHO MOYKHO 3aMETHUTh COJIDKEHHE BTOPOI
U3rHOHOW W TpeTbeil M3rUOHO-KPYTHIILHON COOCTBEHHBIX (HOPM KOJIEOAHMH,
YTO MOXET paccMaTpHUBaThCs KaK KPHUTEPHH BO3MOXKHOTO BO3HUKHOBEHHMS
ABTOKOJICOQHHMI.
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JKcnepruMeHTAJbHOE HCCJIeI0BAHNE TeII0 THAPABINYECKUX
XapaKTePUCTUK MJIACTHHYATO-PEOPUCTHIX BHICOKO KOMIIAKTHBIX
MOBEPXHOCTEl TenJ1000MeHa Ha cMecsIX I'a30B C AaHOMAJIbHO HU3KUMU
yucjaamu [panaTas 1ist npUMeHeHUs B peKynepaTopax U KOHIeBbIX
XO0J10IMVIHUKAX 3AMKHYThIX Fa30TYPOMHHBIX YCTAHOBOK
Eropos K.C.

MI'TY um. H.O. baymana, r. Mocksa

OxHUM W3 BapHaHTOB OOECHEYEHHS JHEPreTHYECKHX I0TpeOHOCTEH
pa3NMYHBIX KOCMHYECKHX amllapaToB SBIICTCS TNPUMEHEHHE 3aMKHYTOH
razoTypounHo# ycranoBku (3I'TY). 3I'TY MoryT Ttakke HaiiTH MprMeHEHHE
B Ha3€MHBIX YCJIOBHSIX B KQUECTBE aBTOHOMHOTO MCTOYHHKA HJICKTPOIHEPTHU
manoil mowHocTU. [IpumenHenue I'TY OTKpBITOrO LUKIAa B 3TOM Cllydae
HaTaJIKUBACTCA HA OMNpENEICHHBIC TPYAHOCTH, CBS3aHHBIE C HHU3KUMHU
3HaYeHUsIMHU Ko3dduimentor monesnoro neiictus (KIIJ]) xommpeccopa u
TypOHHBI. ITO CBA3aHO C MAJBIMHU pa3MepaMH Kojiec TypOOMAIIIHH.

OrpannueHre Ha TeMmmeparypy rasa nepex Ttypounoir 3I['TY wu3-3a
OTCYTCTBUSI CHCTEMBI OXJIQXJICHUS! AUKTYeT HEe0OXOIMMOCTh HUCKATh JpyTrHe
CHOCOOBI yBenu4eHHs KOd(pQHIMEHTa TOJNE3HOTO JEeWCTBHS 3aMKHYTOU
ra3oTypOMHHOH YyCTaHOBKM. B  4YacTHOCTH, BO3MOXXHO IpHMEHEHHE

pexymneparopa.
JUis  cHWKeHHWs ~ Macco-TabapuTHBIX — IIOKasaTeliell  pereneparopa
TIpeAsIaraeTcst UCTIONIb30BaHNE BBICOKOKOMIIATHBIX MIOBEPXHOCTEH

teruoooMeHa.  OHHM  TIPENCTaBISAIOT COOOW  IIACTHHYATO-PEOpPHUCTHIC
MTOBEPXHOCTH TEII000MEHA ¢ MaXMaTHBIM PacIooKeHHEeM pedpa.

enpt0  JaHHOTO  AKCIEPHUMEHTAIBHOTO  HCCIECIOBAHUS  SIBIISETCS
olpelielieHHe  TEIUIOTHAPABINYECKUX  XapaKTePUCTHK  ITOBEPXHOCTEH
TEeII000MeHa C pa3IMYHBIMU Ta3aMH C Pa3HbIM 3HaueHHeM uucia [IpaHaTis.
Juanazonsl uucen PeliHonbna, BBYMHCIEHHBIE MO0 THIPABINYECKOMY
JraMeTpy KaHaja BapbUpoBanuch B npeaenax 200 ### 1000.

PaGora BbIMONHEHAa paMKax TeMmaTH4YecKoro Iutana PocoOpa3oBaHus u
Hayxku Ne I'D2307cnm, I'D2308cm. ABTOpBI BBIpa)KalOT NPU3HATEIBHOCTH
akagemuky PAH JleontheBy A.W. 3a ygactme B OOCYXKICHHH pPE3yJIHTaTOB
paboTEL.

Y cToiH4YHMBOCTD KeCTKOr0 POTOPa B YIPYro-AeMII)epHbIX NOAIIHITHUKAX
CKOJIb)KeHHS PAa3JIMYHBIX TUIIOB
Epmurnos 10.1.
MAMW, r. MockBa

VYupyro-gemndepupie  nommunHUKK  ckonmkkenus  (YAII)  mmpoko
MIPUMEHSIOTCS B KAUECTBE OIOP BHICOKOOOOPOTHBIX TypOOMAIIINH.
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YIAII ¢ XUAKOCTHOW CMa3KOH HCHOJB3YIOTCA B TYpOOKOMIIPECCOPHBIX
arperaTax HaJjyBa JBHraTeieil BHyTpeHHero cropanus. OauH u3 Hanbonee
pacnpoctpaneHHbix BujmoB YJII ¢ ra3oBoil cMma3kol, JIeMEeCTKOBBIE
ra3oJiMHAMUYECKHE TOMIINITHUKY, HCHOIB3YIOTCS B TYpOOXOJIOIHIBHUKAX
CHCTEM KOHIUIMOHHUPOBAHHUS CaMOJIETOB, B MaJbIX OHEPreTHYECKHX
YCTAaHOBKax H SIBISIOTCSI MEPCIEKTUBHBIMU JUIS  HCIIOJB30BAaHMS BO
BCIIOMOTATENbHBIX  CHJIOBBIX  YCTaHOBKAX, MalblX  IEHTPOOEKHBIX
KOMIIPDECCOPaX, MaJBIX TypOOpEakTHBHBIX  [BUTATelsAX H  JIPYTUX
BBICOKOOOOPOTHBIX TypOOMaIInHAX.

VYrpyro-gemndepHble  MOAUIMIHUKA  CKOJBKEHUS  IO3BOJIAIOT  IIPH
MPaBWIIBHOM TOA0OpE MapaMeTpoB YCTPAaHUTh CaMOBO30y’KAaroIuecs
KoJyieOaHus (aBTOKOJIEOaHHs) POTOpa, MPUCYIINE OOBIYHBIM ITOAIINITHAKAM, 1
JOOUTBCA YCTOMYHMBOCTH BpAIlleHUs] pPOTOpa MPAKTHYECKH TPH OYCHb
BBICOKHUX HYaCTOTaX BpalllCHUS.

CnoXXHOCTh TUHAMHUYECKOM cucTeMbl potopa B Y/III cozmaet psix mpobdiem
IPpU pacueTax YCTOWYMBOCTH pOTOpa K BHEIIHUM BO30YKIAFOIIMM
aBTOKOJIE0aHUs pOTOpa CHJIaM, B YACTHOCTH, TMJPOMEXaHWYECKUM CHJIaM B
MIPOTOYHBIX YACTSIX M YIUIOTHEHHMSX TypOOMAaIMHBI, a TaKke B Clydae
HECHMMETPUYHOTO WM OOJIQJAIOIIEr0 HEeHYJICBHIMH MOMEHTAMU HMHEPINH
poropa. B wm3BecTHOW mnHUTEpaType INpPEACTaBICHBI IMPAKTHUYECKH TOJBKO
PE3yJIbTaThl TEOPETHUECKUX HCCIEIOBAHIA CHMMETPHUYHOTO M 00JIaJafoIIeTo
HEHYJIEBBIMA MOMEHTaM{ HHEPIIH POTOPa K CHIIaM CMa304HOTO CJIOSL.

Pa3paboTanbpl TeopeTHYECKME MOJENM W TpOrpaMMHOE oOOecIieueHue,
NO3BOJISIIOIIEE  PAacCCUMTHIBATH ~ MPAaKTHYECKH  BCE  JIMHAMHYECKHE
XapaKTEPUCTUKU POTOPHBIX CHCTEM C OOBIYHBIMU U YIPYro-IeMIipepHbIMU
TIOJIIUITHUKAMU CKOJIBXKEHUsI Ha TPaHHIE YCTOMYMBOCTHU NPH AEHCTBUU CHII
CMa304YHOTO CJIOSl M BHEUIHUX BO3MYIIAIOUIMX T'MIPOMEXaHHYECKUX CHJI MPH
CHMMETPHYHOM U HECUMMETPHYHOM pOTOpE, B YaCTHOCTH, 4YacTOTHI
BO3HMKAIOMNX KOJEOAHUH, OTHOCUTENFHON aMIUINTYABI B (ha3bl KomeOaHwuH
nard. IIpoBeneHsl pacdeTsl OUHAMHYECKHX XapaKTEPHCTHK POTOPHOM
CHCTEMBI B IIMPOKOM JMalia30He TapaMeTpOB.

YnpasiieHue pe;kUMaMHU TOpeHHs B KOMOMHHPOBAHHOM KaHaJje MpU
CBEPX3BYKOBOIi CKOPOCTH BO3/IYLIHOI0 MOTOKA
3abaiikun B.A., Tperbsixos [1.K.
UTIIN CO PAH, r. HoBocubupck

PaGora HampaBieHa Ha WH3y4eHHE CIIOCOOOB YIPaBICHUS PEKUMAMHU
TOPEHUSI B CBEPX3BYKOBOM BBICOKOTEMIIEPATYPHOM BO3IYIIHOM IIOTOKE, C
LEeNpI0  TOBBILEHUS  3((PEKTUBHOCTH  TEIUIOBBIICIEHHS B  TpaKTax
MIPSIMOTOYHBIX BUTATENEH.

[MpenMymiecTBOM OpraHM3ali TOPEHHS B Ta30MHAMHYECKOH cucreme
THUIA TICEBJOCKAYKa, 110 CPAaBHEHUIO ¢ AUGQPY3NOHHBIM PEXUMOM TOPEHUS,
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ABJISICTCA BBICOKAs MOJHOTA CTOPAHUS HPU JOIMYCTHUMBIX MOTEPAX IIOJHOTO
nasnenusi. [Ipu aTom HaOnogaeTcss MHTEHCU(DUKAIMS TOPSHUS], IPUBOSIIAS
K YMEHBILICHUIO JUIMHBI TJIAMEHH, YTO CBSI3aHO C BBHICOKOH 3((EKTUBHOCTHIO
CMEILEHMs, BBI3BAHHON HalIM4YHEeM ra3oJWHAMHYECKHX CTPyKTyp. B To xe
BpeMsl YIIPaBICHHUE NICEBAOCKAUYKOM, IPUIEM KaK B U30TEPMHUUECKOM MOTOKE,
TaK ¥ OCOOEHHO TIPU OPTAaHMU3AIMH TOPEHHS, SBISAETCS CIOKHBIM M CBS3aHO C
BBEIICHUEM YCTPOHCTB, 3arPOMO>KAAIOIINX TTOTOK.

B pabote mokazaHo, 9TO KpPaTKOBPEMEHHOE IHEPreTHYecKOe BO3/eiCTBIE
Ha BO3IYIIHBI IIOTOK IIO3BOJSIET ©O€3 HCIOIBb30BAaHMS IOMOJIHUTENBHBIX
CTaOMJIM3aTOPOB YINPABIATh ICEBJOCKAYKOM B KaHalaX, B TOM YHCIIE
MHTEHCHGUIUpPYsT M U3MEHSAs pexumbl ropeHus. Ilpm mnepuoandeckom
BO3ACUCTBUM IICEBAOCKAYOK MOXET IepeMeIlaThCs M0 KaHaly M 3aHUMAaTh
HOBOE KBa3UCTAI[MOHAPHOE IIOJIOXKEHHE, B 3aBHCUMOCTH OT YacTOThl U
SHEPTUU UMIYIHCOB. ONTUYECKUM METOJIOM (KCIIOJIb3Ysl BHICOKOCKOPOCTHYIO
LIUIMPEH-PETUCTPAINI0) U IO AaHHBIM PaCHpeeNeHHus JaBlI€HUs IPOBEACHEI
HCCJIEZIOBAaHMs Ta30JJMHAMUYECKON CTPYKTYpbl U CKOPOCTH IepeMelCHUS
nceBiockadka. [lokazaHo, 4TO BO3MOYKHO IPUMEHEHUE PA3INYHBIX CIIOCOOOB
SHEProBBOJA, MO3BOJIIIOIIMX CO37aBaTh W YHPABIATH ICEBJOCKAUYKOM
HMITYJILCHO-TIEPHOANIECKUM BO3JICHCTBHEM.

Pabora BemosHeHa npu nognepxke POOU, rpant Ne 09-08-00998.

Cals-TexHo/10ruy B IPOEKTHPOBAHUH H ONLITHOM NPOU3BOJACTBE
3J71eMEeHTOB TypOOKOMIIPecCOPOB
Nonos A.B., Tepentren B.B.
MAMWU, r. MockBa

Lenpto paboTel sBIAETCS pPa3BUTHE HAyYHO-METOIMYECKOW 0Oa3bl
npuMeHeHnss CALS-TexHOIOrui A ynpaBieHUs] WHXXEHEPHBIMU aHHBIMU
Ha TIpUMepe TMOATOTOBKM IIPOM3BOJACTBA W  JIOBOAKH KOHCTPYKIMH
LEHTPOOSXKHBIX KoJlec Uil TypOomeTaHaepa KpHOHAcoca CHCTEMBI C
BBICOKOTEMIIEPATypPHBIMH CBEPXIIPOBOTHUKAMH.

B pabore paccMOTpeH IpoLecC H3TrOTOBICHUS IIEHTPOOEKHBIX KOJIEC
(KpBITBYATOK),  OCHOBAHHBI HA  TEXHOJOTHMYECKHX  BO3MOXKHOCTSIX
«PecypcHoro nearpa MAU B obnactu aBmactpoerus» (PLl MAU). PaboTs
BEJIMCb 0  CKBO3HOW  WTEpaliOHHOW  0e30yMaKHOH  Liermouke
«TIPOEKTUPOBaHME — MPOHU3BOJCTBO — KOHTPOJh - H3MEHEHus». B xoxe
U3TOTOBIICHUS KOJIEC JUIs ONBITHOTO 9K3EMILIsIpa KPHOHAcoca ObLIO MOIY4EeHO
00JIBIIIOE KOJIMYECTBO JaHHBIX, KOTOPHIE B KOMITBIOTEPHOM BHJIE OITUCHIBAIOT
KOHCTPYKIIMIO,  TEXHOJOTWYECKHH  Mpomecc,  W3MepeHus,  padoTy
000pyIOBaHUS | JI.p.

C toukm 3peHuss npuMmeHeHus ~CALS-texHomormii  BO3HHKaeT
HEOJHO3HAYHOCTh oOmucaHusid o0bekTa. OOBEKTOM MOTYT SBISATHCS Kak
KOHCTpYKTOpckue pemenns koneca, CAD Monens TOTOBOH IeTanu, Tak H
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texnosoruueckue mporecchl (TII) u nmaHHBIE, HEOOXOMUMBIC [UIS €ro
TPOM3BOJCTBA U KOHTPoOJs. B xome pabor cosmaBamuce CAD momenu u
nmokyMeHTBl TII A 3aroToBOK C y4YeTOM OCOOCHHOCTEH TEXHOJOTHIA
cTepeonuTorpaduu, BaKyYyMHOTO JIMThS BOCKA B CIJIUKOHOBBIC (DOPMEI,
yCaIOK JIUThSl ATIOMUHUS TIO BBIILIABISEMBIM Pa3HOTONIIUHHBIM MOEIISIM.
HakammBanuch JaHHBIE KOHTPOJSI TEOMETPUYCCKHX MMApaMeTpOB H
neeKTanuu  JeTalell, IONydeHHBIE C HWCIONB30BAaHUEM  JIA3E€PHOTO
CKaHHPOBAHUS W KOMITBIOTEpHOW TOoMOrpadun. OcoOeHHOCTIMH PadOTHI
SIBISUIACh YacThle W3MEHEHHS B JOKYMEHTAIWH, OTpaKalollue II0a00p
PEXUMOB pabOTHI TEXHOIOTHUECKOTO 0bopynoBanus U moaudukamun B CAD
MOJIETISIX.

bein  mpoBemeH aHanmu3 W cucTeMaTH3anus  JgaHHBIX.  OmmcaHo
B3aMMOJEHCTBUE JaHHbIX Kak BHYTpu TII, Tak M C JaHHBIMH JApPYTuUX
MOJIPTANoB xu3HeHHoro 1ukia JKI: razoquHamMudeckuii pacuet, pazpaboTka
KOHCTPYKIIMH, HcTibITanus. [lomydeHsl cienyronye pe3yiabTaThl: MPOBeIeHA
KIaccu(UKaus JNaHHBIX, KOTOPHIC HCIONB3YIOTCS B TEXHOJIOTHYCCKOM
MPOIIECCe U OMHUCHIBAIOT €r0; ChOpMYIMPOBAHBI TPEOOBAHHS K YIIPABICHUIO
WHXCHEPHBIMH JTAaHHBIMF, TIPEIJIOKECHA MOIENb [aHHBIX, peai3yromas
CKBO3HYIO TEXHOJIOTHIO ONBITHOTO Ipou3BoAcTBa aist PLI MAU.

CremyromuM 3TalmoM  Pa3BUTHSA  MeTojpoiormieckoi  6a3esr  CALS-
TEXHOJIOTHH JOJDKHA CTaTh NpaKTHYeCKas peanu3alus IpeaIoKeHHO
Monenu-ganHeix B PDM-cucteme TeamCenter Engineering.

IlepcnekTHBBI pa3BUTHS IHEPreTHYECKOro odecneyeHUusi 00beKTOB
aBHALIMH
Jle6enes B.B., Xomenko I.B.
BANY, r. Boponex

Lenpro paboOTHl  ABISIOCH CO3JAaHHWE AaTbTEPHATHBHOIO HMCTOYHHKA
SHEPreTHIecKoro odecneueHrst 00BEKTOB aBHAILINH.

B BoenHo-Bo3aymHbIX cuiax Poccuiickoit @enepanun HeMano 00BEKTOB,
pacrioaraonixcsl Ha 3HAYUTEIEHOM yIAIEHHUH OT IIPOMBIIUIEHHBIX [IEHTPOB
C pa3BUTOH SHEPreTUYECKOH CTPYKTypoiH. OTo, Hampumep, a’dpOApPOMEI,
ABTOMATH3MPOBAHHBIE IYHKTHI M IHEHTPH OOpabOTKH pPamroIOKAMOHHON
UH(POPMALIMY, TYHKTHl HABEACHWSA, KOMAHIHBIC ITYHKTBI, Y3JIbl CBSI3H,
PETPaHCIATOPHI U T.1. JI7s1 yIOBJIETBOPEHUS SHEPTETUUECKUX MOTpeOHOCTEH
3THX OOBEKTOB MPUXOIMTCS HCIIOIH30BATh IMPOMBINUICHHYIO 3JICKTPOCETh C
OTPaHUYEHHON MOIIHOCTBHIO WJIM aBTOHOMHBIE MCTOYHUKHU DJIEKTPOIHEPTHUHU.
IIpu 3TOM OOBEKTHI, UMCIONIME CTAIMOHAPHBIC JMHHUU JJIEKTpOIepenad C
LIEJIbI0  TOBBIMIEHUS MX JKUBYYECTHM M HAJEKHOCTH JOJDKHBI HMETh
ABTOHOMHBIC dJeKTpoarperaThl. JIns TepeABIKHBIX OOBEKTOB TaKHe
arperaTsl SIBIITIOTCS MPAaKTHIECKH €IMHCTBEHHBIM HCTOYHUKOM
AJIEKTPOIHEPTUH.
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B kadectBe aBTOHOMHBIX HCTOYHHUKOB HCIIOJIB3YIOTCA JU3CJIbHBIC U
OEH302JIEKTPUYECKHE arperaTbl, pacxoj]] TOIUIMBA y KOTOPBIX TaKOB, YTO
BO3HHMKAET HEOOXOJMMOCTh €KECyTOYHOH [o3arpaBku. JlomoiaHuTEIbHBIE
€MKOCTH Il XpaHeHWs KOJMYECTBA TOIUIMBA, JIOCTATOYHOTO ISl
ABTOHOMHOW pa0OTBl B TEYEHHE [UIUTEIHHOIO BPEMEHHM, Ha MHOTHX
MIepeIBIKHBIX  00BEKTax He mpeaycMoTpeHsl. CrenoBaTenbHO, YTOOBI
00€eCIeunTh HENPEPhIBHYIO paboTy 0OBEKTOB, HEOOXOIMMO OPraHU30BHIBATH
JOTIOJTHATEIbHBIC TIEPEBO3KH.

[Tpu 5TOM BO3HHKAIOT ONpeeIeHHbIE TPOOIEMBI:

®  CHIDKACTCS CKPHITHOCTh OOBEKTA;

e O00BEKTHl YacTO pa3MEIIeHbl HA 3HAYUTENILHOM YyIAJCHHH IPYr OT
Jpyra, MO3TOMY IEPEBO3KM Ha OONBLIME PACCTOSHUS YCIIOXKHEHBI, K
TOMY €, OTO IIPUBOAMT K YBEIMYCHUIO pacxoja pecypca
TPaHCIIOPTHBIX CPEACTB;

e O00BEKTHl MMEIOT JIIEKTPOArperarsl, CIocoOHbBIE PaboTaTh TOJBKO Ha
JIM3ETIbHOM TOIUIMBE WM OCH3MHE, CTOMMOCTH KOTOPBIX C Ka)bIM
TOJIOM PAacTeT, YTO MPUBOJUT K YBEIMYCHHIO (DPMHAHCOBBIX 3aTpar Ha
HX 3KCIUTyaTaluio.

B cBs3M ¢ 3THM Ui YMCHBIICHHS 3aBHCUMOCTH CTAllMOHAPHBIX U
OTpaHUYEHHON MOOMIFHOCTH OOBEKTOB OT CHaOKeHUsI TpeOyeTcsl IPUMEHATh
9HeprocOeperare TeXHOIOTHH. B IepByro odepens 3TO JOCTHUTACTCH
HCIIOJIb30BaHUEM, Hapsmy CO LITATHBIMH, AJBTEPHATHUBHBIX HCTOYHHKOB
JJIEKTPOIHEPTUH, B YAaCTHOCTH YCTPOMCTBA IHEPreTHYECKOro obecreueHHs
HCIIONB3YIOIIET0 SHEPTUIO BETPOBOTO MIOTOKA.

IpemoxkeHHOE YCTPOMCTBO YHEPreTHYECKOr0 OOECIEedYeHHs IMO3BOJIIET
MOBBICUTh ~ Harpy30uHyl0  CIOCOOHOCTh ¥ €IUHHYHYI0O  MOIIHOCTB
KOHCTpyKIMH. Takum o6pa3om, yBenndauBaercst 3h(HeKTHBHOCT IPUMEHEHHUS
QIBTEPHATHBHOTO HCTOYHHMKA HJHEPreTHYECKOro OOeCIeueHHs, CHUKAeTCs
yIenbHas ce0eCTOMMOCTD YCTPOICTBAa U BBIPA0ATHIBAEMOM DIIEKTPOIHEPIHH,
YTO CIOCOOCTBYET YIIYULICHHIO 3KOJIOTHUECKOH 0OCTaHOBKH.

HccnenoBanue 1 aHATN3 KOHCTPYKTHBHOTO 00JIMKA, YPOBHS HaAEK-
HOCTH M 3KCILUIYATAMOHHOM TeXHOJ0rM4HOcTH aBuaunoHubix I'T/1 5-ro
NMOoKoJeHus JIA BOEHHOI0 M I'PakIaHCKOr0 Ha3HAYCHHA
Hecrepenxo B.I'., Papukosuu FO.A., Apnaros K.B., Hectepenko B.B.,
Urymuosa A.C.

MAMU, r. Mockaa,

Skosnes H.A.

HITIO «Catypn», r. MockBa

Texuudeckne TpeOOBaHUSA K KOHCTPYKTHBHBEIM mapamerpam ['TJ] 5-ro
TIOKO-JICHUSI CYIIECTBEHHO ITOBBICHIINCH. DTO NPHUBOAUT K HEOOXOANMOCTH
COBEp-IICHCTBOBAHMS UX KOHCTPYKTHBHBIX CXEM, a TAaKXKe Pa3pabOTKe HOBBIX
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KOH-CTPYKIIMM y3JIOB XOJOJHONH M TOpsded dYacTH JBUTATENsA. OTOMY
CIOCOOCTBYET 3HAUUTENIBHBIA NPOrPEcC B IMOSBICHUH HOBBIX MaTEpUAlIOB C
YIIy4dIIEHHBIMH CBOWCTBAaMHM IPOYHOCTM M YMEHBIIEHHOM IIOTHOCTH,
KOTOpBIE MO3BOJISIIOT HEOXJAKAAEMBIM [ETalsIM Topsdyedl 4acTH IBUTATENs
paboTath  mpH  TeM-liepaTypax [0 1200°C. PaccmatrpuBaercs
KOHCTPYKTHBHBINA 00HK mepcrek-TuBHBIX TP/l rpaxaaHCKOro Ha3HAYCHMUS,
TPAA} Boennoit aBmanmu, TBJ m TBaJ] mis camonéroB W BepTONETOB,
BO3MO)KHOCTH BBIAETIECHHS M3 0a30BOTO ra3oreHepaTropa OTASIBHBIX MOIyJIer
ero ropsued yactu. i rpaxknaHckux TpaHcnopTHeix TPJJ[ BakHOI
KOHCTPYKTOPCKOM  3aJauedl  sBIAETCS  IOBBIIIEHHE €ro  CTENCHH
JIBYXKOHTYpPHOCTH 10 BenmmanH m = 12...14, a 8 TBB/] no 3nHauenwmii 20...25.
IIpn >TOM, MO YCIOBUSIM TIPOYHOCTH, HEOOXOAWMO CHIDKCHHE YacTOTHI
BpallleHHsT pOTOpa BEHTWIATOPA, W3-32 Yero JOJDKeH OBITh YCTaHOBJICH
IPOMEXYTOUHBI PpEAYKTOpP ¢ IUIAHETapHBIMM WJIH I[WIHHIPUYECKUMU
konécamu. PaccMaTprBaloTCs KOHCTPYKIMH Psifia 3apYOEKHBIX PEIyKTOPHBIX
TP/, a Takxke OT€UECTBEHHbIE MPOEKTHI TAKUX JBHUraTesie ¢ Tsaroi ot 20 g0
140 KH. Ilokazano, uro ux ynenpHas Macca MeHsme, yeM y TP/
aHajorn4Hol Tsaru. Taxoke pa3paboTaHbl PEKOMEHJAAIMH I10 MPUMEHEHHIO
pa3NMYHBIX CIIOCOOOB COKpAIICHWs 4YHCIa CTYNEeHeH Kommpeccopa |
TypOMHBI, B YaCTHOCTH TIPH H3MEHEHHH HApYyXXHOTO JHaMeTpa
ra3oBO3MAYIIHOTO  TpaKTa WM  IIOBBIIICHUS  HAOPHOCTH  CTYIICHH
KOMIIPECCOPa, CTENEHH pACIIMPEHUS Tra3a B CTYNEHH TypOuHbl u ap. [ms
TBI u TBn/] ¢ momuocThio MeHee 3500 KBT pa3paboTana MeTonmka «mMacca
— CTOMMOCTH JKH3HEHHOTO IIMKJIA JABMIaTessh», IO3BOJIAIONIAsl MPOU3BECTH
OLIEHKY BbIOOpa MaKCHMaJbHOW TeMIepaTypbl Traza Iepei TypOMHOH ¢
y4€TOM  DKOHOMMYECKHX  KPHUTEPHEB. HccnenoBansl  pas3iIuyHbIC
KOHCTPYKTHBHBIe pemieHuss 1o mnosbimeHuo KIIJ[ nukma, Bkiodas
KOHCTPYKIIMM BCTPOEHHOT'O B BBIXJIONHYIO 4YacTh ABHUTraTelsl peKymneparopa.
Hns TPA/d 5-ro mokoneHus MpeacTaBieH aHaN3 Pa3InYHbIX KOHCTPYKIMN
TUTOCKOTO COIUIA, OLICHEHBI WX BECOBBIC XAPAKTEPUCTUKH W KOHCTPYKTHBHO
CXEMHBIE pelIeHus, oOecreunBaromie TPEeOOBaHMUS HE3AMETHOCTH W
CHIDKEHUSI yPOBHSI THAPABINIECKHX TTOTEPb.

Pa3paboTka u 3kcNepHMeHTAIbLHOE UCC/IeI0BAHNE KOHCTPYKTHBHBIX
cnoco00B noBbIeHNs 3P GPeKTHBHOCTH BHICOKOTEMIIEPATYPHBIX TYpPOUH
aBuannoHHbIX I'T/I, ¢ HeJbI0 CHIKEHHs] KOHIEBbIX MOTePh IHEPIruM ra3a

U UHTeHCH(pHUKanMH cHcTeMbl NJIEHOYHOTO 0XJIAKIeHUS
Hectepenxo B.B., Hectepenko B.I'.
MAMU, r. MockBa

ypOBeHB Hqu)I/IJ'H)HI)IX, KOHIICBBIX W BTOPHUYHBLIX IMOTCPHL SHEPrun rasa B
CTYyIIC-HAX Typ6I/IH OIPCALIIACTCA KOMIUICKCOM TEPpMOra3oaAnHaMUYCCKUX,
MOPOYHOCTHBIX W KOHCTPYKTHUBHBIX  MAapaMCTpOB, BLI6I/IpaeMLIX apu
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npoektupoBaHuu. s obecrieueHus: TEIUIOBOM 3amuThl U 3()(HEKTHBHOTO
IUNIEHOYHOTO OXJIXKJEHUSI Ha-PY)KHBIX TOBEPXHOCTEH JIONMATOK TYypOUH,
BKJIIOYAs TOPLIEBbIE TOBEPXHOCTH MEKIONATOUHBIX KaHAJIOB, HAXOAAIIMECS B
30HE BO3JEHCTBHS BTOPHUYHBIX TOKOB, TpeOyeTcsi, B TOM 4YHCIE, aHAIU3
NepeTeKaHui ra3a B MOTPAHUYHOM CJIO€ JIONATOK, KOTOPBIE «CHOCST» MOTOK
OXJIKIAIOIIETO BO3yXa, 00pa3yeMblii CHCTEMOH TUIEHOYHOTO OXJIaXKACHHS,
B TIOIIEPEYHOM OTHOCHTEIIFHO OCHOBHOTO ITIOTOKa HalpaBleHHH. B cBszm ¢
9THM, TIPaBOMOYHA MOCTAHOBKA 3aJadll IO OINpPEEICHUIO IeTIeCO00Pa3HBIX,
BO3MO)KHO OTJIMYHBIX OT ONTHMAIBHBIX, PEXKHUMHBIX M KOHCTPYKTHBHBIX
IapaMeTpoB JIOIATOYHOTO aIllapara OXJaXk-1aeMOi BBICOKOTEMIIEPATYPHOU
TypOMHBI, TaKMX KaKk BEJMYMHA a’POJMHA-MHUYECKOH HarpyXeHHOCTH
CTymeHH TypOWHBI, WX KOJMYECTBO, OTHOCUTEIBHBIA IIAr pemeéTku
npoduieli, pasMep XOpAbl M YHCJIO JIONATOK. JIPYrMX KOHCTPYK-THBHBIX
XapaKTEePUCTUK, B TOM 4uciie POPMY U CTENEHb PACKPBITHS IIPOTOYHON YaCTH
TypOuHBI, KOH(UTypanuio nepexogHoro kaHaiga Mexay THJ u TB/l na
OCHOBE KPHUTEPHUEB, OMNPEACIAIONINX Ta30JIUHAMHUYECKYI0 3(PPEKTHBHOCTH
TYpOMHBI B LIEJIOM, TPeOOBAHUH IO MOBHIIICHUIO YPOBHS IKCILTyaTal[MOHHON
SKOHOMHYHOCTH ¥ CHIDKCHHS (MHAHCOBBIX 3aTpaT Ha BCEX JTamax
KM3HEHHOTo IHKiIa aBuanuoHHoro BPJI. PaccmarpmBaroTcss KOHCTPYKIMH
TypOMH Tpagu-IMOHHOW W OMpPOTAaTUBHOH CXEMBI, JIOTOJHHTEIbHBIE
KOHCTPYKTHBHBIE  JJIEMEHTBl pa3nuuHOil ¢opMbl U  KOoH(purypaunmy,
CHIXKAIOIINE YPOBEHb BTOPUYHBIX MOTEPh M CHOCOOCTBYIOMINE TTOBBIIICHHUIO
(G (QEKTUBHOCTH CUCTEMBI IUIEHOYHOTO OXJIAXKIEHHS TOPIEBHIX IOJOK
nonatok. [IpencraBieHa ux kiaaccuuKaus, a TakkKe IEPeueHb CIOCOOOB
0TCOCa U HaJyBa MOTPAaHUYHOTO CJIOS B MEX-JIONAaTOYHOM KaHaje PeIéToK
npoduiaell Ha TOPLEBBIX CTEHKAaX W BBHITYKJIOW MOBEpXHOCTH npodmisi. B
3aKJIIOYEHNUE aHATM3UPYETCS BO3MOXHOCTh YMEHBIIIE-HUSI YPOBHS KOHIIEBBIX
MOTeph ¥ TOBBIIIEHUS JS(PQPEKTUBHOCTH IUIEHOYHOTO OX-JKACHHUS B
MEXXJIOTIATOYHBIX KaHaJlax JIONATOK COILUIOBOTO ammapaTa M pabodero koieca
B psJie COBPEMEHHBIX M NepcrneKTUBHBIX oTeuecTBeHHBIX BP/I: P/I33MK u
AJl-31¢, BK 2500 u TB7-117, 11 - 14 u mp.

HccnenoBanne XapaKTepUCTHK CTYNEHH MAJIOPACXOTHOTO
LHEHTPOGEKHOr0 KOMIIpeccopa Ha cMecsiX HHEPTHBIX ra3ax
Hosunxwii b.5., Apoexos A.H.

MI'TY um. H.D. baymana, r. MockBa

B HaCToOsAIEC BpEM Jid }.'[aJ'ILHeﬁIHeFO PasBUTHUA KOCMHYECKOH TEXHHMKHU
HCOGXOZ[I/IMI)I MOIIHBIC SHECPTECTUYCCKUC YCTAHOBKH, HIMPOKO HUCIIOJIB3YCMBIC
COJIHCYHBIC 6aTapeH 06nauanT MHOKECTBOM CYIIECCTBCHHBIX HEIOCTATKOB
3aTPYAHAOINUX HX ,I[aJIBHCI;‘IHlee HCIIOJIb30BaHHE HAa OKOJO3EMHOMU Op6I/ITe.
HOSTOMY JJIL peHICHNs HCKOTOPBIX 3a/4da4, B KaUC€CTBEC MCTOYHHUKA SHEPruun
HUMECT CMBICI UCIIOJIB30BATh 3aMKHYTYHO FaBOTyp6I/IHHyIO YCTAHOBKY, I'IC B
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Ka4€CTBE€ HArpeBaTecjid BBICTYIIACT COJHEYHOC MU3IIYUCHHUE MWW sAJACpHaAA
YCTaHOBKa. HpOCKTI/IpOBaHI/IC JaHHBIX FaSOTyp6I/IHHLIX YCTaHOBOK, Ha CMECAX
WHEPTHBIX Ta30B B KadecTBe paboyero Tenma, TpeOyeT HaKOIUICHMS
ONpeNeNEHHBIX ~ 3HAHUA W DKCIIEPUMEHTAIBHBIX  HCCIITOBAHUM,
HEOOXOMMBIX ISl 00JIETYEHHS ITPOLIecca CO3aHusl TAaHHBIX SHEPTeTHIECKUX
MamuH. OCHOBHBIM 3JIEMEHTOM 3aTPYAHSIOMNM IIUPOKOE PACIIPOCTPaHEHHE
3aMKHYTBIX ~ Ta30TypOWHHBIX  YCTAHOBOK  SIBJISIETCS  MAaJOpPAcXOIHBIN
LEHTPOOEKHBIN KOMIIPECCOp.

ITosToMy  craBUTBCS ~ 3a7ada  TPOBEACHHA  HKCIIEPUMEHTAIBHOTO
OTIpEICTICHUS XapaKTEePUCTUK MaJIopacxoHOTO LEHTPOOEIKHOTO
KOMIIpeccopa (3aBUCHMOCTEN CTETIEHH IOBBIIICHHS JaBJICHUS KOMIIpEccopa
OT YacTOTHI BpAILlEHUs, PACXOJlla U IMOJIOKEHHS JPOCCEIbHON 3aCIOHKH) Ha
pa3nuuHBIX  pabouymMx Tenax (BO3OyX, TEIMOKCEHOHOBAsh CMeEChb), C
JaTbHEHIINM  HWCCJIEJOBAaHMEM TEOPETHYECKHX METOJOB pacuéra U
OIIpEZIeTICHUs]  XapaKTEepUCTUK JaHHOTO BHAA KOMIIPECCOPOB  (BBIOOD
ONTHUMANIBHBIX KO3((UIIMEHTOB MOTEPh M yMEHBIIEHUSI Haropa). A Takxke
OINpeZIeJICHUs]  ONTUMAJBHOTO  QITOpPUTMa  pacyéra  MaJopacXOoJHBIX
LEHTPOOSKHBIX ~ KOMIPECCOPOB B  CHCTEMaX  aBTOMATH3MPOBAHHOTO
npoextupoBanust (maketsl CAELinux 1 ANSYS).

OKcnepuMeHTaIbHAs yCTaHOBKa MIPEACTaBISAET LEHTPOOCKHBIIN
KOMIpECCOp CO  CTENeHbI0  MOBBIIEHUS  maBmeHmst 14...22 ¢
3JIEKTPONIPUBOJIOM C POTOPOM Ha IOCTOSHHBIX MarHUTax MOIIHOCTBIO 7,5
kBTr. B kauecTBe Harpys3ku Npenanosnaraercs HCHOJIb30BaHUE APOCCETBHON
3aCJIOHKM YCTAaHOBJICHHOM 3a YJIHTKOH Kommpeccopa. Jlajgee pabodee Teio
MOCTYNaeT B TEIUNIOOOMEHHHKH (Ta3-BoAa), TAe oxjaxmaeTcs 10 Ty
(HavyanpHOW TeMIlepaTyphl) M MOCTYIAET B PACXOJOMEpPHYIO MIaiidy, OTKyna
ronasaetr B paboyee Koieco Komrpeccopa. YacTh raza mepen ApOCCETbHON
3aCJIOHKOM OTOMpaeTcsl U MOCTYMaeT B KOHIEBOW TEIJIOOOMEHHHK (ra3-Bojia)
TZIe OXJaXAAeTcs, Jajee OHAa HMIET Ha OXJIAXKICHHE 3JIEKTPOABUTATEIS W
MOJIIUITHAKOBEIX ~ y3JI0B M IOCTyHmaeT B paboumii TpakT mepexn
TEIJIOOOMEHHUKOM cOpoca TEIUIOTHL.. B Xozme 3KcrepuMeHTa H3MepsIoTCs
KOJINYECTBO ODOpPOTOB pPaboduero Kosieca, TEMIEpaTypsl M CTaTHYECKHE
JaBIICHUS TIEPE U TIOCIE PAcXOJAOMEPHON INai0bl, a TaKkKe TEMIEpaTyphl U
MTOJTHBIE TAaBJICHHUS TIOCIIE KoMIIpeccopa (Tiepe JpocceIbHOM 3acIoHKoi). Beé
9TO MO3BOJIUT MOCTPOUT XAPAKTEPUCTUKY KOMIIpPEccopa U CO3/1aTh allTOPUTM
pacuéra ManopacxoaHoro kommpeccopa B cuctemax CAIIP.
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IIporpamma pacdera k03 (pHIHEHTOB BIUSHUSA JUIA MAaTeMaTHYeCKOMH
MO/1eJIM Fa30TYPOMHHOIO ABUraTeisi 00001EeHHOI cXeMbl
Ilerosa E.II.

MI'TY I'A, r. MockBa

Lenpto nmaHHOI paboOTHI  SBISIETCS  COBEPIICHCTBOBAaHHE  METOJIOB
OIIpEZIeTICHUs] TEXHUYECKOT'O COCTOSIHMSI aBHAIlMOHHOTO JIBHTATeNlsl B
TIpoIIecce AKCILUTyaTalllH C CIIOJIb30BaHUEM €ro MaTeMaTH4ecKOl MOJIEIH.

Ha  mpempimymem  srtame  Obuta  paspaboTaHa — yHHBepcalbHas
JTWHEeapu30BaHHAs MaTeMaTHYecKas MoJenb aBuanronHoro BPJI u mokaszans
crocoObl €€ TpaHcHOPMHUPOBAHWS MJsI PA3NUYHBIX CXEM JIBHTaTelNeH,
HaIle[MUX TNPHMEHEHHE B TPAKIAHCKOW aBHAlWHU. YPABHEHUS OTPAKArOT
OCHOBHBIE TEPMOT'a30INHAMHUYECKHE TPOLIECCHI, TPOTEKAIOIINE B ABUTATENE U
JMHEapH30BaHHBIE B OKPECTHOCTH PACUYETHOW ToukH. JImHeapusamus Oblia
MPOM3BEIeHAa METOJJOM MaJIbIX OTKJIOHEHHH. CucreMa JTMHEHHBIX ypaBHEHUN
umeer 53 ypaBHeHus U 88 mepeMmeHHbIX. IlepeMeHHBIE, B CBOIO OuYepelb,
pa3lensoTcsT Ha He3aBHCUMbIE ((akToppl) M 3aBUCHMbBIE (OTKIIHMKH).
KonmyectBo oTKIMKOB paBHO 53 (JieBas Mmarpuia), a ¢aktopoB 35 (mpasas
Marpuna). OTcroa ciieayer, 4To JaHHas CHUCTeMa HMEeT €IMHCTBEHHOE
pemenne (Marpuia K03(hUINEHTOB BIHUSHUSA).

IMpomecc  momydenmst  TaObmMUBl  KO3(GHUIMEHTOB  BIMSHUA IS
JIMHEapU30BaHHOM MaTeMaTHYecKOH Mozenu ObLI IPOM3BENCH Ha MpuUMepe
neuratens [IC-90A. Pemenne ciuctemsl U3 53 ypaBHEHHHA OBUIO BHITIOTHEHO B
cpene mnporpammupoBanus Ilackanp, mporpaMmbl Oblla paccuyMTaHa Ha
omepannonHyo cucreMy MS DOS, ©He mnpexmonarara MHOTOKpaTHOE
U3MEHEHHE BBOANMBIX JaHHBIX.

Hacrosmiass mporpaMma mMo3BOJISIET HONYYUTh TaOaHIy KO3()(HUIKMEHTOB
BIIMSTHHSL HE3aBHCUMBIX MapaMeTpoB Ha 3aBHCUMBIE [uisi jrodoro tuna I'TJI,
KOTOPOMY MOJKHO COIIOCTAaBUTH OIPEIEJICHHYIO JIOTHYECKYI0 CXEMy.
[Iporpamma  BbIMONHEHa  HAa  OOBEKTHO-OPUEHTUPOBAHHOM  SI3BIKE
nporpammupoBanust Visual Basic 6. B mporpamme yurteH TOT (axT, 4TO
ncciexyeTcs J0BOJIBHO Ooplias cucteMa ypaBHeHHH (53). [ns BerancieHus
K03()HUIMEHTOB NPU HEM3BECTHBIX MEPEMEHHBIX HCIOIB3YETCs MOpsIKa CTa
XapaKTEePUCTUIECKUX K03(h(pUIEHTOB JIBUTATEIs. Hexoropsie
KOA(PUIUEHTH! BBIYHACIIOTCS PACUYETHBIM ITyTeM, HEKOTOphle OepyTcs u3
9KCIIEPUMEHTAIBHO  IIONydeHHBIX TIpadukos. HHTepdeiic mporpamMmsl
MIOCTPOEH TakuM o0O0pa3oM, dYTOOBI OBUIO 00ECIeYeH0 MaKCHMalIbHOE
ynoOcTBO paboTel ¢ OonbmM oO0beMoM uHGpopManuu. B mporpamme
NpeyCMOTPEHbl  OBICTPBIN IepepacueT MaTeMaTH4eCKOW MOJENU IpH
U3MEHEHHH BXOJHBIX I1apaMeTpOB, COXpaHEHHE pe3yNbTaToB B Bujae (aiina
Excel, 3arpy3ka ncxonusix gaHabix u3 Excel.

CrnenyromuM 3TanoM B pa3paboTKe MporpaMMmbl OyAeT HICHTU(QHKAIMS
MaTeMaTH4ecKOd MOJENH, a WMEHHO COIOCTaBJIeHHEe KOI(DPHUIUCHTOB
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BJIMAHUA, TIOJTYUYCHHBIX pPacdY€TOM C OKCIIEPUMCHTAJIbHBIMU. YacrtHoe
pelieHre 3ToM 3amaun ObUTo mosryueHo it asuratens [IC-90A 8 MI'TY TA.
JlaHHas mporpamMma MpearnoiaracT pelieHue TaKou 3a1auu JUIst JII000To THIa
I'TH.

OnTuMu3anus BTOPUYHBIX BUXPEBBIX TeUYeHUH B KaHAJIAX COMIOBBIX H
PadoYHX JOMATOK ra30BbIX TYPOHH NPUMeHeHneM HeoceCHMMeTPHYHBIX
TOPLEBLIX NOBEPXHOCTEH
Camoxsanos H.IO., Tuxonos A.C.

ABuazsurartens, r. [lepmp

IIpu mnpoekTHpOBaHWU BHICOKOI(P(EKTHUBHBIX JIONATOYHBIX PEIIETOK
NEepCIEeKTUBHBIX AaBHUAIIMOHHBIX JBHUTaTelel 3HAYUTEIbHas pOJb OTBEICHA
MHHHUMH3AIMH BTOPHYHBIX OTEPh B KAHAJIAX COILUIOBBIX U PabOUYMX JIOMATOK.
OpHUM U3 NEPCHEeKTUBHBIX METONOB peaan3alluy CHUKEHUS NMHTEHCUBHOCTU
BHUXPEBBIX COCTAaBJIAIOUINX B MOTOKE SIBISIETCS BHEAPEHHE B KOHCTPYKIIMIO
TPEXMEPHBIX HEOCEeCUMMETPUYHBIX TOPLEBBIX MIOBEPXHOCTEHN
MEXXJIOTIATOYHBIX KaHAJIOB (JIOKaJIbHOE HMPOCTPAHCTBEHHOE NMPOQMINPOBAHNE
TOPLEBBIX TOBEPXHOCTEH).

Lenpto naHHOW pabOTHI SIBISUIOCH MPOBEACHHE KOMIUIEKCHOTO aHaln3a
BIIMSIHASA HEOCECUMMETPHUYHOCTH TOPLEBBIX MOBEPXHOCTEW MEXKIIONATOYHBIX
KaHAJIOB Ha BTOPUYHBIE BUXPEBBIE CTPYKTYPBI B IPUCTEHOYHBIX 30HAX.

B kauecTBe 00beKTa HCCIEAOBAHUS BBIOpaHa PELIETKA COIUIOBBIX JOMATOK
BTOPOl ~ CTYNEHM TEpCHEeKTHBHOW  Ta30Boil  TypOuHbl.  PacueTHoe
UCCIe0BaHNe OCYIIECTBISUIOCH B CTAIIMOHAPHON, TPEXMEPHOI ITOCTAHOBKE C
noMo1bo kommepueckoro nakera ANSYS CFX 13.0.

AHanu3  pe3yibTaTOB — HCCIENOBAaHMS  IIOKa3al  IeJIecOo00pa3HOCTb
W3MEHEHHs NpoQuiIs TOPLEBOH IOBEPXHOCTH B CTOPOHY YBEIMYCHHMS
JIOKAJIBHOTO pajiyca B 00JIaCTH MaKCHMAJIBHOTO CTaTHYECKOTO JABIICHUS y
KOPBITa, YMEHBIICHUS Yy CHOMHKH. BCIEICTBHE CHIXKEHUS IOINEPEYHOro
TpajiieHTa JaBJCHNUS OT KOpBITA K CIHHKE B IPUCTEHOYHBIX OONACTAX,
YMEHBIIAETCSI HHTEHCUBHOCTh BETBH ITOJJKOBOOOPA3HOTO BHUXPSI C KOPBITA U
OCHOBHOTO  KAaHalIbHOIO BUXpsA B  pemerke. IIpy 3ToM  BeTBb
MIOJJKOBOOOPA3HOTO BUXPS C KOPBITA AJsI HEOCECHMMETPUYHOTO BapHaHTa, 3a
C4eT BO3MYILIEHHS B BHJE BBIIYKIOCTH B pailloHe MaKCHMAaIbHOIO
CTaTUYECKOTO JaBJIEHHs Ha KOpBITE, pa3leiseTcss Ha JBE BHXpEBBIC
COCTABJIIOLIME, HMEIOUIME  KOJNMYECTBEHHO  MEHBIIME  IOKa3aTelu
WHTEHCHBHOCTH. BUXph NEpBUYHOrO pacnaja MOTPaHUYHOTO CIIos, Orubdas
BBINTYKJIYIO 30HY, Bpe3aeTcs IO/ 3HAYUTEILHBIM YIJIOM B BOTHYTYIO 00JIacTh
Ha CIIMHKE, COYAApssiCh C BETBBIO IOJKOBOOOPAa3HOTO BUXPS CO CIIMHKH,
CYIIECTBEHHO YMEHbIIIAsl SJHEPTHIO BUXPEBOU CUCTEMBL.

CymmapHoe CHIDKEHHE noTepb MIOCPENCTBOM NIPUMEHEHHUS
HEOCECUMMETPUYHOCTH  BTYJOYHOW W TepUPEepuHHOH  TOPLEBBIX
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HOBEPXHOCTEH COCTAaBIIIO Mopsanka 9,5 % oTHOcUTENbHO 6a30BOrO BapHaHTA
C OCECHMMETPUYHBIMH TOPIEBBHIMH TOBEPXHOCTSIMH, YTO OIpEIeseT
MOTEHIMall JaHHOTO METOJa TMpH IPOEKTHPOBAHHH  COBPEMEHHBIX
BBICOKOA((PEKTUBHBIX TypOUH.

Pa3pa6oTka J1a3epHOro MeT0a KOHTPOJIS TOIJINBA
Mepxkumms I'.B., Kaptykos A.B., Cymxo C.B.
MAM, r. MockBa

3amava OmepaTHBHOTO KOHTPOJIS KadyecTBa TOIUIMBA BEChMa aKTyalbHA H
BOoCTpeOOBaHa B IeNsX obecrieueHus] 0€30MacHOCTH aBUAIIMOHHON TEXHUKH.
Hwxke paccMaTpuBaeTcsi WCMONIB30BAHUE JIA3€PHOTO  M3IYUYCHHS IS
NOJNyYeHHs: HeoOXOAMMOH WH(OpMAIMKd OTHOCHUTENBHO IPOCTBIMH U
I[OCTyHHI)IMI/I Cpe)ICTBaMI/I.

DKCIepruMeHTabHAsl YCTAaHOBKA COACPIKUT UCTOYHHK y3KOHAIPABICHHOTO
KOTePCHTHOTO W3ITyueHHs Ha JHHEe BOJHBI 0=0,63 MKM, Ha MyTH Jyd4a
YCTaHOBJICHA TUIOTHASE OTKPBITAs EMKOCTh (KIOBETa), B KOTOPYIO HAJIUBACTCS
HcclleqyeMasl JKHAKOCTh. B HamMX AKCHEPUMEHTaX HCIOIH30BAJIChH
oemsunabl AU-80, AU-92, AU-95, a takxke 96% stumoserii crmpt. [locie
MPOXOXKICHUS dYepe3 Taphl JKAOKOCTH Jyd TIomamaeT Ha (QOTOIHMO,
CMEIIEHHBIII OTHOCUTENBHO ONTHYECKOW OCHU CHCTEMBl B BEPTUKAIBHOM
HaIpaBJICHUH TaK, YTOOBI NPH OTKIOHEHWH Jyda BCJIEICTBHE pedpakim
(oTOTOK [HOIa TpeTepmeBan CyIIECTBEHHBIE H3MEHEeHHs. B &MKoCTh
HAJIMBAJIACh HCCIEAyeMasl KHUIKOCTh 00bEMOM 2 MII M PErHCTPHPOBAIKCH
NU3MCHCHUA q)OTOTOKa B BHIC (byHKI_[I/II/I BpeMCHI/I OT MOMCHTA BBCICHUSA
KUIKOCTH JIO JOCTIXKCHHS (DOTOTOKOM HCXOIHOTO 3HaueHus. Hawubomee
mostHasi WHGOpPMAIHS CONEPKUTCS B XapaKTepe 3aBHCUMOCTH (OTOTOKA OT
BpeMEHH. B KauecTBe MPHU3HAKOB WACHTU(DHUKAIIMUA IKUIKOCTH MOXKHO
HCTIOTH30BaTh BEMYMHY PE3KOr0 yYMEHbIIEHUs (OTOTOKa B MOMeHT t=0, a
TaKXe JUTNTEIFHOCTH MPOIlecca BOCCTAHOBJICHHUS €T0 UCXOIHOTO 3HAYCHUS.

[Momy4yeHHBIE AKCHEPUMEHTANFHBIE 3aBUCHMOCTH ITIOKa3BIBAIOT, YTO
WCIOJB30BAaHHBIE B OJKCIIEPHUMEHTAaX JKUIKOCTH MOTYT OBITh YBEPEHHO
UACHTU(HUIIMPOBAHEI 110 YKa3aHHBIM BBIIIE TTapaMeTpaM. DKCIIEPHIMEHTAIBEHO
MPOBEPEHO BIMSHUE TEMIIEPATYypPHl OKPYXKAIOIIEH Cpenasl, KOTOPYIO HYKHO
MOJIJIEP>KUBATh TTOCTOSTHHOW. [Ipu n3Menennu Temmepatypsl Ha 10 TpagycoB
JUTATENIFHOCTh ~ MpOIlecca BOCCTAHOBJIICHHS  (DOTOTOKA HM3MCHSETCS B
HECKOJIBKO Pa3s.
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TenJioBoe NpPoeKTUPOBAHUE Pa3pPe3HBIX KoJIel TYPOMH MeToqaMu
YHCJIEHHOT0 MOIeIMPOBAHUS B CONMPSI:KEHHOI MOCTAHOBKE
Tuxonor A.C., Camoxsanos H.I1O.

ABuanpurarens, T. [lepmb

OnHMMHE U3 BaXHEHIINX YCIOBHIA 0OecreueHuss KOHKYPEHTOCIIOCOOHOCTH
ra3oTypOunHbIX asurareneit (I'TJ[) sBisiroTcss TOBBILIEHHWE —pecypca,
HAJEXKHOCTM U TOMJIMBHOM SKOHOMHUYHOCTH. OfHAaKo MOBBIIICHHUE
SKOHOMHYHOCTH U HEOOXOAMMOE ISl 3TOTO YBEJIMYEHHE TeMIlepaTyphl rasa
mepex TypOuHoM T*  ~MOXeT TpHBECTH K CHIDKEHHIO pecypca
ra30TypOMHHOTO [BHTaTeNs M3-32 YXYALIEHHS MPOYHOCTHBIX CBOMCTB
MaTepHaJIOB JE€Talel ropsdeil yacTH.

C y4eToM OKpy>KHOI HEpaBHOMEPHOCTH JIOKaJbHAs TeMIlepaTypa raza T*,
MOXET JocTuraTh 3HaueHui mopsaka 2500K. Ilpm Takux ycrnoBHAX
HauOoJbIllee BHUMAaHHE IIPU MPOEKTHPOBAHUU YACNSACTCA HAACKHOMY
oxnaxaeHuro comioBeix (CJI) m pabouux (PJI) nonmarok TtypOunbl. Ha
CEeTOJIHAIHUI JIeHb B NMPAKTUKE MPOSKTHPOBAHUS U HAYYHBIX MyOIMKaLUIX
CPaBHUTEILHO MAJI0 BHUMAHU yAEJseTcs JeTalbHOMY U3yUSHHIO TEIUIOBOIO
cocrostHust  pazpe3nblx kojen (KP) typOunbl. Bmecte ¢ Tem, OIBIT
SKCIUTyaTauu coBpeMeHHbIX ['TJ[ mMmoka3plBaeT BBICOKYIO BEPOSTHOCTB
Bo3HUKHOBeHUs nedekroB B KP 1-if crymenn TypOUHEL.

Ilenpto paboTHl SBIIsICTCS NPOBEACHHE UYMCICHHOI'O MOJAEIHMPOBAHUS B
COIIPSDKEHHOM IMOCTAHOBKE (Ta30IMHAMHKA + TEIUIOOOMEH) TEeIUIOBOTO
cocrosaust KP 1-i1 crynenu typ6unst coBpemennoro ['T/I.

OCHOBHOM 3ajmaueil MaHHOTO HCCIECIOBAHUS SIBISUIOCH OIPEIEIICHNUE
TerutoBoro coctosiuug KP penienneM conpspkeHHON 3a1aun ra30IMHAMUKY U
temooomena B makere ANSYS CFX 13.0. OObeKTOM HCCIeIOBaHUS
apisnace KP 1-#f ctynmenn TypOunsl. KP MonenupoBanoch ¢ MONOCTHIO
nojaBoja oxnaxpatoniero Bozayxa oT CJI uepes xopmyc. Ilomumo 3Toro
mogenupoBamch CJI m PJI 1-if crymenm TtypOunbl. [lonst mosHBIX
temrepatypsl (T*,.x = 2000°C) u naBneHus, ypoBeHb TypOYJICHTHOCTH Ha
Bxoze (19.2%) B CJI ompenenensl B pesyinprare pacuera CJI 1-if crymenn
COBMECTHO C KaMepoii cropanusi.

[MomydeHnble  pe3ynbTaTbl  YWUCICHHOTO  MOJICIUPOBAHHUS  XOPOIIO
COTNIACYIOTCS C PA3IMYHBIMH  OKCIIEPUMEHTAIBHBIMU  HCCIIEAOBAHUSIMU
(3aMepbl CTaTHMYECKMX MJABICHHMH M TeMIepaTyp B IMOJOCTH IIOJBOJA,
MeTayutorpadus).

Ha ocHoBe mosryueHHBIX XapaKTepUCTHK cucTeMbl oxnaxaeHus KP u ero
TEIJIOBOTO COCTOSIHMSI OBUIM  C/AENaHBbl CYNIECTBEHHBIE HM3MEHEHUS B
koHCcTpykuuu KP (pasOueHue eauHONM MOJIOCTH IOJBOJA HAa HECKOJIBKO
H30JINPOBAaHHBIX TOJIOCTEH, W3MEHEHHE KOJIMYECTBA M  PacIOOKEHUS
OTBEpCTHH Nepopalyy 1 T.J.), 4TO MO3BONMWIO 3HauuTesbHO (Ha 40...50°C)
cHU3UTH Temnepatypy KP mo cpaBHeHHIO ¢ HCXOTHON KOHCTPYKIUEH.
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Bueapenne MeTOOUK, pelIaromuX 3aAady MOJYy4YEeHHUs TEIJIOBOTO
cocrosiHus netaneit Typoun I'TJ] compsbkeHuMeM 3amad Ta30AMHAMHKH U
TEINIOOOMEHA, B TPAKTUKy MPOCKTHPOBAHUS II03BOJIUT CYIIECTBEHHO
VIYYIIUTh YPOBEHb TPOCKTHUPOBAHUS M MPOBOJUTH KOMIUIEKCHBIM yder
BIUSIHHS PAa3lIMYHBIX (DAaKTOPOB HAa a’pPOJUHAMUKY U TEIUIOBOE COCTOSHHE
JeTasnei TypOWH B €IITHOM IPOTPAaMMHO-BBIYHACIATEIIEHOM KOMILICKCE.

CTpyKTypHasi ONITUMH3AIUS Pollecca U3rOTOBJIEHUS JieTaleil U y3J10B
I'TA
Typxun M.B.
MI'TY «Crankuny, r. MockBa

CTpyKTypHasi ONTHUMH3aIMS TMPOU3BOJACTBEHHOTO IMpoliecca BO3MOXKHA
TOJBKO 33 CYET BHEAPEHHS CHUCTEMbl ABTOMATH3HPOBAHHOTO cOopa W
00pa0bOTKH JAHHBIX O COCTOSHHHU BBITYCKACMBIX H3/ICITHA.

OO01mas JIoruKa opraHu3anuy coopa JaHHBIX MOXKET OBITh MPEJICTaBICHA Ha
OCHOBE CJIEIYIOIINX MOJIOKEHUM:

- WICTIOJTHEHHE 3aKa3a Ha u3rotoBienne [ T/l ocHOBaHO Ha CYIIECTBYIOIICH
CUCTEME ONEpPAaTHBHO — KAlICHIAPHOTO IUTAHUPOBAHHS, KOTOPAs YBS3HIBACT:
3aka3, coctaB kommoHeHToB ['TJI, cocraB wHeobxogumoro CTO wu
COOTBETCTBYIOIIIE CPOKH W3TOTOBICHUS. BBIXOZOM CHCTEMBI SIBISETCS:
muQpel H3roTaBIrBaeMbIX KOMIOHEHTOB/CTO, UX yBs3Ka C 3aKa30M U CPOKH
HM3TOTOBJICHUS.

- KOHTpPOJIb HCIOJHEHHWS IUIaHa pealM30BBIBAETCS HAa  OCHOBE
WCIIONIb30BaHUsl aBTOMATHU3UPOBAHHOW CHUCTEMBI, BXOJOM JJIsi KOTOpOI
CIy)aT  BBIXOJHbIE  JIaHHbIE  CHCTEMBl  OIEpPaTUBHO-KAJIEHAAPHOTO
IUTAHUPOBAHMSI, a BBIXOJOM — 3aJaHus Ha TMPOBEACHHE PadoT.
YHuBepcaJIbHON y4YeTHOW eAMHULIEH MJI1 OIEHKHM CTEINEeHH HWCIOIHEHUS
3aKa3a Ha KOHKPETHYIO NaTy SIBISIFOTCS Pe3yJIbTaThl MCIOJTHEHUS 3aJTaHUi,
KOTOpPBIE MOTYT OBITh COOTHECEHBI C JJIEMEHTAMH OpPTaHW3aIHOHHOMN
CTPYKTYPHI (1I€X, yYaCTOK, MPOU3BOJICTBO) WIIH BBITYCKAEMOW TPOTYKINU -
JIBUTATEJIST U €T0 KOMITOHEHTOB.

PaccunThIBast MPOIEHT WCIIOMHEHUS 3a0aHNi (OTHOIIEHNE MCIIOIHEHHBIX K
o0IIeMy KOJIMYECTBY), OTPENeNsIeTCs] CTeeHb HCIOJIHEHHWS 3aKa3a Kak II0
O00BEMHBIM TIOKA3aTeNIIM — BBITyCKaeMas MPOAYKIHsS (IBUTaTeNld, HX
KOMIIOHEHTBI M TMp.), TaK M HCIOJHUTENSIM (LIeX, Y4acTOK W Tp.) Ha
KOHKpeTHYt0  naTy. COOTBETCTBEHHO, COIMOCTaBJISIsI  pacyeTHblE U
IJIaHUpyeMble Ha JaTy pe3yJbTaTbl HWCIIOJHEHUS 3aJaHui, BO3MOXKHO
OLICHUTb BPEMEHHYIO 33/IEpKKy HMCIIOJIHEHHUS 3aKa3a, Kak B IIeJIOM, TaK U IO
OTJIEJIbHBIM COCTABIISIOLIUM.

COop maHHBIX MOKHO OPTaHM30BATh B PA3IMYHON W Pa3yMHOH CTEICHH
netanm3anud (YpoBEHb IIeXa, ydacTKa WIIM COOpOYHOW eNWHUIBI NeTalld |

mp.).
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IIpn u3BECTHBIX 3KOHOMHMYECKMX IIOKa3aTelisiX (CTOMMOCTh pPabouero
BPEMEHH, MaTEPHAIIOB, U3ACIHUN U TIP.) MOXKHO PACCUUTATH YKOHOMUYECKYIO
3¢ PEKTUBHOCTD NPH UCTIOTHEHUH 3aKa3a.

[lpunsATass B  TPOMBINUICHHOH  MpPaKTHKE CHCTEMa  OTYETHOCTH
MIPUHIMIHAIGHO BKJIIOYAEeT pacyeThl M0 HATypalbHBIM ITOKa3aTelsiM (Bad,
00BeM  BBIMYIICHHOW NPOAYKUWH), XapakKTEepU3YIOIIUM (HUHAHCOBYIO
3 }eKTHBHOCT HEATENFHOCTH (IUIAHOBBIC IIOKA3aTeNH) H  HM3OCPIKKH
(JacTHYHBIE IIOCTaBKH, 3aJep)KKa CPOKOB HCIONHEHHS 3akaza M IIp.),
XapaKTepHU3yIOINe CTENeHb HCIONHEHUs IUIaHa Ha JaTy W SBISIOIIHECS
OCHOBOHl JUIi NPHHATHSA COOTBETCTBYIOINMX pemeHud. CocTaB Takux
MoKa3zarelield BKIIIoYaeT HHTErPUPOBAHHBIE 3HAYCHHS H JIOKAJIbHBIE.

HccnenoBaHus KOHCTPYKIUH TOPLEB PAa00YHX JIONATOK /s
MHMHHUMH3AIHH yTe4eK B PaIHATbHOM 3a30pe TYpPOUHBI
Xavipymus J1.M.

ABuanBurarens, I. [lepmb

Han6onpmee Bmustane Ha KITJ[ TypOHHBI OKa3bIBAIOT pagraibHbIE 3a30D6I,
KOTOpBIE TPHBOIAT K BO3PACTaHUIO CyMMapHbIX mortepb. [lotepm B
panuanbHBIX 3a30pax 00yCIOBIEHBI B3aMMO/ICHCTBIEM OTOKOB, BEIXOASIINX
13 COIJIOBBIX JIONIATOK U IEPETEKAIOIINX IO 3a30py 3a paboume JOMmaTku ¢
KOpBITa Ha CIIHHKY.

MonenmupoBaHue ¢ HCIIONB30BaHNEM ypaBHeHHH HaBbe-CTOKca 1mMo3BoseT
IMOJIYUYHUTh TAaKHE BaXHbIC KOJIMYCCTBCHHLIC XapaKTCPUCTUKU II0TOKa, KakK
YpOBEHb IOTEPh SHEPrMH B NPOCTPAHCTBEHHOM BEHIE, a TaKXKe
UAEHTH(UIMPOBATH OTPHIBHBIE SBJICHUS B IPOTOYHON YacTH.

Bropas pabouast yomaTka SIBISETCS OXJAXTAaeMOH (C KOHBEKTHBHBIM
OXJIKIEHUEM) C MajbIM pacxozoM Boszayxa 1.4 % Gkea. Takum oOpazom,
BO3HHMKJIA HEOOXOIMMOCTh BBITyCKAa OXJIAXIAIOMETO BO3AyXa B TOpEN
nonatky. [1pu BBIycKe BO3IyXa B OTKPBITHIN paJnalibHBIA 3a30p M3MEHEHHUE
KIII ctynenn omnpenenseTcs B OCHOBHOM 3aIlOJIHEHHEM €0 BO3IYXOM, YTO
yYMEHbBIIAeT OOBIYHBIC TOTEPU OT MepeTeKaHus. B pacueTHBIX BapHaHTax
pacCMOTPEHBI pa3Hble CIydad BBIIYCKa OXJIAXAAOIEro Bo3myxa. Jlms
pacdera CyMMapHBIX IOTE€Pb YYHWTBHIBAJIACh JHEPTHsl OCHOBHOTO IIOTOKAa U
OXJIaXKIAIOIIETO BO3AyXa.

Pacuetnas obmacte coctosuia u3 10-15 miuH 31eMeHTOB. MakcHMallbHBIH
pasMep dJeMeHTa paBeH | MM MUHHMAIbHBIA MO BCeW pacueTHOW obiacTu
6611 3aman 0.1 mm. Jlst paguanbHOTO 3a30pa ObUT HA3HAYESH pa3Mep JIEMEHTa
0.05 mm.

B nanHOW paboTe wuccnenoBanoch BIMSHHE TIYOMHBI KOJIOAA Ha
W3MEHEHHE CYMMapHBIX MOTepb Mo mpodmmo. Beumm paccMOTpeHBl aBe
KOHCTPYKIIMHU TOPIIA.
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TaK)KC I OTUX BapI/IaHTOB 6BIJ'I HpOBeI[CH aHaJIN3 BJIIUAHUA BI)IHyCKa
OXJIQKIAIOIETO BO3AyXa B TOpEIl.

Bce pacuetsl npoBoqmIIUCh 11 paauaibHoro 3azopa 0.4 M.

OrnurcaHue pacyeTHbIX MOJEIEH:

1 — rmankuit Topen; 2 — Topel ¢ KJIaCCHYeCKUM KOJOJLEM; 3 — TOopel C
KIIACCHYECKIM KOJIOAIIEM W BBITYCKOM OXJIQXKIAMOMIETO BO3IyXa Ha JHE
konoxamna.; 4 — toper; ¢ V-o0pa3HBIM KoJoAmeM; 5 — Topern ¢ V-00pa3HbIM
KOJIOATIEM ¥ BEIITYCKOM OXJIaXKIAIOMIETO BO3IyXa Ha JHE KOJOIIA.

Pacxox oxmaxmaromiero BO3Ayxa Ui BapuMaHTOB C  BBIMYCKOM
OXJI2XKTAIOIIETO BO3AyXa Ha JHE Kosoama Obu1 paBHBM 1.4 % GxBa.

MoHO cKa3aTh, YTO MPUMEHEHHE KOJIOAIA OJArompHsITHO CKa3bIBAETCS
JUTSL CHIYDKEHHSI CYyMMApPHBIX TIOTEPh IO TMPOQHUITIO.

Jlonarka ¢ V-00pa3HBIM KOJIOJIIEM MPEANIOYTUTEIbHEE OTHOCHTEIHLHO
JIOMATKH C KJIACCHYECKUM KOJIOIIEM.

Brimyck  oxnakparomiero BO3JIyXa Ha JIHE KOJIOALIA, 4YTO B €ro
KJIACCHYECKOM BHJEC TaK U B JIONIATKE C V-00pa3HBIM KOJOJIIEM, CHIDKACT
pacxoj rasza yepes panuaibHblii 3a30p Ha 20-30%, 4TO TakKe NPUBOAUT K
CHIDKEHHIO CyMMAapPHBIX TIOTEPH IO TPOQHITIO.

MopenupoBaHue 3JIeKTPOCTAHIIMUA CKOPOCTHOTO BEPTOJI€eTa ¢
NpUMeHeHHeM HeiipOHHO TeXHOJIOTruMu
Bbapanos A.1O., Xmwxuskos F0.H., IOxakos A.A.
JIM3-3Duepro, r. JIbicsBa; ITHUITY, r. [Tepmb

WnTtencusHOE Pa3BUTHUE BEPTOJICTOCTPOCHHUA BBIABUHYJIO Ha HepBBIﬁ IJIaH
BOIPOCHI CO3JAHUS CKOPOCTHBIX JJIEKTPUYECKHX BEPTOJNETOB CpeaHeH
IPY30IOABEMHOCTH. J|OCTHTHYTBIE yCIleXd B pa3paboTKe Majlopa3MepHBIX
ra3oTypOMHHBIX JIBUraTteileii W BBICOKODKOHOMHYHBIX MHOTOJIONACTHBIX
BO3AYIIHBIX BHHTOB [l] co3manm mpeamochbulku i1l pa3pabOTKH HOBOTO
TTOKOJICHUS aBHAIIMOHHBIX IIEKTPOCTAHITNH COZIepIKaIIIX JiBa
ra30TypOMHHOTO JBUTATENsl C HEYCTKHMH pErysIToOpaMHd dYacTOTHl C
NPUMEHEHUEM HEHUPOHHOM TEXHOJIOIMM, Harpy3Koil KOTOpBIX SIBISIOTCS
OecIIeTouHbIE CHHXPOHHBIE TEHEpPAaTOpPhl C HEYETKHMH PpETYISITOpaMu
HallpsDKEHHUS C  IPUMEHEHUEM HEHUPOHHOM TEXHOJIOTMU. YIPaBJICHUS
napajuiebHON PaboTON CHUHXPOHHBIX T€HEPATOPOB BBHITIONHAETCS METOJIOM
HEYeTKOTO YIPAaBJICHUSA C IMPUMEHEHHeM HelpoHHOW TexHosoruu [2]. s
YyipaBJICHUA YacTOTOM Bpalll€HHUd BUHTaMKU BEPTOJICTAa MCIHOJIB3YIOTCA
ACHHXPOHHBIE JABUTaTeIM ¢ YAaCTOTHBIM YNpPaBJIEHHEM, PEAIN3YIOILEro 3aKOH

— =const. MopaenupoBaHue dJIEKTPUUECKOH CTAHIUU CKOPOCTHOTO

Beprojera TpeOyeT: (GOpPMHUpOBaHHE BEKTOpPAa HANPSDKEHMS Ha IIMHAX
aBTOHOMHOHM cHcTeMbl [3], MaTreMaTHYecKOro ONHCAHHS aJalTHBHBIX

161



HEUeTKUX PETYJIATOPOB HampskeHus [4] M dacToThl [5], MoJenupoBaHHE
JIBYX YTpaBIIIEMBIX YAaCTOTHBIX IpeoOpa3oBareneil co 3BEHOM ITOCTOSIHHOTO
TOKa, Ipeobpa3oBareinell U3 JeKapTOBOW CHCTEMBI KOOPAWHAT B TPEXOCHYIO
CHCTEMY KOOpJIMHAT M 00OpaTHO, MaTEMaTHYECKOTO ONMCAHUS aCHHXPOHHBIX
KOPOTKO3aMKHYTBIX JIBUTaTelell ¢ BEHTHSTOPHOM Harpyskoil. PazpaboraHo
9KCKITIO3MBHOE MAaTEMaTHYeCKOe OINMCAHUE D3JIEMEHTOB 3JIEKTPHYECKOU
CTaHIIMHU U IPOTpaMM Ha si3bike Delphi.

Jluteparypa:

1.IIymerur B.A., Taiicunckuit C.f. JIByXKOHTYpHBIE TYypOOBHHTOBEIC
JIBUTATENIN MAJIOITYMHBIX camoieToB. M. MammHOocTpoerue, 1984.

2. Aunppuesckas H.B., Xmwxusxo H0.H., HOxakoB A.A. «AmantuBHOE
yIpaBjeHWEe  MNapajulebHOW  pabOTOW  CHHXPOHHBIX  T'€HEPaTOpPOBY.
«MexaTtponuka. ABTomarusanus. Ymnpasiaenue», Ne 10, 2010. — C. 45-50.

3. XwxnsakoB FHO0.H. «®opMmupoBaHue BeKTOpa HANpsDKEHHS Ha IIMHAX
aBTOHOMHOM anekTpoctanuumy». «M3Bectust TIIY», T. 315, Ne 4, 2009. —
C.43-4e6.

4. Marymxkun H.H., Xmwxusakos H0.H. «HeueTkuii perynasrop HampsbkeHUs
0eCIIeTOYHOT0 CHHXPOHHOTO TeHepaTropa C JeMIl(pepHOil O0OMOTKOM».
«Becthuk Kazanckoro I'TY num. Tynonesa A.H.», Nel, 2011. — C.61-67.

5. XmxnaxoB [0.H., IOxakoB A.A. «Helpo-HedeTknil peryisatop 9acTOTH
ra3oTypbunHoro asuratens». «[Ipubops, Ne 5,2010. — C.17-21.

AHaJIN3 COBMECTHOI pa0oThl ra30reHepaTopoB Pas3jiMYHbIX CXeM €
MyJILCHPYIOIIHUM 0JI0KOM ra3oiMHAMHYECKHX Pe30HATOPOB
TapacoB A.U., Ilunakos B.A.

HTII mm. A.JIromexkn, MAU, T. MockBa

[Mynscupyrommii  neronanmonnsiii  aurarens (I1J) - HOBBIA THI
JBHUTATENS JUId aBUAlMH. B HeMm peanmusyeTcs TEpMOIMHAMUYECKHH ITHKII,
OMM3KMH K LMKIy CO CTrOpaHHEM TOIUIMBA IIPH IOCTOSIHHOM oOBeMe, a
mo3ToMy 0OoJiee SKOHOMUYHBEIA, YeM MUK bpalToOHA, HCIONB3yeMBIH B
CYIIECTBYIOIINX ra30TypOMHHBIX ABUIATEIX.

[Ipobrnema pa3pabOTKM TaKUX ABUTATENEH SIBISETCS KpaiHE aKTyalbHOH,
TaK KaK €€ pelIeHUE MO3BOJIIET CYLIECTBEHHO YIYUIIUTh yAEIbHBIE TSITOBbIE
mapaMeTpsl 10 CPaBHEHMIO, HAIPUMED, C CYIIECTBYIOIIUMH aBHALIMOHHBIMU
JBUTATEIIIMU TpaIUIOHHBIX CXEM. Obnactamu IpUMEHEHUS
MyJIBCUPYIOUINX JETOHAI[MOHHBIX JBHraTeleil MOTyT CTaTh J03BYKOBBIE U
CBEPX3BYKOBBIE CAMOJIETHI BCEX TUIOB U aBUAIIIOHHBIC PAKETHI.

Ha cerogusmHuii JeHb MPAaKTUYECKH HUCYEPHAHBl  BO3MOXHOCTH
JanbHeimero noBbieHuss Tk* U Tr*, 4To 0OBSCHSETCS OrpaHUYEHHEM MO
CYLIECTBYIOIIUM MaTepHajgaM, HCIOJB3YIOIIUMCS MpH INPOU3BOACTBE
ABHAIIMOHHBIX  Ta30TYpOMHHBIX  IBHWTaTelied W  MHOTMMH  JIPyTUMH
TIPUYAHAMH.
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IIpu Bcell BaXXKHOCTH TEOPETUYECKUX HCCIENOBAHUN U MAaTEMATHYECKOTO
MoJIeNIupoBaHus padodero mporecca [1JIJI, mpHOPUTETHBIM HampaBiCHHEM
SIBJIFOTCS KCIIEPUMEHTAJIbHBIE UCCIIEA0BAaHMS MOIeNel TAKUX YCTPOUCTB.

DKCNepUMEHTAIbHbBIE MOJeNn A, paboTatorue Ha
KEpOCHHOBO3YIIHBIX TOTIJIMBHBIX CMeECsIX, UCCIIEI0BAIIUCH Ha
HCIBITATEILHOM CTEH/E HEMPEPHIBHOTO AEHCTBUSL.

B nporecce ucnbITaHUN U3MEPSIIUCH PACXOJbl BO3AyXa U KEPOCHHA, UX
TEMIIEpaTypbl U JABJICHUS, a TAaKXKe TEMIEpaTypa U IaBJIeHUE Ia30BOH cMecU
Ha BXOJE B ra3oJMHaMUYecKuil pe3oHaTtop. Tsara monenu u3Mepsiach ¢
MIOMOILBI0 TEH30METPUYECKOTO JaT4MKa, a [UIsl WCKIIOYEHHS BIUSHUS
BXOJHOTO MMITYJIbCA MOJEIbL pacHojiarajach OPTOrOHAIBHO BO3AYLIHBIM
TpyOoIpoBoOAaM.

OCHOBHBIMH ~ HEIOCTaTKaMH  CYIIECTBYIOLIMX Ta30I€HEPaTOpPOB Ui
npuMeHnenus Ha [1]J1/] AaBisieTcst uX BbICOKasi CTOMMOCTb.

Celiuac pa3paboOTKa [ETOHAIIMOHHOTO JIBUTAaTeNs SBIISIETCS HOBBIM
HanpaBJICHUEM B Ppa3BUTUH AaBHUAJBUTaTEeIECTPOEHUsS], 3aCITy’KMBAIOLINM
ocoboro BHMMaHus. Bcraer Bompoc 0 HEOOXOJMMOCTH CO3/aHHS HOBOTO
Ooiee memieBOro TypOOKOMIIpeccopa, KOTOPBIA CMOXKET IIOACPKUBATH
MIOCTOSTHHOE ~ JTAaBICHHWE Ha BXOA¢ B OJOK C Ta30AWMHAMHYECKUMH
pe30HaTOpaMu Ha BCEX peXUMax IMoJeTa.

Pa3paboTka nmporpaMMbl aBTOMATH3HPOBAHHOIO NMOCTPOECHMS
reoMeTpuu ocesoii Typonnsl ¢ npumeHeHueM CAD/CAE cucrem no
ycjaoBuro makcumaabHoro KITJI
Kazennos U.C., BopoOseB A.I'., boposuk U.H.,

MAMWU, r. MockBa

[IpumeHnenne mporpaMM KOMIIBIOTEPHON anreOpsl MO3BOISIET OBICTPO
mpoBecTd  pacueTel arperatoB  THA, B ToM uucie omnpenenuThb
XapaKTEePUCTUKU OCEBOW TYpPOUHBI, MOCTPOUTh T€OMETPHIO M PACCUHMTATh
napaMeTpsl OTOKa, MPOXOJAIIEero ckBo3b Hee. IlomydnTs 0OMuK TYpOUHBI
BO3MO’KHO BO B3aMMOCBSI3U MaTeMaTtudeckoro nakera 1 CAD cucremsl.

B nakere MathCAD Obiia Harmucana mporpamma st pacueTa TypOHHBI U
HaxoxJaeHua ee MakcumanbHoro KITJ[ 1 pa3HBIX BXOJIHBIX JaHHBIX, MPU
pa3NMUHBIX 000pOTax, CTENEHW PEAKTUBHOCTH M OTHOIICHUSAX OKPY>KHOH
CKOpOoCTH K anmabaTtndeckod. PesympraroM pacdera sBisercs Tabnwma c
TeOMETPUYECKIMHU TapaMeTpaMu TYPOMHBI U COIUIOBOTO ammapara, KOTopas
aBroMaTmdeck nepeHocurcs B CAD cuctemy. 3anoxenHas B CAD cucteme
THMOBAass TEOMETPHS MEHIETCS COTJIACHO PAcCCYMTAaHHOW TI'€OMETPHUH.
[omyuennas 3D ™openp WCHONB3YeTCS B JalbHEHIIEM MJIs aHAIM3a
NPOXOX/EHUS] pabouero IMOTOKa yepe3 Hee, MPOYHOCTHBIX W TEIUIOBBIX
pacuetoB B CAE cucreme.
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ABTOMaTH3alusl TMOCTPOCHUS T€OMETPUM OCEBOW TypOWHBI IO3BOJISET
YMEHBIINTh BpeMs Ha €€ MPOCKTHPOBAHHUE, MONYyYUTh TEXHUYECKUH OOJIMK
yactu THA 171 nocneayromero TeXHUYeCKoro aHajausa.

Jluteparypa:

1. OscaunukoB b.B., boposckuit b.W. Teopust u pacuet arperatoB
TIUTaHWS )KAAKOCTHBIX PAKETHBIX JBUraTenei, MammHocTpoeHne
1971 r.

2. Crenanos I'.}O. OcHOBBI TeOpUH TONATOYHBIX MAIIHH,
KOMOWHHUPOBAHHBIX U ra30TypOuHHBIX aeurateneii, MAIIITU3 1958 r.

3. bexoB H.H., Epmonmaa H.I1., Ky3nernos B.1 Pacuer mapamerpos
MIOTOKA TI0 BBICOTE IIPOTOYHON YacTH TypOUHBI M TPO(QIINPOBAaHUE
nepa nomnaroxk, MAM 1993 r.

O BO3MOKHOCTH MOJIyYeHHSI HMITYJIbCHO-TIEPHOTUYECKOTO PeKUMA
H3JIyYEeHHS ¢ JUTHTETbHOCTBIO HMITYJIhCA ~ 10%cex B KOCMHIUEeCKOii
JIa3epHOii YHEPTreTHYECKOH YCTAHOBKE HA OCHOBE ABTOHOMHOTI0
HenpepbIBHOro xumMu4eckoro hf-nazepa
Asnees A.B.

MAM, r. MockBa

Panee MHOI0 ObUTa 0DOCHOBaHa BO3MOXKHOCTH HMPUMEHEHHS KOPOTKHX
MMITyJIECOB HM3JTy4eHHs C JUIMTEThHOCTHIO 107°cek, wacToToli mOBTOpeHHs
105Fu HF-nazepa wu osHeprueit >1J[)K 411 OYHMCTKM OKOJIO3EMHOIO
NPOCTPAHCTBA OT OMACHBIX ()ParMEHTOB KOCMHUYECKOTO MYycOpa C MOMOIIBIO
KOCMHUYECKOH JIa3epHOI YCTaHOBKM Ha OCHOBE aBTOHOMHOT'O HEMpPEPHIBHOTO
xumuueckoro HF-nazepa.

B omiamumMe OT aKTMBHBIX CpeA IpPYTHX JIa3epoB, HCIOIb3YEMBIX IS
MOJy4YEHHsI KOPOTKHX MMITYJIbCOB M3JIydeHHMs, akThBHas cpexa HXJI monro
HE MOXXET HaKaIUINBaTh KOJIeOATEIbHYIO 3HEPIUIO BBUAY OONBIIONH CKOPOCTH
npouecca V-T penakcauun moznekyn HF. Ilostomy uacTora moBTOpeHUs
HMITYJIBCOB H3JIyYeHHUS! JOJDKHA OBITh OYEHb BBICOKOM, 4TOOBI 00ECHednTh
BBICOKHE IHEPreTHUECKHE MapaMeTphl UMITYJIbCHO-TIEPHOIUIECKOTO PEKUMA
TeHEepaluy JIa3ePHOTO H3JIydeHUS. BO3MOXKHOCTh TONydEHUs JIa3epHBIX
HMITYJIbCOB C TPeOYeMBIMH SHEPTHAMH M JTHTENbHOCTHI0 ~10 cek cBoamTCS
B OCHOBHOM K CJIE/IyIOIIIM BOIIPOCaM, PACCMOTPEHHBIM B IAaHHOH padoTe:

HACKOJIbKO yJA€TCA HAKOIMTEL DHEPIUI0 HAa BEPXHUX JIA3€PHBIX YPOBHAX,

MO3BOJISIIOT JIM U3BECTHBIE METO/BI C(HOPMUPOBATH KOPOTKHUE MMITYJIBCHI C
HEOOXOJMMBIM OTHOIIEHHWEM JUINTEIBHOCTH HMMITYJIECOB K MEPUOAY MEXKIY
HUMH,

HUMEIOTCSl JIN HEOOXOJMMBIE MaTepualibl Ul HM3TOTOBJIEHHS 3JEMEHTOB
COOTBETCTBYIOIINX ONTHYECKHUX CXEM,
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nocratouHbl M ypoBHH pasButus HF(DF)-HXJI misa  momydenus
UMITYJIbCOB C HEOOXOAMMBIMH 3HEPTHSMH TPH UCIIOJIb30BAHUU UX aKTHBHBIX
cpen,

HACKOJIBKO HCIIOJNIb3YEMBI crtocod (GopMHUpOBaHMSI KOPOTKHUX HMITYJIbCOB
o0ecrieunBaeT JIOCTIDKCHHE PAcXOAMMOCTH WX HW3Iy4eHHs, OJHM3KOro K
I pakInOHHOMY Tpeeny.

B pesynprare NpOBENEHHBIX pacdyeToOB IIOKa3aHa I1eIeco00pa3HOCTh
WCIIOJIb30BAHMUSI CXEMBI 3aJafONINi reHepaTop — ycuiaurtens MoruHocTH (31-
YM) i OOCTIKEHHWS HEOOXOAMMBIX YpPOBHEH DHEPIUH HMITYJIECOB
maydenns  (>1Jx), 000CHOBaH BBIOOpP CXEMHBIX pEIICHHA W
reomeTpuueckux pasmepoB 317 mw  YM. BrImonHeHHBIE OIEHKH C
UCIIONIb30BaHUEM DPa3pa0OTaHHBIX OTEYECTBEHHBIX MPOTOTUIIOB I'eHEpaTopa
axktuBHOM cpenpl HF-HXJI noka3anu, 4To Ha BBIXOAE OJHONPOXOA0BOro YM
C anepTrypou 5x20cM’ W JUIMHHOM aKTHBHOI cpeasl 270 ¢cM MOXKET OBITH
JOCTHTHYTA yKa3aHHas BbIIIe TpeOyeMasi SHEPTHsl UMITYJILCOB H3ITyYeHUsL.

* Paboma evinonnena 6 pamxax peanuzayuu @I «Hayunvie u nayuno-
neoazoeuueckue kaopwvl uHHosayuonHou Poccuuy na 2009 — 2013 2o0w1. (Ioc.
xoumpaxm om 9 utona 20112. Ne14.740.11.1166).

OnTuMn3anus rabapuToB KOCMHYECKOil s1/1epHOil JHepreTuYecKo
YCTAHOBKH ¢ KPeCTOOOPA3HBIM X0JIOIHILHHKOM-H3JIydaTeIeM
I'ykano A.A.

PKK «3neprus», r. Koponés

OI[HI/IM N3 OCHOBHBIX BapHaHTOB 3Heproo6ecnequH${ TMEPCHCKTUBHBIX
KOCMHUYECKUX MNEpeNEéToB SBISETCS NPUMEHEHHUE SIEPHBIX SHEPreTHYEeCKUX
ycraHoBoK (SI9Y). S0V npemocTaBisioT psix MPEUMYIIECTB IO CPAaBHEHHIO C
WHBIMH DSHEProyCTaHOBKAaMHM, TAaKHX KaK: KOMIAKTHOCTb, HE3aBHCHUMOCTBH
TIOJIOKEHHST KOCMIUYECKOTO ammapaTa Ha opouTe u mp.

B 10 xe Bpems ncmoms3oBanue SOV Tpebyer pemeHns psga HaydHO-
TEXHHYECKHX TpoOneM. Vcronb3oBaHHE PEaKTOPHBIX YCTAaHOBOK Haslaraer
psIl OTpaHHYCHUH, HampuUMep, HEOOXOOMMO O0ECHEeYHBATh PAIUALMOHHYIO
0€301acHOCTh TOJIE3HOTO TPy3a M BCEX CHCTEM TPAHCIOPTHOTO CPEICTBA.
IIpoOnema pammannoHHON O€30MACHOCTH PEIIaeTCs KOMIUIEKCOM Mep,
OCHOBHBIMHU U3 KOTOPBIX ABJIAOTCA:

- YBEJIIMYEHHE PACCTOSHUS MEXIY PEaKTOPHOW YCTAaHOBKOW U IMPOYUMHU
QJIEMCHTAMU KOHCTPYKIUHU TPAHCIIOPTHOTO CPE€ACTBA C MOMOIIBIO CHCTEMbI
Ppa3/BMKEHHS;

- UCTIONIb30BaHHE TEHEBOH PaHalliOHHON 3aIlUTEI.

B DY wumeercs cucrema npeoOpa3oBaHMs TEIUIOBOM DJHEPIHMU B
UEKTPUUECKYIO IO TEPMOAWHAMUYECKOMY LUKIYy. B CBA3M ¢ 3THM BTOPHIM
OTpaHWYECHHEM TIpH TnpuMeHeHHMH SOV  saBusercss HEoOXOAUMOCTH
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UCIIONIb30BaHMsl XOJIOMIIbHUKA-U3IIydaTensl JUIs cOpoca B KOCMHYECKOe
IPOCTPAHCTBO HEOTPAOOTaHHOMN 3HEPTHH.

B pabore mnpoBemeHa onNTUMH3AaLUUSA OCHOBHBIX MaccorabapUTHBIX
XapaKTepUCTUK PaJUallMOHHOM 3alUThl U CUCTEMBI Pa3ABMKEHUS C LIENbIO
MHHUMU3ALUA rabapuToB A9Y. Paccmotpena KOHCTPYKLIMSI
KpecToo0pa3HOro XOJMOAWIbHUKA H3mydaTens (XI), moka3aHbl JOCTOMHCTBA
U HeOoCTaTKU Takoro XM mo cpaBHEHHWIO C IUIOCKUM ABYyCTOpoHHUM XMU.
[IpoBenena onTUMu3amys OCHOBHBIX mapameTpoB XM ¢ memsio
MUHUMH3AIHAN MaccorabapUTHBIX XapaKTepucTuk SA0Y.

IIpoBepka 3/IeKTPOMATHUTHOM COBMECTUMOCTH 3JI€KTPOPEAKTUBHOIM
JBUTaTeJIbHOIH YCTAHOBKHM € CHCTEMOii 3JIEKTPOCHAGKEHUSI ¢ MOMOIIbIO
3J1eKTPOIMHAMHYECKOT0 HMHTATOPA TATOBOr0 MOXYJIs
Jlecnerckuii B.A., Cokomnor B.B.

OKBb «®aken», r. Kanununrpan

OnHMM U3 IpeJHa3sHAUYCHUH 3JEKTPOJUHAMUYECKOI0 UMUTATOpa TATOBOTO
Monyns (DAWTM) sBisercss COBMECTHO C CHUCTEMOM NpeoOpa3oBaHMs H
ynpasnernust (CIIY) yuyactme B Ha3eMHBIX NPOBEPKaxX 3IEKTPOMArHUTHOU
COBMECTUMOCTH B YacTH OIpPEIENCHUS HHU3KOYACTOTHBIX KOHIYKTHBHBIX
oMeX ¢ cucteMoi anekTpocHadxkerus (CIC).

Pa3psaHbIii Tok cTarmmoHapHOro mwiasMeHHoro asurarters (CIL) comepxut
MOCTOSHHYIO M ITIEPEMEHHYIO COCTaBISIOIIME. THIOBas IepeMeHHas
cocTaBisfonias (koysebaHus pa3psaJHOTO TOKa) MMEET HeperyJIsIpHbIN
LIYMOBOU XapakTep C ApKO BBIPAKEHHOM LIEHTPAIbHON YaCTOTOM CIEKTpa Ha
yactoTax oT 20 no 30 kI’ npu mmpuHe noyockl 9acToT 1no yposHio 0,7 oT 2
mo 12 k[, koropas MOXeT HaBecTH B KabempHOUW cetm KA
9JIEKTPOMArHUTHBIE TIOMEXH, CIOCOOHBIE NPHUBECTH K cO0OsIM B padoTe
OOpPTOBBIX CHCTEM.

3amaua mnpoBepkn OMC pomKHA pemaTbCcs NPOBEJCHHEM OTHEBBIX
WCTIBITAaHUH 3JIEKTPOPEaKTHBHOM JBUratenbHod ycrtaHoBku (OPY) B
coctae COC KA [1], uro, yuntsiBasg ocobenHOocTH dKciuryaramun CI1J]
(BakyyM), CONpSDKEHO C OTHOCHTENFHO OOJBIIUMH  TEXHHYECCKHMU
TPYAHOCTAMH W MaTepHaidbHbBIMH 3aTpaTamu. OJUTM, wumuTHpyroumii
paspsanyo 1ens CIIJI, Oyayun mnoaxmoueHHbiM kK CIIY B HazeMHOM
ucneITaTenbHOM KoMIuiekce BMecTo CII/I, mo3BosiseT pemuTh 3Ty 3a1ady co
3HAYUTENbHO MEHBIIMMH 3aTpaTaMH, TaK KakK I103BOJIIET HMHUTHUPOBAThH
JNEKTPUUECKUE XapaKTepUCTHKH paspsaHoro mnpomexyrtka CIIJ, mo
BEIMYMHE U YaCTOTHOMY CIIEKTPY COOTBETCTBYIOUIETO pa3psAAHOMY TOKY
peansHoro CIL.

Jlis mccnenoBaHusl BIMSHUA TApa3UTHOW €MKOCTH KaTyIIeK MarHUTHOHN
cucremel (MC) B DJAWUTM mnpenycMOTpeH BBIBOA KOpPIyca MarHUTHON
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CUCTEMBI, IIPUYEM Ha HEM NPUCYTCTBYET IOTCHIMAJ, WMUTUDPYIOLIUI
TUTABAIOIIHI TTOTEHIINAN, BO3HUKAIOIINI Ha Kopryce padoTaromiero CI1/I.

B noknane paccmoTpeH xapaktep kosebaHus paspsgHoro toka CITJI, c
MMUTHPOBaHHBIA ¢ momoupto OJIUTM, u ompeneneHsl MakCHUMalbHbIE
YPOBHH CO3/1aBa€MbIX HHM3KOYACTOTHBIX KOHIYKTHBHBIX IIOMEX BO BCEX
peXUMax pabOTHI ANEKTPOIMHAMHYIECKOTO UMUTATOPA TSATOBOTO MOIYJIS.

Hccaenosanne BIMAHUS NapaMeTPOB M TONOJOTMH MATHUTHOIO MOJIS
nepudepuiiHoii 30HbI CTANMOHAPHOIO MJIA3MEHHOI0 ABUIATEJIS HA
3 PpexTUBHOCTH PadOThHI KATOAA-KOMIIEHCATOPA
I'auzpop P.1O., Murpodanosa O.A., Hecrepenko A.H.
OKb «®AKEJI», r. Kanununrpazg

HccrnenoBanoch BIMSHHE XapaKTEPUCTHK (MTapaMeTpoOB W HMHIYKILIUH)
MarautHoro nonst CIT/] tunma CIT/I-100 Ha 3¢ ¢peKkTHBHOCTE pabOTHI KaToa-
KOMIIEHCATOpa MpU ero (UKCUPOBAHHOM TIOJIOKEHUH W TEepeMEIIeHHN
OTHOCHTEJIFHO aHOJHOTO OJioKa. XapakTepUCTHKM MAarHUTHOTO — TIOJIS
OTIPEAEISUINCE TI0 PEe3ysbTaTaM pPacueToB C HCIIOJIB30BAHHEM TPEXMEPHOU
MOJIETT MarHUTHOHM CUCTEMBI IBUTATeNsL. B X01€e nccinenoBanus B pe3yibraTe
CPaBHHTEIBHOTO aHAJIM3a PACUCTHBIX M OKCHEPHUMEHTAIBHBIX JaHHBIX,
momydeHHbIX mpu  ucneitaHmsx  CIIJA-100, BeIisBIeHO BIMSAHHE Ha
3¢ ¢GeKTUBHOCTh pabOTHI KaTOJa-KOMIEHCATOpa HE TOJNBKO TOIIOJIOTHH
MarHUTHOTO TIOJII, HO M BEIWYHMHBl MAarHWTHOM MHAYKIMH B 30HE €r0
pa3merienus. HaOnromaercsi Koppessiiusi MeXIy HM3MEHEHUSIMH HHIYKIHA
MarHUTHOTO TI0JI B MECTE PacHoiI0KEeHUS KaToa U IapaMeTpaMy ABUraTess.
Omnpenenena nomycTuMmasl Ui OO€CHEYEHHs] BBICOKMX HHTErPalIbHBIX
XapaKTepUCTUK U TpeOyeMoro pecypca MHAYKIHS MarHUTHOTO TOJIS B 30HE
€ro pasMmeleHus, kotopas He mpesbimaet 30 I'c.

MaTteMaTHYecKOe MOAeTNPOBAHKE NOTOKA Pa3PAKeHHOMH IIa3Mbl
HCTEeKAKIIero U3 NpsiMOYroJbHOro comna JPJ]
MopozoB A.B., Korensaukos M.B.
MAMWU, r. MockBa

IIpoBeneHO 4YHCIEHHOE MOJEIMPOBAHME IMOTOKA KBa3MHEHWTpaJIbHOU
IUIa3MBbl, UCTEKAOLIEH U3 COIUIA IUIa3MEHHOrO JBUrareis. PaccmarpuBanach
reomerpuyeckas GpopMa coruia B BHIE YJIMHEHHOW MPSIMOYTOJIBHOM ILeny,
YTO TO3BOJMJIO CYUIECTBEHHO MOHHM3UTH Pa3MEPHOCTh 3aJauu. B gaHHOM
clydae  3aJaya  4YCeTBHIpEXMEpPHOH B (a30BOM  MNPOCTPAaHCTBE U
HecTalMoHapHas. VccnenoBaHo BIMSHHE TEMIIEpaTypbl U CKOPOCTH CTPYH,
KOHIICHTPAIMU 3apsDKEHHBIX YacTWI] M JUIMHBI COIUIa Ha  (DYHKIIHIO
pacmpeereHns YacTHIl B YCTAHOBUBIIIEMCS peXKUME 1 MOMEHTHI (-p.

[TonHas cuctema ypaBHEHHH B JaHHOM CIy4yae BKJIHOYAET KMHETUUYECKUE
ypaBHeHHA (ypaBHeHHS Biacosa), nonoiaHeHHbIe ypaBHeHHEM [lyaccona mis
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CaMOCOIJIACOBaHHOTO 3JeKkTpuueckoro mousisg [1]. Mcreyenue mmasmel U3
COILIa MOJEIHMPOBAJIOCH IyTEM pELICHHs JaHHOW CUCTEMBl YPaBHEHMM IIpU
MIOCTAHOBKE COOTBETCTBYIOIIMX TPAaHUYHBIX YCIOBHH Ui  (YHKIHMA
pacnpeseneHus 3apsbKeHHBIX 4acTHUI] Ha ero cpes3e. B kauecTBe HadyaabHOTO
pacrtipezesnenust ObUI0 BRIOpaHO PaBHOBECHOE pacmpernesieHne MakcBesia co
CABUTOM Ha BEIMYMHY HANpPABICHHOM CKOPOCTH TIOTOKA IUIa3MBI,
HCTEKaloIei n3 cora.

MogenupoBaicsi TEepexXOAHBI MpPOLIecC OT HadaJbHOTO K KOHEYHOMY
CTaI[IOHAPHOMY COCTOsSHMIO. Ha Kakgom mmare 1o BpEeMEHH ypaBHEHHE
[Iyaccona pemanock MeTo0M KOHEYHBIX pasHocTeir (FDM) ¢ rpaHHYHBIMEI
ycnosusimu upuxie w/nnn Heiimana, a as pernenuii ypasHeHuii Biacosa
UCIIONB30BaNack sBHasg cxeMma Merona KpymHbIX udactun FO.M. JlaBbinoBa,
JIOTIOJTHEHHAS AITOPUTMOM BBIUUCIICHUS CaMOCOITIACOBAaHHOTO
JNIEKTPHUUECKOTO TONsT Ha KaxkaoM BpeMmeHHoM 1mare [1]. Pacuer
MPOAOIDKAJICA [0 YCTAaHOBJICHMS CTALMOHAPHBIX 3HAUEHHH IapaMeTpoB
II1a3MBI B CTPYE U €€ OKPECTHOCTH.

B pesynpraTe pacueToB OBLIM IIOJNyYEHBI IIOJISI CKOPOCTEH HOHOB H
9JIEKTPOHOB, KOHIIEHTPAIMM 3apsDKEHHBIX YacTHII M CaMOCOTJIaCOBAHHBIX
IEKTPUYECKHX MOJIEH TP PA3TTMYHBIX TPAHIMYHBIX YCIOBHUSX.

Komenvruuxoe B.A., Kum B.I1., Komenvuuxoe M.B. Bzaumooeticmeue mein ¢
nomoxamu paspesicennoul naasmol. M.: H30-60 MAH, 2010, 186 c.

AOJSINMOHHBIA UMITYJILCHBIH I1a3MeHHbIH ABUraTeas (AUIII) ¢
pa3aeqéHHbIM MeXaHU3MOM MOHHM3AINHU U yckopeHusi PT
Boratsiit A.B., IpsaxonoB I'.A., Heuaes 1.JI.

MAMU, r. MockBa

OcBOeHHE KOCMHUYECKOTO IPOCTPAHCTBA C KaXKABIM IOJIOM CTAaHOBHUTCS BCE
Oosee  BocTpeOOBaHO s  OOECTEUEHHS PA3IMYHBIX  YEJIOBEUECKHX
norpebHocTe. B CBs3M ¢ YeM BO3HMKAaeT HEOOXOIMMOCTh B HOBBIX
kocMuueckux  ammapatax  (KA), ocHam@éHHBIX  COBPEMEHHBIMH U
BBICOKOA()(PEKTUBHBIMU J[BUTaTENbHBIME ycTaHOBKaMu. st HeOompmmx KA
(mo 200 xr) Hambouee nenecoodpazno npumenenne ANIIJ] Tak kak OH UMeeT
MaJTy0 MaccCy ¥ BBICOKYIO HaIEKHOCTb.

Haubonbiiee pacnpoctpaneHne B Hacrosimee Bpems umeor AUWII
OJTHOCTYTIEHYATOH CXeMbl (KOaKCHaNbHbIE M PEJIbCOTPOHHBIC). YCKOpEHHE
IUIa3BMEHHOI'0 MMOTOKa B HHUX OCYHICCTBJIIACTCA FaSO}IHHaMH‘ICCKOﬁ )51
JJIEKTPOMArHUTHOH CWiIaMH. Y OTHX [BHraresieii B OJIHOM pa3psaHOM
KOHTYpE COBMEIIEHBI JI03UPYIOIINE U YCKOpsIomne (QYHKIMH, OHAKO TaKoe
YCTPOMCTBO HE TMO3BOJSIET CYLNIECTBEHHO IIOBBICHTh KaKOH-mnbo U3
napameTpoB AUIIJ], HE yXyIIIKUB OCTaJbHBIE.

AJBPTEpHAaTHBONH  OJHOCTYNIEHYATOM  CXeMe  JBWTATeNsl  SIBISETCS
IByXcTyneH4artas. PasmenbHast pa0oTa JO3HMPYIOIIETO W YCKOPSIOILIETO
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pa3psIHBIX KOHTYpPOB OTKPHIBAET BO3MOXKHOCTH MJISI PETYIMPOBAaHUS U
TOBBIIICHHUS] TATOBBIX M YAEIBHBIX XapaKTEPUCTHK, TaKUX KakK TATOBas
3G PEKTUBHOCTD M yIETBHBIA UMITYJIbC TSTH.

IIpn paspaborke nByxcrynenuaroro AUWIIJI B wu3BecTHy0 cxemy
JBHUTaTesss ObIM BHECEHB H3MeHeHHs. Karon y paspsaHbIX KOHTYpOB
(mo3mpyromero M ycKopsmwImero) caenamd obmmM. B paspsmHoM KaHaie
pearn30Balii CXeMy «KaHaJ B KaHAJe).

CoznanHas 1aboparopHas MoAens apyxcryneHuaToro AU/ HaxomuTces B
CTaIuM IKCIEPUMEHTAIFHOTO MCCIEIOBAaHUSA. AHAIN3 MOJYYSHHBIX TaHHBIX
CBUJICTEIILCTBYET O MOBBIMICHHH TATOBOH A(PQPEKTHBHOCTH H YIEIHHOTO
UMIOyJbca TATH. B HacTosmee BpeMs OCHOBHOW NpoOIeMOil sBiseTCS
paszeneHue CTaauil pa3psaIHOro mporiecca.

Msbl mpopoibkaeM padoTy IO YCOBEPIECHCTBOBAHHIO JIBYXCTYIIEHYATOT'O
AUII. OcHOBHas IeJb - CO3JaHHWE MPOTOTHMA JETHOrO obOpasiia, s
BO3MO>KHOTO TIOCNIEAYIOUIETO MPAKTUYECKOr0 MPUMEHEHHUS.

H3yyeHne yca1oBHiil yCKOpPEHHS HOHOB B TeJIAKOHHOM JIBHIaTeJsIe
Baswma K.B., Kpanskunaa E.A., Hexmmonosa I1.A., ITaBnoB B.b.,
ITerpos A.K.

MI'Y, r. MockBa

B Hacrosmeil paboTe paccMaTpHBAIOTCS OCHOBHBIE 3aKOHOMEPHOCTH,
OOHapy>KEeHHbIE B XOJA€ HCCIENOBAaHMS TEIMKOHHOTO paspsiia C LeJblo
pa3paboTKU IPOTOTHIIA ABUTATEIIS HA €T0 OCHOBE.

I'enUKOHHBIA JBHraTelb pa3padaThIBaeTCd C IEJIbI0 MPUMCHCHHS B
JaTbHUX KOCMHUYECKHX TMOJNeTax M Ul IOJJEPXKaHUs TeOCTallMOHAPHOM
OpOUTHI CIIyTHUKOB CHCTEM CBSI3U. BBIOOp JaHHOTO ABUTATENS MPOJUKTOBAH
MIPEANoaraeMo SKOHOMHUYHOCTBIO U JUIHTENBHBIM CPOKOM  CITY’>KOBI.
[MomoOHbIE XapaKTEePHUCTHKH OYAyT SBIATHCS PE3YJBTaTOM OTCYTCTBHS
HEMOCPECTBEHHOTO KOHTaKTa IUIa3Mbl C HWHIYKTOPOM WIH JIPYTHMH
JKM3HEHHO Ba)XKHBIMH JJIEMEHTAMH [IBHTaTels. B TO jke Bpems mpocras
KOHCTPYKILMS, HU3KHH PAcXoid TOIUIMBA M BO3MOXKHOCTH HCIIOJIB30BaHUS B
KadecTBe pabovero Teja pa3iNWYHBIX BHIOB ra3oB JENalOT MOJOOHBINA BEIOOD
KpaifHe IPUBJICKATEIBHBIM ISl BBIIIE 0003HAYEHHBIX KOCMHYECKHX MOJICTOB.

B kauecTBe STamoB peanM3alMd IOJOOHOTO pOAA ABUTATENS MOXKHO
BBIACIUTh CHEAYIOIIME: CO3JaHHE IUIOTHOM IUIa3Mbl W IOJNy4YeHHe
MaKCHMaJIbHO YCKOPEHHOTO MOHHOTrO my4ka. C 3TOH 11e1bl0 ObUIN MU3Y4YEHBI
3aBUCHMOCTH SHEProBKJIaJia OT BHEIIHHUX YCJIOBHH (TaKuX, KaK pacxon rasa,
KOH(UIypalMy BHEIIHETO MAarHUTHOT'O IIOJISI M THIIA MHAYKTOpPA), a TaKxke
SHEPru¥ MOHOB OT KOH(UIypaluu paspsiia ¥ BHENIHUX MarHUTHBIX TOJIEH,
mepemnana AaBJICHUS U BKIAJbIBACMON MOIIHOCTH. B KadecTBe Mephbl OLCHKH
s¢dexTrBHOCTH TOrTOmMEHNs BY MOIIHOCTM MIa3MoO#i  MCHONB30BAICS
mapaMerp, IO3BOJSIFOLIMH OOBEKTHBHO OINpPEACIUTH O5TO, a HMEHHO
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9KBHUBAJEHTHOE COIPOTHBICHHE IU1a3Mbl. C MOMOILIBIO 3TOro Iapamerpa
MOXHO TaKXe OOBEKTHBHO CPaBHUBATH MEXKIY COOOW MCTOYHMKHU IIJIa3MBl,
HCMOJIB3YIONINE B KauecTBe pabodero mpolecca pasindHble MOAU(PUKAINH
BY paspsima. B kavecTBe NOMONHHUTENBHOTO HCCIEIOBAHUS OBUTH H3Y4CHBI
3aBHCUMOCTH CIIEKTPAIBHBIX XapPaKTePUCTHUK pa3psla B 3aBHCHMOCTH OT
MOIIHOCTH T€HEPaTopa.

J1si yCKOpEHWsI HOHHOTO IMy4YKa KCIIOIb30BAOCh (HH3UYECKOE SIBJICHHUE,
MONy4YHBIICE Ha3BaHHE «IBOWHOTO CJOS». OTO MPOCTPAHCTBEHHBIH
NOTEHIMAN, O0pasymoIIMiics Ha Cpe3e MABUraTeis, [pU HOMELICHHUH
MOCJIEAHET0 B PACXOIAIICECS MaTHUTHOE oJie. B X0/1e 9KCIIepHMEHTOB ObLITH
U3YYCHBl pa3IU4YHble KOHQUIypamuW TMOJeH C IeNbl0  HaXOXKACHHUSI
ONTHMAIBHBIX  MapaMeTpoB, MO3BOJSIOIIMX  Hauboiee  3(hPEeKTHBHO
MIPOU3BOJUTH YCKOPEHUE HOHHOTO ITy4Ka.

I'udpuaHblii n1a3MeHHbIH ABUraTe b MaJioi MouHocTH IlnaC-40
INonanuyk B.B., ITotanenko M.IO.
OKb «®AKEJI», r. Kanununrpazg

[IpencraBneHsl  pe3ynbTaThl  WCCICMOBAHWH 1O  ONTHMHU3AINH
KOHOQUTYpaIi pa3psATHOH M MAarHUTHOW CHCTEM HOBOH pa3HOBHIHOCTH
1a3MeHHoro nBurarenss Mopo3oBa [1] - ruOpHAHOTO IJIA3MEHHOTO
neuratens (I'TI/]) mamoif MOIIHOCTH C IETBIO MOBBIMICHUS 3(P(HEKTHBHOCTH
ero paboTHI.

OCHOBHOM OTJIMYUTENBbHON 0C00eHHOCTRIO Takoro ITIJI sBaseTcst ero
KOMOMHUpOBaHHast paspsinHas kamepa (PK), y kotopoii BeIxomHas uacTh
o0pa3oBaHa IUAICKTPUYCCKUMHU KOJBIIAMH, TOTJa Kak ¢€ JOHHas 4YacTh
MeTayuThdeckas, 00pa3oBaHHas 3a CUET CTEHOK IPUMBIKAIOUIETO IIOJIOTO
MarHUTOIPOBOJISIIETO aHOAa-Ta3opacipeaenuTes [2].

UccrenoBanmst mpoBomwmick Ha mnpororune [TI]] TImaC-40 (c
CepeAMHHBIM JUAMETPOM YCKOPHUTEIBHOTO KaHama &40 wmMm) wmanon
morHOoCcTH 200...400 BT 15 HU3KOBOJNBTHEIX PEXXUMOB padoTsl oT 100 mo
280 B.

B pesymprare wucCIeNOBAaHHWU OMPEACICHO BIMSHHEC KOHQUTYpAIUH
paspsagHoit kamepsl (PK), a Takke pa3nuyHBIX crOCOO0OB momayn pabodyero
tena B mojocTs PK I'TI/]. Onrummsanys KOHQHUTYpanuyu MATHUTHOW CHCTEMBI
MO3BOJIMJIA CHU3HUTh MTOTEPH B MATHUTHOM KOHTYPE, YIIYUIIUTh JIOKATA3AIIUIO
pabodero MarHWTHOTO moJiss BOJM3M cpe3a PK, 4TO MO3BOJMIO TOBBICUTH
YPOBCHb YCIBHBIX MMAPAMETPOB U XapaKTEPUCTHK, BKIIOUYAs d3(PPEKTHBHOCTD
I'TIA B uemom.

Ucnprranus [T [1naC-40 npoBoauiuch Npu HanpsbkeHUsX paspsiaa 160
u 200 B B pgmamaszoHe pacxomoB KkceHoHa oT 1,25 mo 2,00 Mr/c B
TOPU30HTAIFHON BaKyyMHOU KaMepe TIpH THHAMHYECKOM JIaBICHUU He Oolee
1,2%10™ mm pr. cT. (110 BO3MYXY).
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Hocturnyteie ocHoBHble mapamerpsl [1IJ[ IInaC-40 mnpuBeneHsl B
Ta0JInLe.

Ud’ Ga, F, KHI[

B mr/c mH Ly € /Ty Wl | o
160 1,25 14,1 967 0,73 0.87 38.0
200 125 16,7 . 115 0,74 0.88 44.0
Jluteparypa:

1. V.P. Kim. The main physical features of the Morozov’s type SPT and
Electric Propulsion classification // IEPC-2011-007, 32" International
Electric Propulsion Conference, Wiesbaden, Germany, September 11 — 15,
2011.

2. M.Yu. Potapenko, V.V. Gopanchuk. Characteristic Relationship
between Dimensions and Parameters of a hybrid Plasma Thruster // IEPC-
2011-042, 32" International Electric Propulsion Conference, Wiesbaden,
Germany, September 11 — 15, 2011.

H3MepeHne MMIyJIbca OTJA4YM MAKeTa YACTOTHOT0 UMITYJIbCHOI'O
JIa3MOreHepaTopa B MATHUTHOM HoJie
[lynanos U.®., Emnun P.B., Mopo3sos I1.A., 'unés A.C.
Wucturyt snexrpodusuku YpO PAH, r. ExatepunOypr

B pabote mpuBeneHB! pe3ynbTaThl M3MEPEHHH MMITyJbCa OTAAYM MaKeTa
YaCTOTHOTO HMITYJILCHOTO TIa3MOTEHEpaTopa ¢ SHEpPro3anacoM Ha BBIXOZE
10 0,5 JIx, momydeHHbIe IPY MPUIOKEHNH TTOTIEPEYHOT0 MarHUTHOTO TIOJIS K
MTOBEPXHOCTH pabodero Tema.

B skcneprMeHTe HCIONB30BAICS MalorabapUTHBIA TeHepaTop, AAroIIuid
UMITyJbChl HanpsbkeHus 1o 140 kB amurensHOCTHIO 50 HE ¢ yacToToi 1o 300
I'1, ¢ moMompI0 KOTOPOTO MPH BBICOKOBOJIETHOM pa3psijie B KOAKCHAIBHOM
TEOMETPUH 3JIEKTPOJIOB IO IMoBepxHOCTH (roporutacta PII-4 B Bakyyme
CO3/1aBaliC MOHHBIA ITy4yoK. VMIMIyJIbC OTAAaYM M3MEPSUICA MO OTKJIOHEHUIO
MUIIEHHU, YKPEIUIEHHOW Ha KPYTWJIBHOM MasTHUKe. V3MepeHue uMITyibca
naér 3nauenue 4,4*10 2 MxH*c Ha OJIMH pa3psAll U HE 3aBUCUT OT YacCTOTHI B
quana3zoHe 3 — 100 I'm. CxopocTh HOHOB B IIy4YKe U3MEPANACh C IMOMOIIBIO
unuHapa ®apanes ¢ MarHUTHOM CHCTEMOM MOAABJIEHUS BTOPUYHOU
3JIEKTPOHHOU SYMHUCCHH.

B uMIynscHOM mIa3sMOTEHEpaTope MPOMCXOAAT ABA B3aWMOCBSI3aHHBIX
mponecca — IIa3MO00pa3oBaHWE M YCKOPEHHE MONYyYCHHOHW IIa3Mbl B
00pa30BaHHOM DJIEKTPOJAaMHU yCKopuTeie. V3BEeCTHO, YTO MpHIIOKEHHE
MarHUTHOTO IIOJIl YBEJIMYHMBAET KOHIIEHTPAIMIO JJIEKTPOHOB B 00jacTu
IIa3MO00pa30BaHKs, 4YTO MOXET TMPHBECTH K Oojee HWHTEHCUBHOMY
00pa3oBaHMIO IUIA3Mbl M YBEJIIMUEHHIO MMITyJIbca Iydka. B nmaHHON pabote
MarHuTHOE MOJI€ CO3/aBaJIOCh C IIOMOIIBI0 TOPOUAAIBHOIO IMOCTOSIHHOTO
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MarHuTa auameTpoM 72*40 MM W TONIIMHOH 8 MM, BHYTPh KOTOPOIO
MOMeIIIAJICS KOJIBLIEBOM KaToA pa3psaIHOi KaMepbl KOAKCHAIbHOW FeOMETPHH.
[one mpuknanpIBaIOCh K MOBEPXHOCTH 00pa3lia MEepIeHINKYJSIPHO K HEH,
unaykius cocrapisiia 0,09 Tn. Umnynbsc oTnayu npu 5TOM YMEHBIIAETCS A0
3,4¥*10° wmxH*c, B To BpeMs KaK CKOPOCTh MOHOB B MaKCHMyMe
pacmpeneneHns HeCKOJIBKO BO3pacTaeT.

BeposiTHee Bcero, B HCHOJB30BAaHHOW KOH(HUTYpallMd MAarHATHOE TMOJE
W3MEHSCT TPAJUCHT KOHIECHTPAIIMA OOpa3yIoIMXCS B TPOILECCe JPO3UH
MTOBEPXHOCTH AJIEKTPOHOB B IUIOCKOCTH, YMEHBIIAs MX KOHIICHTPALHIO B
KaHaJax MHTEHCHBHOTO pa3psjia, 4YTO IMPUBOJUT K HEKOTOPOMY YMEHBIICHHIO
MTOJTHOTO TTOTOKa MOHOB. B Hacrtosmmee BpeMs NMPOBOAATCS AKCHEPUMEHTHI C
JPYTAMHU KOH(PUTYpaLUIMH MarHUTHOTO TIOJIS C II€IbI0 BBISSCHEHHSI YCIIOBUA,
MIPU KOTOPBIX UMITYJIBC OTJIA4YM YBEITMUNBASTCSI.

Pabora BeimonHeHa npu puHaHcoBOM moguepxke PODU, rpant Ne 11-08-
01003.

Oco0eHHOCTH BO3/1elicTBHSA MIa3MeHHBbIX cTpyil P/ Ha
KOMIIO3MIINOHHBIE MATEPHAJIBI
Hammpamze A.b., Paxmatymua P.P., [llanomunkos B.B.
MAM, r. Mocksa

B HacTosimee BpeMs KOMIIO3WIIMOHHBIE MAaTepualibl HaXOIAT IIHPOKOE
MIPUMEHEHHE TIPU W3TOTOBJIEHUN O00Pa3lOB PaKETHO-KOCMHUYECKOH TEXHHUKH.
B uacTHOCTM, MHOTHME KOHCTPYKTHBHBIE D3JIEMEHTHl aBTOMATHYECKUX
kocmuyeckux ammapaToB (KA) wu3roraBiamMBaioTCs € HCIOJIB30BaHHEM
yIJEIIacTUKOB. B cBor0 ouepenb, MOBHIIIEHHE TPeOOBaHWHA K II€JIEBHIM
XapaKTepUCTUKAM U 3HEProBoopyxkeHHocTH KA mpu Hannuuu orpaHuYeHHH
Ha MaccoBO-Ta0apHUTHBIE XapakTepuCTHKH KA NpPUBOIUT K CyIIECTBEHHOMY
“YIUIOTHEHHIO” KOHCTPYKTUBHO-KOMIIOHOBOYHBIX CX€M COBpPEeMEHHBIX KA,
YT0 OOYCIIaBIMBAacT IIONMAJAHWE psifa KOHCTPYKTUBHBIX 3JIEMEHTOB
KPYIMHOTA0ApPUTHBIX  TPAaHC(OPMHUPYEMBIX CHCTEM TIOA  BO3JCHCTBHE
Ia3MeHHBIX cTpyid OPJl, mpuBomsmiee K paclbUICHHIO MAaTEPHANIOB HX
TIOBEPXHOCTEH.

B cBs13u ¢ 3TUM BO3HHKAET HEOOXOIUMOCTh TIOBBIIIEHHUS TOYHOCTH OILICHOK
9PO3UOHHO-3arPS3HAIONIET0 BO3ACMCTBUS TuTasMeHHBIX cTpyid OPJl Ha KA
MOCPE/ICTBOM y4eTa «TOHKUX» 3((eKToB, XapaKTepU3yIOUIHMX IPOLECCHI
pacIbUIeHUsT MAaTepualioB, TaKUX KaK BiMsHHE (IIOCHCA, WHAWKATPHUCHI
pacnbUIEHHs], aHU30TPOIIMH CBOMCTB MaTE€PUANOB H IIp.

VYcTaHOBIEHO, UTO AN TOJNYy4YeHHs JAHHBIX [0  PACIBUICHHIO
KOMITO3MIIMOHHBIX MaTepHajoB HEOOXOIUMO CTPOTO BBIIOJIHATH MHOXECTBO
OTPAaHWYCHUH Ha MapaMeTPbl 3KCIEPUMEHTa W IPOBOAWTH TIIATEIHHYIO
METOIUYECKYIO TIOITOTOBKY.
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B nanHoii pabore oTpabaThiBaiach METOAMKA WCIIBITAHUN YIJIEIUIaCTHKA,
U3TOTOBJICHHOTO HAa OCHOBE YIJIEPOJHOTO JKI'yTa, CTEKIOHUTH U
OpraHUYecKoro cpssymomero. Ha BHemHell MOBEPXHOCTH YyIJeIIacTHKa
HaXOJWUTCS 3alIUTHBIN CJ0H, TommmHOW oKkomo 20 MKM, 0Opa3oBaHHBIN
TOHKHUMH CTEKISTHHBIMH HUTSIMH, YJIIO)KEHHBIMHU B OJTHOM HallpaBJICHUH.

OKCIepUMEHTATBHO OTIpEAEIICHBI 3aBUCHMOCTH koo purmenrta
pacIbUIEHHs YIJIEIUIaCTHKA OT MOHHOTO (UIIOCHCA M yIWia MaJeHUs HOHOB.
OOHnapyxeHa cuIbHas 3aBUCHMOCTh KoddduimeHra pacmbuieHHs OT
OPHEHTALlMM BOJIOKOH YIJIETIACTHKA OTHOCHTEIBHO HANpaBICHUS MOTOKA
mia3Mbel. Taroke Obia oOHapykKeHa CHJIBHAs THTPOCKOIMYHOCTH 00pa3IoB
yTJIEIIacTHKa, pa3paboTaHa METOAHMKAa 00e3raXMBaHWSA C OZHOBPEMEHHBIM
OIIpeNIeNIeHUEM «CyXOil» Macchl 00pa3IoB, 3HaAYeHHE KOTOPOH UCIOIb3yeTcs
IIPHY OTIpEIeJIEHIH MTOTEPh Macchl, 00yCIOBICHHBIX BO3/IEHCTBHEM IIa3MBl.

DJieMeHTbI POOOTOTeXHUKH B COBPEeMEHHBIXITHIO0THPYeMbIXCHCTEMAX H
KOCMHYeCKHX AIePHBIX 31eKTPOIHEPreTHYECKUXYCTAHOBKAX ¢ 00JIbIINM
pecypcoM aBTOHOMHOTO (PYHKINMOHMPOBAHUS
Camopnenos J1.B.

KypuaroBckuid UHCTUTYT, I. MOCKBa

B HazBaHuMm pabOTHI COEOMHEHBI [1Ba OYEHb PA3HBIX W3EIHSA,KOTOPHIC
00BenuHIeT OHO TPeOOBaHUE — IO BO3ZMOKHOCTH MaKCHMAJIEHO OCBOOOINTH
9KUMaX OT KOHTPOIS 3a COCTOSHHMEM pabotatomeil TexHukH.Cucrema
KOHTPOJIA AOJDKHA CaMOCTOATCIIBHO TIIPUHHUMATh pPEHICHUE U C006H18.TI)
9KUIMAXKY O COCTOSIHUU H3ENHSL.

Buzyanuzanyst Ip# MOHHTOPHHTE IMPOIECCa — 3TO MOILIHBIA MHCTPYMEHT
BBISIBJICHUS] 3aKOHOMEPHOCTEH 3aJI0KEHHBIX B M300paskaeMble 00pasbl. JTO
OCBOOOXJIaeT TaHeNb YIpaBIeHHS OT 3HAYNTEIBHOTO  KOJMYECTBA
CUTHAJIBHON MH(OPMAINH OTBJICKAIOIIEH MUI0Ta OT paboTHI.

JucTaHIIMOHHO YIPaBIATbaBTOHOMHO paboraromeitKAD Ynpu
BO3HHKHOBEHHH  Pa3IMIHBIX AHOMAaJIBHBIX COOBITHI JIOBOJIBHO
npobrematnyHo. bt paspaboran mpuHIKT pabOTH YCTPOHCTBA yIIPaBICHHS
n3ZienueM ¢ OOJBIIMM pEcypcoM AaBTOHOMHOTO (DyHKIMOHHpOBaHHSA Ha
KOTOpBI ObUTa momaHa 3asBka Ha wu3oOpereHume (Per.Ne 20101461220t
12.11.2010 rona).

CoBpeMeHHBIE CJIOKHBIE W aBTOHOMHO (YHKIMOHUPYIOUIME W3ICIIHs
Tpe6yIOT 1 CJIOXKHBIX CUCTEM aBTOMATHYCCKOT'O YIIPABJICHUA.

3amaua CBOJUTCS K repexo.y oT KOHTPOJIS JIBYX
TOoYeK(MaKCUMyMHUMUHUMYMIIapaMeTpa)k o00pa3y HYXHBIX 3HAUCHHI»)
napaMeTpoB(n> 3).

dopmupyeTcss HECKOIBKO CHCTEM aBTOMAaTHYECKOTO PeryJHMpOBAHMS
(CAP):
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e c OONBIIMM  YHUCIOM KaHAJOB  pETyJUpOBaHMA U  CHCTEMOH
pacyeraHan0ojiee ONTHUMAIbHOW BEIUYUHBI BO3MYIICHHS IO KaXKIOMY
KaHaJly peryjJupoBaHMsA C y4Y€TOM KOPPENALUOHHBIX B3aMMOAEHCTBUN
MIPUBHECCHUH YIIPABIAIOMIMX BO3MYIECHUH MO KaXIOMY KaHaIy;

e cp3anmozelictBuemananorndubix CAP ¢ ydyetom oOpaTHBIX cBsizeil mpu
BHECEHHH YIPABJISIOMNX BOZMYIICHHUH.

ITo pesymbraram paboT B OSTOM HampaBlIeHWH T[IOJaHAa 3asBKa Ha
n3o0perenne(«Croco0 ynpasieHUs] 3HAUCHUSAMHE TIOJIST TEMITEPATyp H3eIHs,
HMMEIOLIEr0 MO JIMHE pabodyel 4acTH MepeMeHHOE Ioje Temreparyp»,Ne
2010150256 ot 08.12.2010 roza).

PacyeTHast MosieJIb 3PO3MH YCKOPSIONIET0 3J1eKTPOAA HOHHO-ONTHYECKOM
CHCTeMbl HOHHOTO IBUTATEs
Aorapsu B.K., Co6oip B.P., Uepkacosa M.B.
MAMU, r. MockBa

BaxneiimmM  y3moM  KOHCTpyKuuuM  MoHHOoro  asurarens (M),
OTIPEICTSIIONINM PECypC JIBUTATeNs B ILIEJIOM SBISETCS HOHHO-ONTHYECKas
cucrema (MOC). [lotokn noHOB mepe3apsaku 60MOapaUPYIOT MOBEPXHOCTD
yckopsiromzero smektponaa (Y2) MOC u BBIZBIBAIOT €ro 3po3uio. M3meHeHue
reoMeTpun YO paboThl ABUTATEISI IPUBOANUT K MCKAKEHHIO 3JIEKTPUIECKOTO
TIOJIsI, YCKOPSIOIIEr0 HMOHbI pabo4yero rasa, 4ro B HTOTE€ YXYIMIAeT CO
BpeMEHEM BakKHEHINHME XapaKTEepUCTHKH [BHUTATeNs B IEJIOM, TaKHE Kak,
HalpuMep, YAEIbHBIM HMIYJIbC, PACXOAUMOCTH OCHOBHOTO ITyyka HMOHOB U
T.I.

B pesynbpTaTe mpencTaBiIseMOro MCcIeloBaHHMA pa3paboTaHa pacueTHas
MOJIeNb, B KOTOPOM YHCIEHHO PEeIIaeTCs ypaBHEHNE 3PO3UH OBEPXHOCTH YO
IpY HMOHHOW OOMOapIMpOBKE €ro MOBEPXHOCTH IOTOKOM HOHOB
Tiepe3apsaKH.

VonHbII MOTOK MopmenupyeTcsi B BHAE IOTOKa MaTepHalbHBIX TOYEK,
CTapTYIOLINX C 9KBUIOTEHIIMAIBEHOH noBepxHocTH (DI1) mo HopManu K Hel B
HaIpaBJIeHUH 00paTHOM OCHOBHOMY HOHHOMY IIOTOKY, BbITeKaromemy u3 NJ]
c sHeprusiMu nopsinka 500 3B, onpenensiemMbIMH, B OCHOBHOM, IOTEHINAIOM
Y. TpaexTopnu HOHOB B JAaHHOW BEpCHH MPSAMOJIHHEHHBIE. B mampHeiimem,
MOJeNIb  IUIaHUPYeTCsl  JAOCTPOUTH  OJOKOM  pacdyera  JUHAMUKU
KPUBOJIMHEHHOTO JBMXXEHHS HOHOB B  JJIEKTPOCTaTHUECKOM  IIOJIe,
pPacCYUTHIBAEMOr0 C MOMOIIBI0 KaKOH-THOO M3 M3BECTHBIX IporpaMm. B
HaIlleM HCCIeI0BAaHNY IJIaHUPYETCs UCIOoIb30BaHue nakera nporpamm IGUN
(T'epmanmus).

[TnoTHOCT TOKa MOHOB IIE€pe3apsaKH 3aaeTcs OJMHAKOBOM Ha MCXOTHOM
SKBUIIOTEHIIMAIFHOH  TMOBEPXHOCTH W  ONpENesieTCsl  AIICKTPOHHBIMA

WIOTHOCTBIO Tte m TeMIepaTypoii B OOJACTH HMOHHOTO IOTOKa
HETMOCPEACTBEHHO 3a Y.
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IToBepXHOCTh B IPENCTaBISEMOM BEPCUU IIPOIPAMMBI MOJIEIMPYETCS B
Bugae mnpoduns  JlopeHma, W3MEHEHHEM  IapaMETPOB  KOTOPOIO
BEPU(HIIUPOBANIACH, HCXOJHAS OSKBHUIIOTCHIMATIbHAS IIOBEPXHOCTh, T.C.
3JIEKTPOCTATUUECKOE I0JIE.

Jnst 4McneHHOro pelleHdus YpaBHEHHsI 3PO3UM  TOBEPXHOCTH YO
HCTIOJH30BaNach YIIIOBBIE W SHEPreTHYECKHE 3aBHCHMOCTH KO3 QHUIHEHTA
pacmbUIeHHS S MaTepraia IOBEpXHOCTH. B pacuerax mcmoms3oBaics rpadur,
KaKk Marepual ¢ OJHUM U3 HaUMEHbIIUX S CpeAr TEXHOJIOTUYECKU
MOAXOASAIIUX MaTepUAIIOB.

Pe3ynbpTaThl pacdyeToB CpaBHUBAIOTCA C HKCHEPUMEHTaMH, B KOTOPBIX
HauOoJbIIas 3po3us YD MPOUCXOIUT B IIEHTPE CHMMETPUHU TPEYrOJbHHKA,
00pa30BaHHOTO OMKAWIIMMU JPYT K APYTY TpeMs OTBEpCTHS B YO MpH UX
IUIOTHOW YIIAKOBKE.

Flight Safety Analysis Tool for Space Launch Vehicle
Kyusung Choi, Jeonghwan Ko, Hyungseok Sim, Woongrae Roh
Korea Aerospace Research Institute (KARI), Korea

Risk analysis for the various abnormal flight modes in addition to normal
flight, has to be performed necessarily to guarantee launch safety for the
operation of space launch vehicles(LV). In addition, it is to estimate upper
bounds for expected casualty to the ground population and impact probability
for ship, aircraft and protected areas, which are adjacent to LV impact point
ground track.

Flight Safety Analysis System(FSAS) is a set of analysis tools that are
designed to utilize the process of risk analysis associated with LV. This
system includes the performance of trajectory analysis, malfunction turn
analysis, debris analysis, flight control line analysis, flight hazard area
analysis and debris risk analysis. It also allows for computation of casualty
expectation contour, aircraft hazard area and ship hazard area.

The aforementioned dedicated system has been developed such that all the
necessary repetitive computations, result reports, and graphical presentations
can be performed inside a single system for user convenience. The developed
system is also capable of representing computed results(such as debris impact
footprint, ship and aircraft hazard area) on a three dimensional Earth for the
realistic presentation and has a potential application in mission planning and
launch licensing.

HNHBepTOpPBI ¢ MHOI'030HHOM MOy s LM el
Anncumona T.B., Jaanmmmaa A H.
MAM, r. MockBa

y)’ly‘IH.ICHI/IG MaCCOFa6apI/ITHLIX u OHEPIreTUICCKUX ToKa3aTele
HWHBEPTOPOB A CHCTEM 3J'IeKTp00Ha6)KeHI/I}I JICTATCJIIBHBIX  aIllapaTtoB
175



TpeOyeT COBEpLICHCTBOBAHUS METOJOB (OPMUPOBAHUS  MMITYJIbCHBIX
HanpsOKeHW Ha BXojae cuioBoro ¢wibTpa. IloBblmieHMe KauecTBa
(dbopMHpyeMOro  HampsOKEHUS  XapaKTepH3yeTcsi  CHIDKEHHEM  €ro
koo dunmenta rapMoHuk. B nHBepTOpax B pexuMe cuHyconganbHoi LIIUM
(IIMM-CHH) mipu popMHpOBaHUN NBYX- WIA TPEXYPOBHEBOI'O HATPSDKEHUS
CYHIECTBEHHO MOBBIIIAETCS YacTOTa KOMMYTAlUH CHJIOBBIX KIIOYeH
MHBEPTOpa, YTO NPUBOAUT K YBEIMYCHHIO JUHAMUYECKHX IMOTEPh M, Kak
CJIC/ICTBHE, Ta0apUTOB U MAaCCHl HHBEPTOPA B [EJIOM.

MHoro3oHHast MOAYJISILISL c CUMMETPUYHOU PaBHOMEPHOI
JUCKPETH3allMel  IO3BOJIIET CHU3UTh 4YacTOTy HNEPEKIIOYEHH, dTO
obecieunBaer mosbmeHne KIIJ[ wHBepTOpa mpH 3aJaHHOM KadecTBe
BBIXOJTHOTO HaNpsDKEHUS.

Pexxum  MHOroszonHou crymneHyarod IIIMM B MHOTOYpOBHEBBIX
HMHBEPTOpaxX OCHOBAH Ha CPAaBHEHHUM CTYNEHUYATOI'0 MOIYIMPYIOLIETO CUTHANIA
C MMWIOO0pa3HbIMU CUTHAIAMH, YHCJIO KOTOPHIX Ha €IWHMILy MEHBIIE Ynciia
YpOBHEH CTyNEHYaTOro CHUrHaiga. MOMEHTBl MNEepeKIIYeHUs] CHIIOBBIX
TPaH3UCTOPOB BO MHOTOM OIPEAEIISIIOTCS BEIOOpOM criocoba (opMupoBaHus
MUI000Pa3HBIX CHTHAJIOB, K OCHOBHBIM M3 KOTOPBIX OTHOCATCS: CHH(A3HOE
pacrioyio)XeHHe BCEeX ITHIOOOpasHbIX CHTHAJIOB, CABHT IHJIO00Pa3HBIX
curHaioB Ha 180 rpamycoB, KoMOWHammsi CHH(A3HOTO pPACHOIOKCHUS
MUI000Pa3HBIX HANpPsDKCHUI Ha TOJIOKHUTEIBHOM MOIYHEPHOIE OCHOBHOM
TapMOHHMKH M TIPOTHBO(A3HBIM Ha €€ OTpUIATEeIbHOM mosynepuone. Jlis
MHOTOYPOBHEBBIX HHBEPTOPOB B PEXKHUME MHOTO30HHON MOIYJISILMU
nudpoBoe ynpasiieHHe TaeT UENbId Psifl MPEUMYILECTB.

[Ipy BBIYMCIEHUH MOMEHTOB IEPEKIIOUYEHHUS 3aMeHa CHHYCOHMIAIbHOTO
OMOPHOTO CHUTHAJIa CTYNEHYaThIM OOECIeYMBaeT HETPAHCIECHACHTHBIN
XapakTep ypaBHEHUI, O KOTOPBIM BBIYHUCIISIIOTCS MOMEHTHI NMEPEKIIIOYEHUH.
3TO CYHIECTBEHHO YIPOIIAET PEaNN3aIMI0 CXEMBbl YIpaBiIeHHUs HU(BPOBHIMUA
METOJaMHM,  IOCKOJIBKY  MOMEHTBI  IEPEKIIOYEHHS  BBIYHCISIOTCS
HEMOCPEACTBEHHO ¢ IOMOLIBI0 MUKPOKOHTPOJLIEPA.

VYBenndyeHne 4YHCIa YPOBHEW BBIXOJAHOTO HANpPSKEHHWS MPHUBOIUT K
YBEIIMYEHUIO 4YHCIA MOCTOBBIX MOJYJIE€H M HCTOYHHKOB IOCTOSHHOTO
HANpsDKEHMs, THTAIOIMKMX OTH Moaynu. Ilepexol K acCHMETpHYHOMR
JVCKPETU3aINH MTO3BOJIIET 00ECTIEYNTh 00JIee BEICOKOE KaUECTBO BBIXOHOTO
HanpspKeHusl 0e3 yBENMYEeHWs] 4YKCiIa MOCTOBBIX Moayinei. [lpu stom
(dbopMupoBaHHe THIOO0pa3HBIX HANPSDKEHWH, pPAaCCMOTPEHHBIX — BBIIIE,
ocTaeTcsd NPEeKHUM, MO0 TIO3BONAET TONYyYUTh TaKOE JK€ KauecTBO
BBIXOJIHOTO HANPSKEHUS, YTO U CUMMETPUYHAsl TOMOJIOTUS, HO IIPU MEHbIIEH
YacTOTe MEPEKITIOYSHHUS CHIIOBBIX TPaH3UCTOPOB, M, TAKMM 00pa3oM, CHU3UTh
MOTEpU Ha NMEPEKIIIOYEeHNUE.
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IIpoBepka  pacCMOTPEHHBIX  PEXKHUMOB IPOBEIEHA C  IOMOIIBIO
MOJICIUPOBaHMS, KOTOpOE IOATBEPIAMIIO IOJNyYCHHbIE TEOPETUYECKHE
pe3yJIbTaThl.

IIpuMeHenne MHOTOIEIEBbIX 3AMKHYTHIX Ia30TYPOMHHBIX YCTAHOBOK HA
KOCMHYEeCKHX annaparax U HaIUIAaHEeTHBIX 0a3ax
ApbekoB A.H.
MI'TY umenn H.3. baymana, . Mocksa

Hemnpro manHON pabOTHI SBIAETCS ONpelNeIeHne OCHOBHBIX OTPaHWYCHUH,
BO3HUKAIOIIMX  TIPU  HCIONB30BAaHUM  MHOTOLENEBBIX  3aMKHYTBIX
ra3oTypOuHHbIX ycraHoBok (M3I'TY) Ha kocMHuYeckHX OOBEKTaX U HUX
BIMSHHE Ha BBIOOpD OCHOBHBIX IlapaMeTpoB, pabodero Teila u
KOHCTPYKTUBHYIO cxemy M3I'TV.

M3I'TY npenHazHadeHBI IS JJIEKTPO-, TEIUIO- U (WJIN) XOJI010CHA0KEHHS
KOCMHUYECKOT0 O0BEKTa, B TOM YHCIIE U Ha KPHOTEHHOM ypoBHe. Kak BapuaHT
M3I'TY moxer OBITH HCIIONB30BaHA B KAauyecTBE OJHOIO M3 DJIEMEHTOB
KOMOMHHPOBAaHHON  JHEProJABHTaTeNIbHOM  yCTAaHOBKM  (KOMIUIEKca),
TIpeAHA3HAYCHHON KaK JUTA MOAa4dH YHEPTrOHOCHUTEINIeH Ha 00pT 00bEKTa, TaK 1
JUI CO3/1aHMsI PEAKTUBHOM TATH.

B xommmiexc, kpome M3I'TY BXOAAT peaKTHBHBIC IBUTATENN, IPUIEM OHH
MOTYT OBITh KaK TEIUIOBBIMH — O KHAKOCTHBIMH DPaKETHBIMH, TaK H
3IIEKTPOPAKETHBIMH.

OCHOBHBIMH OTPaHHUYEHUSIMH, MPENSATCTBYIOUMMH IpuMeHeHuto M3I'TY
B KOCMOCE, SIBJISIOTCS:

- OTHOCHUTEJIIBHO HH3KUH ypOBEHb OTBOJA TEIUIOTHI U3 KOHTYpa,
MIPUBOASIINH K 3HAYUTENBHBIM IUIOINAASIM XOJIOAUIBHUKOB-U3ITydaTesnei;

- OTpaHUYEHUS o MaccorabapuTHBIM XapaKTepUCTUKAM
SHEPrOyCTaHOBKY;

- BBICOKME TpeOOBaHMA K pecypcy YCTAaHOBKH, TIPHBOASAIINE K
CYILIECTBEHHBIM OIPaHUYCHHAM BEPXHEH TEMIIEPATYPHI LIUKIIA;

- g M3I'TY ¢ simepHBIM peakTOpOM BCTYHAIOT B CHIIy TpeOOBaHHS IO
SIIEPHOM OE30ITaCHOCTH.

Ho M3I'TY mno3BomfrOT pemrath OJHOBPEMEHHO 3ajaddl IO 3JIEKTPO-,
TEIUIO- M XOJIOJOCHAOKEHHIO 00BEKTA, B OTJIMYHME OT JFOOLIX Oe3MaIlIMHHBIX
npeoOpa3oBaTenel, B KOTOPBIX CHUCTeMa KOHJUIMOHHPOBAHHS SIBISETCS
JIOTIOJTHUTENFHOM Harpy3ko ansi sHeproycraHoBku. Ilocrmemnee TpeOyer
YBEITMYECHUS] MOIIHOCTH COOCTBEHHO YHEPrOyCTaHOBKH, C COOTBETCTBYOLIHM
YBEJIIMYEHUEM MOIIHOCTH MCTOYHHMKA BBICOKONOTEHIMAIbHON TEMJIOThl U
IUIOIIAAN XOJIOJWIBHUKA-U3Ty4yaTess, a TakkKe HaJIUdus AONOIHHUTENBHOTO
XOJOAWIbHUKA-U3TYdaTeNsl CUCTEMbl KOHIUIMOHUPOBAHUSI.

Pabora M3I'TY B cocTaBe 3HEProJBUTAaTEIFHOIO KOMITIEKCA, OCOOCHHO B
Cllydae HCIOJb30BaHMS TEIUIOBBIX PEAKTUBHBIX JBUTATENCH ¢ KPHOT€HHBIM
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paboyrM TeJIoM, TMO3BOJSIET HCIOJIb30BaTh YacTh OTBOJAMMOW M3 KOHTypa
M3I'TY rtemnoTsl Ans TojporpeBa paboyero Teja, TEM CaMbIM MOBBIIIAs
3¢ PEKTUBHOCTD ¥ YHEPTOYCTAaHOBKH U PEAKTUBHOTO JIBUATEIIS.

OMHOBpPEMEHHO, 3TO TMO3BOJSIET COKPATUTh IOTPEOHYIO IIOBEPXHOCTH
XoJloauIbHUKa-u3ay4yaTens M3TTVY.

Taxum obpazom, ucnonszoBanne M3I'TY B cocTaBe SHEProABHIATENEHOTO
KOMIIIEKCA MOJKET OBITh pEaln30BaHO YK€ TPH CETOAHSIIHEM YPOBHE
Pa3BUTHS TEXHOJIOTUHN U MaTEPHAIOBEICHNS.

HccnenoBanne BIMSHUA AaBJEHHUS B KaMepe CTOPaHMs Ha
3¢ peKTUBHOCTH BHYTPeHHero oxyaxkaenus aias KPIAMT
3aropusu C.C., Bopooser A.I'. 1. MockBa

OmHMM U3 MyTeH yIydIIeHHs MacCOBO-3HEPreTHYECKHUX XapaKTepUCTHK
KPIAMT u pasButusi PCY sBisieTcss MOBBILLIEHUE [JaBJIEHHUS B Kamepe
cropanus. [Ipy MOBBIIEHNH TaBIICHNS] YMEHBIIAIOTCS Ta0apyUThl ABUTATENS, a
CJIE/IOBATENIFHO M €T0 Macca, MOSBISIETCSI BO3MOXKHOCTh YBEJIMUEHHS CTETICHN
pacmMpeHust COIUIa, YTO TIOBBINAET YIEHbHBIH HMITYJIbC JBHTATENs,
BO3pacTaeT yJelbHas Macca ABUTATeIs.

C npyroii cTOpOHBI MOBBIIIEHHE TAaBICHHE B KaMepe CropaHusi TpedyeT
OpPTaHM3aIllMM KAueCTBEHHOTO pAaCNblIMBAaHHWA TOIUIMBA, oOOecledeHne
3¢ dexTHBHOTO cMeceo0pa3oBaHUA M BEIET K CO3JaHHIO CIIEHHAIBHBIX Mep
JUIsL 3alUThl CTEHOK Kamepbl oT neperpesa. ns XXPAMT pemenue stux
3aa4 YCIOXHACTCA BBULY ux KOHCTPYKTHUBHBIX OCO6CHHOCTCﬁ,
UMIIyJIbCHOTO  peXHMa paboTel M HAJUYMSA MOIUHBIX  CyMMAapHBIX
KOHBEKTUBHBIX M JYYUCTHIX TEIUIOBBIX IIOTOKOB B CTEHKY KaMepbl B BHIY
OTCYTCTBUSI PETCHEPATHBHOT'O OXJIAXKICHHUSI.

B pabore paccMaTpuBaeTcs KPIMT, paboraromuii Ha
camoBocIDaMeHstormmxcst komrnoneHTax AT-MMI ¢ pabodnm maBineHHEM B
kamepe p,=35atm. [TocTpoeHs! 3aBHCUMOCTH rabapuTOB COIIIA OT AABJICHHS B
KaMmepe, 0TOOpakaloIlye COKpalleHne UIMHBI W JAnaMeTpa coIlla Ha cpese
MIPU TIOBBIICHUN JaBieHUS oT p,=10 atM mo p=35 aTM, ¢ coxpaHEHHEM
BEJIMYMHBI YAEITBHOTO HMITYJIbCA.

B pesynbTarte nmpoBeneHuUs MPEABAPUTENHLHOTO aHATIN3a CIIOCOO0B PEIICHHS
npoOJieM OpraHu3allMy 3alluThl CTEHOK KaMepbl, BBIOpaHBI CIIEAyOIIHe
CHOCOOBI  3alIUTHI: BHYTPEHHEE 3aBECHOE OXJaXAeHHE (BO3MOXKHO
NpUMEHEHHE  OKHCIUTEIbHON  3aBechl), MNPHUMEHEHHE TEepPMOCTOMKHX
MTOKPBITHH MM KOMIIO3UTHBIX MaTEPHAJIOB.

[MpumeHsistT KOMIUIEKC MPUKIAIHBIX MPOTPaMM 110 IPOTHO3WPOBAHUH
paboyero mporiecca B KaMepe CropaHHs, BO3MOXKHO IOJyYEHHE MOJICIIH
pabouero mpomecca 0e3 TpoBeAEHHs JKCIEpHMEHTa. B moxaTBepkneHue
MIPOM3BEJCHHBIX PACUeTOB BO3MOXKHO TIPOBEACHHE OSKCIICPUMEHTa Ha
9KOJIOTMYECKU-YUCTHIX KOMIIOHEHTaX TOIIIHNBA.
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Jlureparypa:

1. BacumeeB A.Il, Kynpssues B.M. «OcHOBBI Teopuu H pacueTa
JKUJKOCTHBIX PaKeTHBIX aBuratenet «, Mocksa «Boiciias mkona» 1975 r.

2. KoznoB A.A., AbamreB B.M. «Pacuer 1 npoeKTHPOBaHHE >KHIKOCTHOTO
pakeTHoro ABUratens manoi tsarmy, MAW 2003 r.

MartemaTH4eckoe MOeJMPOBAHNE TEIUIOBOT0 U HANPSIAKEHHO-
neGopMHPOBAHHOIO COCTOSIHUS CTHIKOBOYHOrO y3jaa YKKM C-
SiC/meTan A8 coefuHeHUe KOMIO3UIIMOHHASL KaMepa CropaHus -
MeTa/LuIn4ecKasi cMecuTeabHas rojgoska KPAMT
Kogarega 10.C., BopooseB A.I"., boposux 1.H.

MAMW, r. MockBa

TpeOoBaHUSIMU K COETUHEHHIO THIIAa KOMIO3UIMOHHBIA Matepuan (KM) -
METa/ll SIBJIIIOTCSL BBICOKAas NMPOYHOCTh TPU BBICOKUX TeMIepaTypax MU B
arpecCUBHBIX CpellaX, BBICOKasl CTOMKOCTh K OKHCICHMIO, HU3Kasi CTOMMOCTh
MIPOU3BO/ICTBA.

Kepamomarpuuneie  kommosutbl, ocobenno Cf/SiC wu  Cf/IC
KOMITO3MIIMOHHBIE MaTepHajbl SBIAIOTCS HanOoiiee NPHUMEHSIEMBIMH B
a3pPOKOCMHYECKOH, SICPHOM W APYTHX OTPaciiX B YCIOBHSX TeIJIO- H
HM3HOCOCTOHKOCTH. BONBIIMHCTBO TaKMX MPWIOKEHUH TPEOYIOT COeINHEHHS
KOMITO3UTHOHM YacTH K METallllaM, KOTOPO€ MOXET OBITh CIEAHO C MOMOIIBIO
psila MOAXOIOB: MEXaHWYECKOE INPHCOEAWHEHue, Kines u auddysnoHHON
CBapKH.

Pemenne 3amaunm  TpeOyeT HCIOIB30BAaHHE COBPEMEHHBIX METOJIOB
MaTeMaTU4eCKOr0  MOJETUPOBaHMA  TEIUIOBOTO UM HANPSKCHHO-
J1e(OpMHUPOBAHHOTO COCTOSIHUSI TIPUMEHHTENBHO K CTBIKOBOYHOMY Y31y
YKKM C-SiC/metanmn TeIIoHanpsDKeHHOTO  coequHeHus. [IpumeHeHue
COBPEMEHHBIX METOJIOB HWHXKCHEPHOIO aHAIM3a W  KOMIIBIOTEPHOTO
monenupoBanuss CAD/CAE (ANSYS, FlowVision, SolidWorks, COSMOS)
MO3BOJINT Pa3pabOTaTh AaKTyalbHYI0 METOJOJNOTHIO PEHICHUs] CIOKHBIX
CONPSDKEHHBIX  3aJad  HAIEJICHHBIX HAa  CO3JaHME  KOHCTPYKIHMH
Mexanngeckoro coenuHeHns «YKKM — metamm u cOOpHBIX Y37I0B.

B paboTe paccMOTpeHBI HECKOIBKO BAPHAHTOB KOHCTPYKIMN COCIUHEHUS
KOMIIO3UITMOHHAs KaMepa CrOpaHMs - MeTaJUINYecKas CMECUTENbHas TOJI0BKa
JKPIAMT. IlpencraBieHbl omepamnuu 1Mo cOOpPKe COCTUHEHHH, PacCMOTPEHBI
HEOCTaTKU M JOCTOMHCTBAa KaXkJIOTO BapuaHTa coeauHeHHi. OmnucaHbl
MaTepHuabl AeTanei COeAUHEHMsL.

B  pabGore maHBl  pe3ynpTaThl  MPOBEOEHUS  MaTEMaTHUECKOTO
MOJIETMPOBAHMS TEIJIOBOTO M HAINPSHKEHHO-Ie(GOpPMUPOBAHHOTO COCTOSHHMS
COEIMHEHUS THIA «METaJUI-KOMIO3UT». PaccMOTpeHBI BONPOCH! MPOYHOCTH
COEIMHEHUS C YIE€TOM TEIUIOBBIX HArpy30K.
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Pemienne pusuko-mateMaTuyeckoi Mojae1d BBOJa, pacnblia,
Apo0JIeHus1, cMeceoOpa30BaHUs U MCIIAPeHUs KaleJb )KHIKUX
XJIOPOPTaHHYECKHUX COeTHHEeHMI
Ky3pmun A.M.

BI'TY «Boenmex», r. Cankr-IlerepOypr

B mporecce MOCTPOCHUS (pU3MKO-MaTeMaTHYECKOM MoJieNnn
BBICOKOTEMIIEPATYPHOIO YHMUYTOXKEHUS XJIOPOPTaHUYECKUX COETUHEHUI],
ObUTH c(OPMYITHPOBAHBI OCHOBHBIC 337a49H, KOTOPBIE CTABATCS TPU CO3TaHUN
u peanm3anun OMM. [IpuBoautcs 000CHOBaHHE JOMYIICHUN TPUHATHIX IIPH
moctpoeHrn ®MM. B mpomecce cozmanmss OMM, ObUT TpEemioKeH psif
MozeNnel, 4yepe3 KOTOpPHIE OIMCHIBAIOTCS W BIOCIEINCTBHU PEANN3YIOTCS
perieHue.

[IpoBenena umcnenHas peamm3aruas OMM. BriOpaHsl U TeopeTHYECKH
000CHOBaHbI pabouyue MapaMeTpbl YCTAHOBKH, TaKHe Kak AJIMHA, JUAMETP
KC, pa3mepsr hopcyHok. Omnpe/iesieHsl mapaMeTpsl BpeMeHH NMpeObIBaHus, a
TaKxe pe3yIBTATHI XUMHUYECKOH KUHETHKHI pu reHepaLnuu
BBICOKOTEMIIEPAaTypPHOT'0 MIOTOKA.

ITomyueHs! cnenyromue pe3yabTaThl:

Pacnipenenenus remneparyp no cedennto KC, nu¢dy3nonHoro ropenusi, B
a0COITFOTHBIX BETMYUHAX.

Pacnipenenenust MoiabHBIX KOHLEHTpauuid H,O.

Pacnpenenenns TypOyIeHTHOW HHTEHCUBHOCTH.

Pe3ynbraTsl mporecca 0XJIaIeHUs BRICOKOTEMITEPAaTypHOTO TIOTOKA.

Pacuer 3ammter creHok KC, a Taxke Mmoka3zaHO BIHSIHAE OXJIAXKACHUS Ha
MPOIIECCHI TOPEHUS.

[Tonydens! pacmpeneneHus Temmnepatryp mo cedenuto u jumHe KC mpu
3aMOpO3KEe BBICOKOTEMIIEPATypHOTO MOTOKA. BBUTO MpennoskeHO HECKOJIBKO
THUIIOB TOJBOJA OXJAXJIAIOMEH >KUAKOCTH, OBLIM TOJNYyYeHBI 3aBHCHMOCTH
n3MeHeHus Temnepatyp no anuHe KC, npu oxiaxIeHUH OTOKa 3aKaJ0qHOM
KHUIKOCTBIO.

[MomyueHHBIE  pe3ydbTaTBl  CKOPOCTH  OXJAXICHHWS  ITOKAa3BIBAIOT,
BO3MOKHOCTh TIPAMEHEHHS TaKOW TEXHOJOTHMH Ul peaji3alid IIpoIecca
3akanku [IC, 6e3 oOpa3oBaHUS IMOMYTHBIX TOKCHYHBIX OOpa3oBaHWI THIA
OXA0/®
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JKcnepuMeHTATbHbIE HCCIEe0BAHUS TeMJI0(PU3NUeCKUX CBOICTB
OMHAPHBIX U TPOHHBIX PACTBOPOB OPraHUYeCKHUX TeNJIOHOCUTe el
Bacunesckuii JI.B., [Tooepexckwuii C. 1O., Criupun I'.T'.

MAMW, r. Mockaa.

MeTon  KpaTKOBpPEMEHHBIX M3MEPEHMH B CTaJuH HUPPETYISPHOTO
TEIUIOBOIO PEeXUMa HCIOJIB30BaH M KOMIUIEKCHOTO HUCCIIEOBaHUSA
TEIIO(U3NYECKUX XaPAKTEPUCTUK PACTBOPOB OPTraHUYECKHX JKUIKOCTEH.

Hcnonp3oBanyck OB€ XapaKTEPUCTUKU: TEILUIONPOBOAHOCTh U TEIIOBAS
AKTUBHOCTb.

JlanHbIE XapaKTEePUCTUKU MO3BOJISUIIN ONpeNeIuTh
TEMIIEPaTyPOIPOBOIHOCTD U 0OBEMHYIO TEIIOEMKOCT PacTBOPA.

HccrnenoBanne  TEMIONMPOBOJHOCTH — OCYIIECTBIIIOCH € ITOMOIIBIO
JATYUKOB, B KOTOPBIX PE3MCTUBHBIM DJIEMEHTOM CIIy>KHJa IIJIATHHOBAs HUTH
paauycom 10 MKM.

Jns1  u3MepeHus TEIUIOBOM aKTHMBHOCTU  MCIIOJIB30BAJIUCH  IUIOCKHE
PEe3UCTUBHBIE D3JEMEHTHI, MPEICTABIIOMNE CcO00OW TOHKOE HalbLICHHE
tommuHoN 1000 AHrcTpeM, Ha AUANEKTPUUECKON OIIOKKE.

Bpemst m3MepeHns B 000HX ciTydasx He IMPeBHIIIaio 2 Mc.

Hcnonp30Bascst OTHOCUTENBHBIA BapUaHT METOA.

IorpemHocTs U3MepeHHs U TEMIONPOBOJHOCTH U TEIIOBOM aKTUBHOCTH
He npesbimiana 1 %.

[IpuBonsiTcst  SKCIEpUMEHTANbHbIE JaHHBIE 10  TEIUIO(PHU3NIECKUM
XapaKkTepucTukam (Gpropyriepomos.

udposoii npuBoa ¢ TpéxdasHbIM BeHTHIbHBIM ABUraTejeM npu 180-
rpPajlyCHOM YNpaBJIeHUH
CutHukoBa A.B.
MAMU, r. MockBa

Co3zmanne OBICTPOJEHCTBYIOIIMX M HHEProcOEperaromx aJIropuTMOB
IU(GpPOBOTO  YNpaBICHHS  IJIEKTPUYECKUMH TPHBOJAMH HAa  OCHOBE
COBPEMCHHBIX BEHTWIBHBIX [JBHUTraTeledl CBA3aHO C HCCICAOBAHUSIMHA
MIPOIIECCOB, TPOTEKAIOMNX B €ro CHJIOBOW (9HEPreTHYEeCKO) dYacTh B
3aBUCHMOCTH OT BBIODAaHHOTO METOJa YNPABIECHUS, W  BBIPAOOTKH
COOTBETCTBYIOIINX PEKOMEH/IAINH 110 €T0 UCTIOIb30BAHMIO.

JlanHast paboTa HOCBSIIEHA MCCIECIOBAHUSAM IPOLECCOB, KOTOPHIE UMEIOT
MecTO B HU(BPOBOM 3JIEKTPOIPHBOJIEC HA OCHOBE TPEX(PAa3HOTO BEHTHIBHOTO
JIBUTATENs NpU Pa3TUUHBIX Meroxax 180-rpagycHOM KOMMYyTalUH H
OTIpeIeIEHUI0 COOTBETCTBYIOIIHUX UM SHEPIreTUYECKUX XapaKTePUCTHK.

IMpn wuccnenoBaHum pabOTH THU(POBOTO 3JIEKTPONPHUBOAA: IOIYUESHEI
AQHAJMTHYECKHE BBIPAXKEHUs paccMaTpUBaeMbIX METOJOB; pa3padoTaHa
KOMIIBIOTEpHAsI MOJIENb IPUBOJIA; peann3oBaHbl Ha si3bike MATLAB Moy,
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MO3BOJISIIOIIME  aBTOMAaTU3UPOBATh MOJCIUPOBAHME U  IPEJCTaBICHUE
pe3yJIbTaToOB B HEOOXOAMMOM JJIs aHaju3a Buie; Ha si3pike AHDL onumcanb
METOAbl KOMMYTAallMM ¥ OCYIIECTBJICHO IPOTrpaMMHpOBaHue H(POBOH
CHCTEMBI YIIPaBJICHUS MEXaTPOHHOTO MOyl IPUBOJA B IPOTPaMMUPYEMYIO
JIOTUYECKYI0 HHTETPAbHYI0 CXEMy; BBINOJHEHbI 3KCIIEPUMEHTAIIbHBIE
WCCIIeIOBAaHMS JIA0OPAaTOPHOTO MakeTa MEXaTPOHHOTO MOAYJS TPHBOJA U
MIPOaHATU3UPOBAHbI MIOJTy4YEHHBIE JTaHHBIE SKCIEPUMEHTAIbHBIX
HCCIICIOBAaHUN U PE3yNIbTATOB KOMIIBIOTEPHOTO MOJEIUPOBAHMS HA MPEIMET
aJIeKBaTHOCTU MOJIENH U PEATBbHOTO yCTPOMCTBA; IOCTPOCHBI MEXaHUYECKUE,
PETYIUPOBOYHBIE U SHEPTETHYECKHE XaPAKTEPUCTUKH.

B pesynpraTre nOpOBENEHHOIO  MCCIEAOBAHUS  ONpPENENEH  METOJ
KOMMYTaIlUH, IIPH KOTOPOM MEXaHWYECKHE XapAKTEPUCTHKH MPUCYTCTBYIOT
BO BCEX KBaJpaHTaX, pETyJUPOBOYHBIE XAPAKTEPUCTUKU JIMHEHHBIE, a
TepsAEMas MOIIHOCTh B 00MOTKE MHUHUMaAJIbHAas, 4qTo )Z[aéT IpaBo
PEKOMEHJIOBaTh €ro B KauecTBE OJHOTO M3 OCHOBHBIX METOIOB IIpU
MIPOEKTUPOBAHUU MPUBOHBIX CUCTEM.

IoBbIenne 3neprernyeckoii 3pdexrusHocT KP/I npu
HCII0JIb30BAHUH MOJIMMEPHOI MPUCAAKH K KOMIIOHEHTAM TOIIMBA
Tames B.II.

MAMWU, r. MockBa

JlanbpHeilmee yiydllleHHe JHEPreTHYECKUX, MACCOBBIX M HaJEXKHOCTHBIX
xapakTepucTuk  coBpeMmeHHbIXx  JKPJ[  sBIstercs  TpyAOeMKHM |
BBICOKO3aTpaTHEIM IporieccoM. OTHUM U3 HOBBIX HAIIPaBJICHUH MOBBIIICHUS
xapakrepuctux XXPJ[ sBIseTCS CHMXKEHUE SHEPrOHAMNpPSKEHHOCTH arperaTtos
CHCTEMBI TIO/Ia4d 3a CYeT YJIYYIICHHS SKOHOMHUYHOCTH TypOOHACOCHBIX
arperaToB M KaBUTALIMOHHBIX XapaKTEepPUCTHK HACOCOB IOAAYH TOIUIMBA
MyTeM NMpUMEHEHUs B KoMnoHeHTe ToruinBa JKP /] nonumepHoil npucaaku.

Hcnonp3oBaHue BBICOKOMOJICKYISIPHOTO Tonum3o0yTuneHa (BMII) B
KauecTBe MPHUCAAKH K KOMIIOHEHTY PpAaKeTHOrO TOIUIMBA MPHUBOAMUT K
YMEHBUICHUIO TUAPABINYECKHX MOTEPh B TPAKTAX JBUTATEIS, B TOM YHUCIE B
arperatax IOJa4u, M B TPAKTE PEreHEPATUBHOTO OXJAXKACHUS KaMeEpBbI.
Kpowme Toro, B Hacocax, mpu paboTe ¢ MOTUMEPHOH MPUCAIKON YIyUIIAIOTCS
KaBUTAlUOHHbIE  XapaKTePUCTHKH U CHIDKaeTcd  MHTCHCHBHOCTh
KaBUTAIIMOHHOM 3po3un. PacTBOpeHHBIE MOJIEKYJBI MOJIMMEpPa YMEHBIIAIOT
TypOyJICHTHOE TpEHHE, KOTOPOE B )KUAKOCTH MMEET MeCTO Bcerja. [loatomy
MoJIMMepHas TpHUcajKa MO3BOJISIET JOOUTHCS OMOJIHUTEIBHOTO CHIDKEHHMS
rugpornoreps B TpakTax JKPJI o060t cTenenn coBepiieHcTBa.

B HacTtosmee BpeMs IPEACTAaBISIET HHTEPEC HEMOCPEICTBEHHOE
N3MEpEeHHE BSA3KOCTH M TOBEPXHOCTHOTO HATSDKEHHS KEPOCHHA C J00aBKaMU
Mmoaun300yTHIICHa IS (¢u3muecKolf  WHTepmpeTanmMud  Ipolecca
pacIbUIMBaHuA, OOBSICHUTH YBEIHMUCHHE THAPABINYECKOTO CONPOTHBICHHS
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MarucTpaiy Tropryero ¢ J00aBKOW B MEJKOSYEUCTOM QHIbTpe (pa3mMep
STUEHKH 7 MKM).

JIist perieHust 5THX W APYTHX BOIPOCOB IO MCIHOJIB30BAaHUIO MPUCAIKH B
MAUN coBmectHo ¢ HIIO «BOHepromamr» mMiIaHUPYETCsl TNPOBEACHUE
CJIC/TYFOIIMX MCTIBITaHMH:

e  ompeneneHHe BA3KOCTH KEPOCHHA C Pa3IMYHBIM  COJEpKaHUEM

nomunzo0yTiena (0.2 — 0.03%) na ycranoske kad. 201 MAU;

e  pCcIeIOBaHWE W3MEHEHHWs TOJIIWHBI MEJNeHBl KEepPOCHHa Ha cpese

corma 11/6 ¢opcyHKH (¢ MOMOIIBI0 (OTOAECTEKTOPOB) U IUaMeTpa 3ayepTa

B 3aBUCHMOCTH OT COJCP)KaHMs J00aBKH IIPU MTOCTOSHHOM PAaCXO/IE;

®  HCCIEIOBaHHWE IIONHOTHl CrOpaHMS KEpPOCHHA C J00aBKaMH IpH

ITOCTOSTHHOM COOTHOIIIEHHH KOMIIOHEHTOB TOIUIMBA U CYMMAapHOM Pacxoje

Ha J)KPJI MT MAU-500(BIIB + xepocun);

e  JCCIEIOBAaHHME MEJIKOCTH pachbula W IIONHOTHI CTOpPaHHsA OT

TEMIIepaTypbl OJI0rPeBa KEPOCHHA C JOOaBKaMH;

®  HCCIEIOBaHHWE BIMSHHS XapaKTEPHCTHK IOPUCTOH BCTaBKH (QHIBTpa

Ha THPABINYECKHE OTEPH IPH TEUCHUH KEPOCHHA C JOOaBKaMH;

e  aHAIWTHYECKWH 0030p pabdOT 1O pEoJIOTHH  YTIIEBOIAOPOIHBIX

TOPIOYHX C T0OaBKaMH MPUMEHNTENHHO K UX Hcnoiab3oBanuio B JKP/I.

TeopeTnueckoe H YKCIIEPUMEHTAIBLHOE MOIeJTHPOBAHHE MPOIECCOB
(opMupoBaHNS TeTOHAIIMOHHOTO TOPEHUS BOAOPOIOBO3AYIIHBIX cMeceii
B comuie JlaBanas
3youn M.A., Mopo3zos C.B., [1asnos B.A., Tynuk 10.B.

HWU mexanuku MI'Y, r. Mockpa

PaccmatrpuBaroTcs 3a71auu, CBI3aHHBIE C MHIIMUPOBAHUEM JETOHAIMOHHOTO
TOpeHusi BOAOPOJOBO3AYIIHBIX CMECeH, MOCTYMAIOIIMX CO CBEPX3BYKOBOMH
CKOPOCTBIO B OCECHIMMETPUYIHOE cOTLIo JlaBas.

UncaeHHO TOKa3aHa  BO3MOXKHOCTh — pEaM3allidl  CTallHOHAPHOTO
JETOHAIIMOHHOTO TOPEHHS M €ro yCTOMYMBOCTH 110 OTHOIIEHHIO K
MEPUOANYECKUM BO3MYILEHUSIM KOHIIEHTpPAIlH BOJOpoJa B Haberaromiem
CBEPX3BYKOBOM TOTOKE. B MOITydeHHBIX pekuMaX JETOHAIIMOHHOTO TOPEHUS
npu yucie Maxa HaOeraromero moToka oT 5 10 7.5 Tara MPEeBOCXOIWT
a’POJAMHAMHYECKOE COMPOTHUBIIEHHE KOHUYECKOW Karcyibl, BKIIOUYArOIei
comno. CpenHsis TAra MyJbCUPYIONMINX PEKUMOB OKA3bIBACTCSI MEHbIIE TATH
COOTBETCTBYIOIIMX CTAIIMOHAPHBIX PEIICHUH. DTO pa3auurie YMEHbIIAETCS C
POCTOM 4acTOThl, YMEHbLIEHUEM aMILTUTY bl U JJTMHBI BOJIHBI.

B03MOXHOCTh HMHUIMUPOBAHUS JETOHALMOHHOIO TOPEHHUS BOAOpOAa B
CBEPX3BYKOBOM TIOTOKE H3y4aeTcsi SKCIEPUMEHTANBHO B yIApHOW TpyoOe.
VYcaoBus B IOTOKE 3a MaAArOIIEl yAapHO BOJIHON MOAEIUPYIOT JaBJICHUE U
TEMIECpPATypHBI pPEXHM B OOJACTH WHHUIMHAPOBAHUS JCTOHAMOHHOTO
TOpPEeHHsT BOAOPOJOBO3AYIIHONW CMECH B COILIOBOM KaHayle. BocmmameneHue
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BOJIOPOJIOCOICPIKAIeH CMecH ocyliecTBsieTcss ummysibcHbIM  Nd-YAG
Ja3epoM ¢ JIUHOM BONMHBEI 1.06 MKM M JJIUTENHHOCTHIO uMIysbca 30 HC.
BrinosiHeHHBIE  9KCIIEPUMEHTHI  TIO3BOJLSIFOT  HAJESITHCS. HAa  YCIIEIIHOE
WCIIOJIb30BaHNE (POKYCHPOBKH JIa3€PHOTO M3IYHEHHs ISl WHULIUHPOBAHMS
JICTOHAIIMOHHOTO T'OPEHHS BOAOPOJOBO3MYLIHBIX CMECEH, MOCTYMalonUX B
coruto JIaBaisi co CBEpX3BYKOBOI CKOPOCTHIO.

Pemaercs Takke 3amada CBEPX3BYKOBOTO 3aIyCKa KOHBEPIeHTHO-
JVBEPTeHTHOTO COIUIA NPH PABEHCTBE CTATHUYECKOTO AABJICHHS Ha BXOIE U
BBIXOJZIC B HAYaJIbHBIH MOMEHT BpeMeHH. CBEpX3BYKOBOI! 3aITyCK MOAEIHPYET
BHE3aIIHOE OTKPHITHE 3alylIKd Ha BXOJE B COIUIO B YCIOBHAX
CBEPX3BYKOBOTO TIOJIeTa. B 3KCIEpHUMEHTax OIpPEAEIIOTCS MapaMeTpsl
COIUIOBOTO  KaHaja, oOOecle4yHBaroliie 3amyck ¢ (OpPMUPOBaHUEM
CBEpPX3BYKOBOTO ITOTOKA B €r0 KOHBEPreHTHO# yacTh. B pacuerax mokasaHo,
YTO YCHEIIHBIH 3amyck comia ¢ (OPMUPOBAHUEM YCTaHOBHBILETOCS
CBEPX3BYKOBOTO TEYEHWS] BHYTPHM BCETO KaHala 3aJlaHHOW TeOMETpPHU
BO3MOXKEH IPH JOTIOJHUTEIFHON MHKEKINH Tra3a yepe3 HeOOJIbIION y4acToK
CTEHKH B PaCIIUPSIOIIEiics 9acTh coria.

Teoperndeckne HcclIeNOBaHMS TNPOBOIATCA KaK Ha OCHOBE AaBTOPCKHUX
BBIYHCIUTENBHBIX Iporpamm, pa3paboTaHHbBIX JUIs pemeHns
HECTAIlMOHAPHBIX JBYMEPHBIX YpaBHEHHUH DOiinepa JTMHAMHKA
MHOTOKOMIIOHEHTHOTO pEaripyromero rasa, TaKk W C HCIOJb30BAaHUEM
cTargapTHoro nporpammHoro makera “STAR-CCM” mist pacueToB TedeHHN
raza ¢ yueroM (pOpMHUpPOBaHUs TypOyJIEHTHOTO IIOIPAHUYHOTO CJIOSI Y CTEHOK
COIJIOBOTO KaHaJa.

Pa3paboTka 3kcnepHMeHTAJIBLHO-PACYETHOI CHCTeMbI HCCJIe0BAHUS
3¢ pexTHBHOCTH 3aBecHOTr0 oxJaxaeHus JKPAMT c ucnoab3oBannem
MeTO/I0B MJIAHNPOBAHHUS IKCIEePUMEHTA
IIpoxopos A.B., Koueprun A.A., boposuk N.H., XoxmoB A.H.,
Boragesa /1.10., Bopo6res A.T.

MAM, r. MockBa

OnHOI 13 aKTyalbHBIX 33[ad OCTaeTCsl oOecrieueHrne HaJe)KHOW TETIOBOM
3aIIUTHl 2JIEMEHTOB KOHCTpYyKImu uW B meiaoM PJIMT, paGoraromux B
YCIOBUSX BBICOKMX TeMIeparyp pabodero Tena TNpH MHHHUMAIbHO
BO3MOXHBIX HOTEPSAX HKOHOMMYHOCTH Ha Lend oxJaxiaeHud. OgHHM U3
myTeil pemeHus 3aJadyd TeMIOBOI 3alUThl CTEHOK BBICOKOTEMIIEpaTYypPHBIX
pakeTHbIx jBurateneid mansix TAr (PAMT) Ha TOruMBe, sBIsIeTCS
OpTaHM3aIMsl 3aBECHOTO (3arpaiuTeIbHOI0) OXJIAXKICHUS KOHCTPYKIIHH.

Bribop pacxoma Ha 3aBecy SBIISIeTCS OJHOM M3 OCHOBHBIX 3aiad IIpH
pa3pabotke u pacuere KPJIMT, Tak Kak SBISETCS OTIPABHON TOUYKOW IS
pemeHns cIeayouX 3a/1a:

e  BBHIOOP COOTHOIIEHHS KOMIIOHEHTOB PAKETHOTO TOIUINBA;
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e T[IOJlyueHHE MaKCUMAJIBHOTO  YyJENBbHOTO  HMIyJbca, IpHU
COXpaHEHHH PabOTOCIIOCOOHOCTH;

BBIOOp MaTepuaiia cTeHKH kamepbl cropanus (KC);

BBIOOp MOKpBITHS cTeHKH KC;

pacueT TEIUIOBOrO COCTOSHUS;

obecnieueHns pecypca JIMT.

Hns wnccrenoBanmst HOBBIX JKPJIMT paspaboraHa 3KCIIepHMEHTAITBHO-
pacdeTHast CHCTEMa, KOTOpasi PeryJupyeT BXOIHbIE TapaMeTphl ABUTATEIS 110
BBIXOZHBIM IIapaMETPaM HETOCPEICTBEHHO B XOJ€E OTHEBBIX HCIIBITAHUIL.
Cucrema anammsupyer TtemioBoe cocrossane KC,  paccumThIBaer
ONITHMANBHBIN pacxo]] Ha 3aBecy, W 3a CUYET OOpPaTHOW CBSI3U PETryJIUpPYyeT
noZiady KOMIIOHEHTAa JUIs 3aBECHOro oxJaxkzaeHus. Kpurepuem BbIOOpa
pacxozia Ha 3aBecy SIBISETCS COXpaHEHHE TeMIIePaTyphl CTEHKH B Mpenenax
ee paboTOCIIOCOOHOTO cocTOsiHUMA. [lpym  3TOM  yIENbHBIA  MMITYJIBC
COOTBETCTBYET MAKCUMAIbHOMY 3HAU€HUIO JUI JAHHBIX YCIOBUH.

3a cueT NPUMEHEHUs SKCIEPUMEHTANBHO-PACUETHON CUCTEMBI CTAHOBUTCA
BO3MOXKHBIM ONTHMHU3AIMS IJIaHA HKCIIEPUMEHTOB C YMEHBIIEHHEM BPEMEHH
Ha OTHEBbIE UCTIBITAHNS! © MUHUMHA3AIMEH HX KOJIHMYECTBA.

Paboter mpoBomsaTcst Ha kadempe 202 dakympreta «JlBHrarenm
JeTaTeNbHBIX annapaToB) MOCKOBCKOTO aBUallMOHHOTO HHCTUTYTA.

OnTumMu3aums 1eMnQUPYIOLIEro cJI0s 3aIUTHOT0 KOMIIO3HIIHOHHOTO
MOKPBITHS HA YIJIEPO-YIJIEPOAHbIH KOMIIO3HIIHOHHBIH MaTepHa
Xpenos B.B., babun C.B.

MATU, r. MockBa

B pesynpTare mpoBeNEHHOTO aHauW3a U 3KCIEepUMEHTOB it YYKM
(yraepoa-yriepoHbli KOMITO3ULIMOHHBIH Marepuain) aBTOpaMH
TIpeasIaraeTcst cremyromee KOMITO3UIIMOHHOE, MHOTOCJIOHHOE
TEPMO3PO3HOHHOCTONKOE MOKPBITHE:

e spo3noHHOCTOHKHH cnort — Al,O;+Crexino
® TIPOMEXYTOUHBIH cior — CTeKIo
e nemmdupyromuii o — SiC+AL O,

Tak jxe ObUIO SICHO, YTO [aNbHeilllee COBEPIICHCTBOBAHHE CBOMCTB
KOPPO3HMOHHO-3PO3MOHHO CTOMKOTO IMOKPBITHS HEOOXOAWMO BECTH, CHMXKAs
TeMIlepaTypHble HAaNpsDKEHHs, BO3HUKAIOIIUE B pe3yibTare OoJbIION
pasHHLBI B KOAQPUITEHTaX TepMuueckoro juHerHoro pacmmpenus (KTJIP)
Mexay nemrngupyromieM cioem n Y YKM.

ABTOpaMH IMIPOBEJECHO UCCIIENOBaHNE TPEIINHOCTOMKOCTH JeMIT(UPYIIEro
CIOS: JKCIEPHUMEHTAIbHO HccnenoBanack 3aBucumocTs KTJIP or yria
HambuieHnst TOKpeITHs u3  ALO;. IlpoBoamnnch HambUIeHHS TTOPOIIKA
(cepomuter  Al,O;) nmucnepcHocteio 40MkM. B kadecTBe MOATOXKH
HCIIONIB30BATMCH 00pa3mbl rpadura, KOTOpHIE HAPE3INCh C PA3IHYHBIMU
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yIriaaMd TIOBEPXHOCTEH, NpeAHa3HAuYeHHBIX Ui HambUieHuA. llokpbITHE
HAMBULJIOCH Ha 00pa3ibl 70 TpeOyemoi TonmuHbl. Ilocie HambLICHUS
MIOJy4YEHHbIE TOKPBITHS OTACISUICH OT TpaUTOBBIX ITOJUIOKEK. 3aTeM ¢
momotislo  ororpadudeckoit Metomauku usMepstics KTJIP momydeHHBIX
nokpeiTiid U3 ALO;. KTJIP usmepsiicst B TeMrnepaTypHOM HHTEpBaje OT
100°C mo 600°C. M3meperus KTJIP mpoBOOWINCH B IBYX HANPaBICHHUSX:
BJOJNH HANpaBJICHWS HANBUICHWS TIIOPOIIKA W TIONEPEeK HambuleHHs. B
pe3yibTate TPOBEAECHHBIX HKCIEPUMEHTOB YycTaHoBieHO, uyto KTJIP
TUTa3MEHHOHAMBUICHHBIX MOKPBHITHH U3 AlL,O; 3aBHCHT OT yrila HalbUICHHS
MOKPBITHA. A Tak e OBbUIM CHETaHBl BBHIBOABI YTO, ONTHMAIBHBIM YIJIOM
HanbsuteHusT Al,O; Ui co3maHusl MOKPHITHS AeMIIpUPYIOMEro cios OynaeT
yroi B 15°, T.k. anuzotponus cBoiictB KTJIP ne caumkom Benuka u KTJIP
MHHUMAaJIbHBL, YTO HEOOXOIUMO JUIS MHHUMAJIBHOTO pPacTPECKUBAHMUS
JeMI(UPYIIEro cios, a CIeIoBaTelbHO M CTAOMIBHOCTH 3allUTHl JTAHHOTO
KOMIIO3ULIUOHHOTO MOKPBITHSI.

Jns  TOpoBEpKM  JaHHOTO — NPENNONIOKEHHS  ObUIM  NPOM3BENCHEI
KOHTpOJIbHBIE  3KcriepuMeHTH. Ha oOpasuer w3 YYKM, HaHocHIH
MIPEATIOKEHHOE TTOKPHITHE, IPH 3TOM AEMI(UPYIOMNHA CII0M HANBUISUTN IO
pasupivi yrmamu: 15°, 30°, 45°, 60° i 75°. Tlomyuennble 06pa3ibl TUKITHIHO
Harpesaiich 10 Temreparyps B 1100 °C u oxmaxnamcs g0 100 °C, mocre
yero OHHU (ororpadupoBanuce, nocie S5Stu u 10TH IUKIOB HarpeBa H
oxnaxaeHus. M3 momydeHHbIX (oTorpaduil crenmany OILEHKY KOJIHMYECTBa
tpermH Ha 100 MM® B MPOLEHTAX M TONYYHIM CIEIYIONHE COOTHOMICHHMS:
1,368% mmst 15°, 3,373% amst 30°, 5,126% ans 45° narpesa, 6,255% mis 60°,
6,855% st 75° mocme 10TH umpkiaoB HarpeBa. OTCIOZA MOXHO CACHATH
BBIBOZBI O ToM, uto 15° sBIOfeTcs ONTMMANbHBIM  YIJIOM JUIA
JEMIT(UPYIOIIETO CIIOSL.

JKCNepuMeHTAIbHO-pacyeTHOE HCCIeI0BAHNE XaPAKTEPUCTHK
KOAKCHAJBHOI0 TeIJIO0OMEeHHMKA ISl HATpeBa ra3o00pa3Horo u
“KM/IKOT0 TOILUIMBA NMPH NPOBeIeHUH UCTIBITAHUI
BBICOKOTEMIIEPATYPHBIX KOMIIO3HIIHOHHBIX MATEPHAJIOB
Murtpoxos H.B.

MAMWU, r. MockBa

Lensto paboTsI SABIISETCA MOJTyYeHHe XapaKTepUCTUK
9KCIEPUMEHTAILHOTO 00OpYAOBaHUSI — KOAKCHAJIBHOTO TEIUIOOOMEHHUKA,
MTO3BOJISIIONIET0 HarpeBaTh Kak ra3000pa3Hble, TaK U KHUIKHE TUIBI TOIUINBA.
JlaHHOe BKCTepUMeHTabHOE 000pyIOBaHHE NPUMEHSETCS JUIS IPOBEICHHMS
HCIBITAHUN  BBICOKOTEMIIEPATYPHBIX KOMIIO3MLIMOHHBIX MAaTepHaJIOB U
MoJieniel KaMmephl CTrOpaHus, BBINOJIHEHHBIX W3 TaKOro poja Marepuana.
Harperoe TomnmmBo momaercs BO BHYTpPEHHHE IOJIOCTH MOAYJEH KaMepsl
CropaHusi BO BpeMs ee paboThl. TakuM 00pa3oM, MOAEIHPYIOTCS YCIOBHS
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UCIIBITAaHWH MaTepualioB, COOTBETCTBYIOIINE YCIOBHSM IMOJETa C BBICOKOW
CBEpPX3BYKOBOM CKOpPOCTBIO W HCIIOJIb30BAHME TOIUIMBA JJIA OXJIAXKICHUS
JIeTaTEeJIBHOTO aInapara U 000pyJI0BaHHMs Mepe Io1aueii TOIUIMBa B KaMepy
CropaHwusl.

[epBbIM 3Tanom paboOTHI OBIIO alaNTUPOBAHHE CYIIECTBYIOIIUX METOHK
pacyera TEINIOOOMEHHHKOB JUIS BBIPAOOTKH METOAWKH TPHUTOJHOW JUIS
pacyera KOAKCHAJIBHOTO TEIUIOOOMEHHWKAa B IIMPOKOM  JHAala3oHe
TEeMIIEpaTyp W pacxXoloB, KaK TOpsAYero rasa, TaKk W HarpeBacMoro
KOMITOHEHTA.

BropsIM 3Tanom ObIIO HaMCaHUE MTPOTPAMMBI [UIS pacueTa KOaKCHAIbHBIX
TemI000MEeHHUKOB. IlporpamMma mo3BOJSIET 3aJaBaTh THI HAarpeBacMoro
KOMIIOHCHTA, a TAaKXKXC€ YUYHUTHIBACT HAIIPABJICHHUC JBMKXCHUA KOMIIOHCHTOB B
TemI0oOMEeHHHKe (TPSMOTOK MM TPOTHBOTOK). B mpomecce pacuera
nporpamMma (OpMHPYET BBIXOJHOW (aill, KOTOpPBIH COAEPKUT B cede
TabNMIy C pachpesieleHreM BCeX OCHOBHBIX IMapaMeTPOB TOPSYEro rasa u
HarpeBaeMoro KOMIIOHEHTA I10 JJIMHE TEII000MEHHHKA.

Tperbum ortamomM pabOTHl  OBIO  NPOEKTHPOBAHHE  KOHCTPYKLIUH
TEIJIOOOMEHHHUKA, €r0 W3TOTOBJIEHHE M IIPOBEJCHHE JKCIIEPUMEHTOB IO
WCCIIEIOBAaHUIO  XapaKTEPHCTHK KOAKCHAJIBHOTO TETIOOOMEHHHWKA  JUIs
HarpeBa ra3o00pa3HOr0 M >KHIKOTO TOIUIMBA NPH MPOBEICHUS HCIBITAHUN
BBICOKOTEMIIEPATYPHBIX KOMIIO3UIIMOHHBIX MaTEPHAJIOB.

B pesynerare BBHIONHEHHOH pabOTHl HAKOIDIEH SKCIIEPUMEHTAIHHBIN
Marepuail g paclIupeHusd TMPCACTAaBICHHUA O MEXaHU3Max HarpeBa
ra3oo0pa3HOro M >XKHMJKOTO TOIUIMBa B KOAKCHAIBLHOM TEIUIOOOMEHHUKE U
BepU(HKALUM YHCIEHHBIX METO/I0B ero pacyera. C TOMOIIBIO JTaHHOTO
TEIJI000MEHHHKA OBUIM MPOBEIEHBI UCTIBITAaHUSI MOJYJISI MOAEIBHON KaMephl
cropanus ['TIBP/], BemonHeHHOTO M3 Si-C KOMITO3UIIMOHHOTO MaTepHaa.

IManbuynkoBbIe YIUIOTHEHUSA 11 nepcneKTuBHbIX [T/
M TEXHOJIOTUS MX U3roTOBJIEHUS
Mannanos A.P.
YIT'ATY, . Ya

OmanM w3 myTted TOBBIIEHUS 3(PPEKTHBHOCTH  Ta30TypOMHHBIX
neurateneit (I'T/) saBnseTcsa coBepiIeHCTBOBaHHE KOHCTPYKIUN pagualbHBIX
YIUTOTHEHUH, TTO3BOJIAIONINX COKPATUTh Mapa3uTHBIE YTEUKU paboueil cpenbl
(Bo3myxa, Trasa, Macia) 4Yepe3 Y3Kyl0 KOJBIEBYIO IIETb MEXIY
pa3aensieMbIMH MOJIOCTAMU.

Opnumu w3 Hauwbojee BBHICOKOI((EKTUBHBIX Ta30BO3AYIIHBIX U
BO3JYIIHO-MAC/ISHBIX YIJIOTHEHUH Ans nepcnekTuBHBIX ['TJ[ sBIsAtOTCA
TTAJIbYNKOBEIE.

B TpamnnnoHHYI0 KOHCTPYKIHIO NMAIBYNKOBOTO YIUIOTHEHHSI BXOZIST Kak
MHHAMYM JIBa TPUMBIKAIOIIUX APYr K Apyry Koipna. Kaxkmoe w3 HUX
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COJIEPKUT MHOXECTBO PABHOMEPHO pAaCIOJIOKEHHBIX [0 OKPYKHOCTU
NaJbUYUKOB, 00Pa30BaHHBIX IyTEM BBIMOJMHEHHs y3KHX (ummpuHo 0,2...0,6
MM) Ta30B MeXIy HUMH. Koiblo, ycTaHaBIMBaeMOe CO CTOPOHBI IOJIOCTH
HU3KOTO JaBJIEHUS, JOMOJHUTEIBHO COJEPXKUT BBICTYMAIOUIME IUIOIAAKH,
BBITIOJIHEHHBIE 32 OJHO IEJI0€ C COOTBETCTBYIOIIMMU Nanbunkamu. Koibia
MIO3UIHOHHUPYIOTCS Pyl OTHOCHTENBHO JApyra TakuM o00pa3oM, dYTOOBI
MAJIBYNKH KaKIOTO KOJbIAa IEPEKPHIBAM Ta3bl MPHUMBIKAIOMIETO K HEMY
JPYTOTro KOJbIA, TEM CaMBbIM 00eCHedYrBas T€PMETHYHOCTh IIEPEKPHIBAEMON
KOJIBIIEBOM IENMM MeXIy poTopoM H craropoM. Koublia mpmkaTel co
CTOPOHBI TTOJIOCTEH HU3KOTO M BBICOKOTO JABJICHHS KOJBLEBBIMH KPBIIIKAMU
JUI TIOBBIIIEHHWS T€PMETHYHOCTH M JKECTKOCTH KOHCTPYKIMH B OCEBOM
HaIlpaBJICHUH.

B nponecce padotsl I'TJ ruOKOCTh MaIbUUKOB ITO3BOJISET UM OTTHOATHCS
U TakuM 00pa3oM KOMIIEHCHPOBATh BUOpAIINK, TEMIIEPATYPHBIE PACIIUPEHHUS
U OTKJIOHEHHSI POTOpa OT HOMUHAJIBHOTO MOJIOXKEHHUS.

HecmoTtps Ha TO, YTO MaJbUMKOBBIE YIUIOTHEHHUS! W3BECTHBI 32 PyOekKOM
yxke Oomee 20 Jer, B OTEYECTBEHHOW NPAKTHKE Ta30TypOOCTPOCHHMS
pa3paboTka WX KOHCTPYKIMHM W TEXHOJOTHH W3TOTOBJICHHS HAdJaJlach
CPaBHHTEILHO HEABHO.

Hampumep, paGotsl, BemonHeHHble KourektmBomM HUUW IITT 3XO
YI'ATY B pamkax ®UII “Pa3zButne rpaxJaHCKON aBUALMOHHON TEXHUKHU
Poccun na 2002-2010 Tomer m Ha mepwony mo 2015 roma”, Obpum
ocymecTiedsl B 2008-2011 rr. m B wHTOre MOJYYEHBI CIEAYIOIINE
pe3yJbTaThL:

[IpennoxeHsl HOBBIE KOHCTPYKTHUBHBIE pELICHUS 110 MaJbYMKOBBIM
YIDIOTHEHUsAM (TIaTeHTHl Ha u3o0pereHus PO Ne 2416753, 2425271; 3asBku
Ha wmzoOperenust PO 2010138987, 2010142091, mo KOTOPBHIM MOIYYEHO
peleHne Ha BbIJJauy HaTeHTa).

Pa3zpaboTana MHHOBAIIMOHHAS TEXHOJIOTHSI HM3TOTOBICHUS MaJbUMKOBBIX
YIDIOTHEHWH (KOTOpas Halula OTpPaXCHHE B AWCCEPTAllMOHHON paboTe n
MyONMUKANUAX aBTOPa).

N3roToBneHs! HaTypHBIE 00Pa3Iibl MANBYNKOBBIX YIIIOTHEHUH U TIEpEIaHbI
B ®I'VIT «HIIL] razorypboctpoenus «Camror» (T. MockBa) Ui CTEHIOBBIX
HCIIBITAaHHH.
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5. Cexknusa «UHpopManuoHHO-
TeJIeKOMMYHHKAIIMOHHBbIE TEXHOJIOTHI»

Pa3paboTka U onTHMH3ALUSA 0 KPUTEPUIO MIOMEX0YCTOHYMBOCTH
KOHCTPYKIHUIA BLICOKOCKOPOCTHBIX MOHTAKHBIX IJIAT
Arommes 10.C.

MAMU, r. MockBa

PaGora  mocBsimeHa ~— pa3pabOTKE  METOAMKH  MPOEKTUPOBAHUSA
MIOMEXOYCTOMYUBBIX BBICOKOCKOPOCTHBIX ~MOHTaXHbIX IuIaT. IloHsTHe
MIOMEXOYCTOMYMBOCTH SIBISIETCS KOMIUIEKCHBIM, OHO BKIIIOYAeT 3allUTy OT
BHEIIHUX W OT BHYTPEHHHX IIOMeX. B maHHONl paboTe paccMoTpeHa
BHYTPEHHSA IOMEX0YCTOWYMBOCTD.

beula  paccMOTpeHa  MHUHMMH3AaLUS  MEPEKPECTHBIX  IIOMEX  JUIA
JNEKTPUYECKH KOPOTKMX JIMHHUM CBS3H II0 MOJENH AaKTHBHAs-IaCCUBHAS
JIMHUA, J'[I/I6O Mo MOJCJIN aKTUBHas-IIaCCUBHAA-aKTHBHAaA. brina pacCMOTpEHa
MUHHUMU3aUA IIOMEX OTpa)KeHI/Iﬁ n MEPEKPECTHBIX IIOMEX JUIA
nudhepeHIMaTbHbIX THHAN TepeIadd U I SJCKTPUUSCKU UTMHHBIX JIMHHHA
nepenauu. beuto paccMOTpeHO yCTpaHEHHe TOMEX 10 IEeNsIM MUTaHMUs.

Brimenepeuncnennple 3a1a4d M pelleHHsT OOBEIUHEHBI B METOIMKY,
KOTOpasi BKJIIOYaeT B ce0s aNropuTMbl  IPENTONONOTHYECKOTO U
MTOCTTOIIOJIOTUYECKOTO aHAIN3A.

3amadell IPEATONONIOTNYECKOTO AHANHM3a MTOMEXOYCTOMUMBOCTH SIBIIETCA
(hopMHpOBaHUE KPUTEPHEB U NMIPABWII I MHTCPAKTUBHON M aBTOMaTHIECKON
TPacCUpPOBKM I€YaTHOM IUIATHI, YCTOMYMBOM K BO3AEHCTBUIO BHYTPEHHHX
nmoMex. McXomHBIMM  JaHHBIMM  JUIsl  NPEATOIOJIOTUYECKOTO  aHAIH3a
SABJIAFOTCA: cXeMa QJICKTpHUYCCKasg IIPpUHIUIINAJIbHAA yCTpOf/IICTBa,
XapaKkTepUCTUKM  yCTPOMCTBAa,  MHapaMeTpsl  3JEMEHTOB,  3HAueHHE
IIOMEXOYCTOMYMBOCTH MHUKpocxeM. PacueTsl mapaMeTpoB JMHUHM Iepenadu
MIPOU3BOAUTCS B CIELMANBHBIX INPOTPAMMHBIX CpeAcTBax. [laHHBIM aHanu3
OPUEHTHUPOBAaH Ha CUCTEMBbl AaBTOMATU3UPOBAHHOTO IPOEKTHPOBAHMUS,
MO3BOJISAIOIINE IPUHYAUTEIBHO OTPAaHUYUTH AJIHHBI IPOBOJHUKOB M yYaCTKH
B3aMMOJEHCTBUS IBYX 1 00JIee MPOBOJHHUKOB.

3amavell TOCTTOMONOTMYECKOTO aHAIN3a SBISETCA MPOBEPKA BBINOIHEHHS
3a[JaHHBIX MPaBHI MPOEKTUPOBAHUS MEYATHON IJIAThl U NapaMETPOB JIMHUH
nepegaun. McXOOHBIMHM JAaHHBIMH IJISL JaHHOTO aHAlW3a SBIIIETCS TOTOBAs
TOIOJIOTUS ¥ TIapaMeTpsl JUHUH Nepeaadn c(OPMUPOBAHHBIX B PE3yJIbTaTe
MIPEATONONOTMIECKOTO aHanu3a. B HeM HEeo0XOIMMO MPOBECTH KOHTPOIb
JJINH JIMHUAM nepegauyn v JJIUH Y4YaCTKOB BSaHMOHeﬁCTBHﬂ COCCAHUX
MIPOBOJHUKOB. Jannbiit aHau3 OPUEHTUPOBAH Ha CHCTEMBI
ABTOMATU3UPOBAHHOTO IMPOCKTUPOBAHUA, IMTO3BOJIAIOIINE ITPOBECTU 6LICTpBIﬁ
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aHanu3 BHYTPEHHEM TIOMEXOYCTOMYMBOCTM W  JETAJIbHBIA  aHalu3
MIOMEXO0YCTOMYMBOCTH NE€YATHBIX IIaT.

DJIeKTPOHHBIE IUIATEKHbIE CHCTEMBI: KiIaccu(pukanus, TpeGoBaHUs U
MEepPCHeKTHBHI Pa3BUTHSA
Bopomuu B.A.
MAM, r. Mocksa

[IpoBeneHne HNEKTPOHHBIX pPAacyéToB B UWHTEpHETe U 3 PeKTHBHAL
JIOTUCTAKA TIO3BOJISIOT ~ OCYIIECTBHTH TMOJHBIH IIHMKJI  KOMMEPYECKHX
OTHOIICHUH B paMKax 3JIEKTPOHHOI kKoMMepuuu. B xadectBe 3¢dexTuBHOM
GbopMBI  peanHM3aliid  TaKMX pPACcYETOB MPEICTABIAIOTCS  3JCKTPOHHBIC
miaréxubie cuctemsl (DI1C).

B 1IMpoOKOM CMBICHE 21eKMPOHHAS NAAMENCHAs cucmema — 93TO
COBOKYITHOCTb TPaBWJ, NPOIEAYP H TEXHHUYCCKOW HWHPPACTPYKTYPHI,
00eCTICUYMBAOIINX MEPEBOJl CTOMMOCTH OT OJHOTO CYOBEKTa 3KOHOMHUKHU
JPYTOMY C TIOMOIIBIO CPEJICTB JCKTPOHHOW KOMMYHUKaIUH. B Goee y3xom
CMBICIE — OTO KOMIDIEKC AaNIlapaTHBIX H TMPOTPAMMHBIX CPEICTB,
MpeTHa3HAYSHHBIX ISl OCYIISCTBIICHUS O€3HAIMYHBIX PACcYETOB M OPYTUX
KpeAuTHO-(UHAHCOBBIX OTIEPaIUii.

Bce OI1C MoxHO pa3aenuTs Ha 1Ba Kiacca:

kpeautHbIe OIIC,

neberosrie DIIC.

Kak BumHo u3 ompenencuus JIDIIC, sapom meberomoit DIIC sBiseTcs
cucreMa onexkmponnvix Oenee (D). ITlom dIEKTPOHHBIMH JCHBIAMHU
MTOHUMAIOTCSI JICHeX)KHBIC 00s3aTeIbCTBA IMHUTEHTA B JJICKTPOHHOM BHJIC,
KOTOpblE HAaXOAATCS Ha DJICKTPOHHOM HOCUTENE B  PACIOPSHKEHUH
MOJIb30BATETISI.

Snonckue cremuanuctel B obmactu OIIC T.Oxkamoro m K. Oxrta
pa3paboTany mecTb OCHOBHBIX CBOWCTB-TpeboBanmii k DIIC:

He3zaBucumocts. be3onacHocts D/ HE 3aBUCHUT OT MECTOHAXOXKICHUS
HAJIMYHBIX JCHET.

Be3onacHocTh. D/ HENMB3A CKOMMPOBATH W IOBTOPHO MCIIONIB30BATh.

AHOHUMHOCTD. TaliHa JIMYHOCTH MOJIB30BATENS 3aIMILIEHA, CBSI3b MEXIY
MOJIL30BaTEJIEM U MOKYNKAMHU YCTAHOBUTH HEBO3MOXKHO.

ABTOHOMHOCTb MuIaTexeil. Korma momnp3oBaTens paciuiayuBaeTcsl 3a
MOKYMKY SJEKTPOHHBIMH JI€HbIaMH, MPOTOKOJ MEXKIY I0JIb30BaTeieM |
MPOJIABLIOM BBITIONHSIETCSI aBTOHOMHO, T.€. Mara3uHy He HY>KHO COEIUHSITHCS
C IICHTPATBHBIM CEPBEPOM JIJIsl 00pabOTKH TUTATEKA TTOTB30BATEIS.

IMepememaemocthb. D/ MOTyT nepenaBaThCs APYTUM MOJIb30BATEISIM.

Hdeaumoctb. 3akazanHas cymma DJ] Moxer ObITh mozaencHa Ha Oolee
MEJIKHE.
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TeM He MeHee, aHAINU3 LIUPOKO PACIPOCTPAHEHHBIX IIATEXKHBIX CUCTEM
[I0Ka3aj, 4YTO HM OJHA U3 HHUX HE YJOBJIETBOPSET BCEM 3TUM CBOWCTBAM.
Bonee Toro, 1o ceropHANIHEro OHSA B CYIIECTBYIONIIMX paboTaX He ONUCaHA
HU OJHA OJJIEKTpPOHHAs IIIAaTEKHAs CHUCTEMA, YAOBIETBOPSIOLIAS 3TUM
TpeboBaHUsAM. B CBSI3M ¢ 3THUM HCCIIEOBaHMUS, CBSI3aHHBIE C CO3/1aHHEM TaKOW
CHCTEMBI SIBISIFOTCS BEChMa MEPCHEKTUBHBIM HAIPAaBICHUEM.

IIpo6embl anajoro-undposoro npeodpasosanns BY curnanos B
unposoii anteHHoi pewerke (LLAP)
Jo6srunna E.M., boxun [1.J1.
MAMWU, r. MockBa

Lenpto qaHHOM pabOTHI SABISUIOCH HCCIIEA0BaHUE TIPOOJIEM, BO3HHKAIOIIHNX
B mnpuemo-nepenaromemM Mmonyie (IIIIM), Ha ocHOBeE KOTOPOTO CTPOHTCS
AP, mpu OCyIIeCTBICHHUM MPOIEcca aHAIOTO-IU(POBOTO MPeoOpa3oBaHUS
CHUTHaJIa Ha HECYyIel J4acToTe.

[epBBIM 3TarmoM mccinenoBaHus SIBISUIOCH ONpeseneHne cTpykrypsl [1TIM
B coctaBe LIAP. Ilpm »TOM OBIIO Y4YTEHO, YTO PaXUOJIOKANMOHHBIC W
panuonH(pOpMaMOHHBIE CHCTEMbI OJIVDKAMIIEro AECATWIETHS IOJDKHBI
CO371aBaThCs Ha OCHOBE MHTEIIEKTYyaJbHBIX aHTEHHBIX penieTok «intelligent
antennas» — 3TO SBJIAETCS OCHOBHBIM HayYHO-TEXHUYIECKHUM HAIIPABJICHHEM B
panuonH(pOpMaMOHHON CHCTEMOTEXHHKE, PE3YJIbTaThl KOTOPOTO MO3BOJISAT
«CKauK000pazHO» yBENMWYHUTh S()(HEKTUBHOCTH HA3EMHBIX M KOCMHYECKUX
CHCTEM panuoJIoKaluHy, paanocCBsI3y, paanopa3BenKu U.T.J.
WuTemnekTyanbHasi aHTCHHA Ha OOpTy JietarenbHoro ammapara (JIA) - arto
AP, ocnoBoii ee moctpoeHus gasnserca IIIIM. B orauume ot momyns
ananoropoii A®AP, ero rnaBHas (GyHKIMSA-TIpeoOpa3oBaHUE aHAIOTOBOTO
CUTHaJa B IU(pPOBOH Ha OoJiee paHHEM dTare B IPUEMHON YaCTH PELIETKH, U
Hao00poT, NM(POBOTO CUTHaja B AaHAIOTOBHIM Ha Ooiee MO31HEM JTamle B
nepefaromel 9acth. OTH  (QYHKIMH BBINONHSAIOT —aHAJIOTrO-IU(POBEIE
mpeobpazosaremn (ALIT) u uugpo-ananoroseie mpeodpazoBatemu (LIAID).
®opmupoBanue BeiOopok [IH m ux mampHeimas o6paboTka IpoM3BOIITCS B
Moxyne mudpoBoro muarpammoodpazoanus (L[IO), KoTopeIi sBIsSETCS
CIELMAIN3UPOBAHHBIM, BEICOKOIIPON3BOIUTEIEHBIM IIPOLIECCOPOM.

Ha BrOopoM »sTame ucciegoBaHH PacCMOTPEHBI BOIPOCH NMPUMEHEHHS
ALIT u IAII B TexHuke IudpoBoro auarpammoodpasoBanus. OCHOBHas
0COOEHHOCTh Takux cucteM — pasmemienue AIlIl B kaxaoMm mpueMHOM U
HAIT B kaxagom mnepenatomem kanane kaxzporo [IIIM c¢ omudposkoit
CUTHaJa, KaK IMpaBWo, Ha Hecymied wacrore. [Ipu 3TOM HCKIIOYarOTCA
olepali  MpeoOpa3oBaHMsS YacTOTHI, JETEKTHPOBAHUS CUTHAJIOB C
BBIJICTICHHEM OTHOAIOIEl M, TeM CaMbIM, YMEHBIIAIOTCS SHEPreTHYECKHE
MIOTEPH, TOBBIIACTCSI YYBCTBUTEIBHOCTh IPUEMHON CHCTEMBI M YIIPOLIACTCS
€€ KOHCTPYKLIHS.
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Opnnaxko, HecMOTpss Ha wuHTeHcuBHoe pasButue AIlll, ocraerca psn
npoOJieM, CBSA3aHHBIX C OIM(poBKoW curHana B I[[AP. Jlna pemienus
npoOiemMbl  (a3upoBaHUS KAaHAIBHOTO CUTHala IpU OHU(POBKE MOXXHO
HCIONb30BAaTh JIMHUU 3aJepXKKU Pa3INYHOTO NPUHIMNA [SHCTBUA WU
(ha3oBbIe MHOKHTEIH, VISl Y3KOIOJOCHBIX CHrHajoB. OnHako (a3upoBaHHe
CHTHAJA, TaK € MOXKHO OCYHIECTBISITH NPSAMO MpU MpeoOpa3oBaHUN
aHAJOTOBOTO CHTHaJa B IM(POBOH, C ITOMOLIBIO 33AKKH CHHXPOUMITYIHCOB.

PezynpraToM  BBINONHEHHOW pabOTHl  SBISETCS aHAIU3  IpoldiieMm,
BO3HMKAIOIINX IPH aHAJOTO-IM(POBBIX NPeoOpa3OBaHMAX HA HECyIIEH
gactore B L[AP. Iloka3aHel BO3MOXHBIE IyTH PEMICHHS STHX MPOOIIEM C
HCTIIOJH30BAHUEM COBPEMEHHOM IIEMEHTHOM 0a3Hl.

XapakTepuCTUKH 1IeJeBbIX AHTEHH AJIA IHPOKONOJI0CHBIX
TeJ1eKOMMYHUKAIUOHHBIX CHCTEM
T'onuapos B.A.
IIHUPTU nm. akagemuka A.M.bepra, r. Mocksa

PannosnexTponHOe TpHOOPOCTPOCHNE KaK HANpaBiCHHE HCCIIETOBAHO B
HEIOCTaTOYHOIM CTeNeHH II0 HECKOJIbKMM IPHYMHAM. B KOIMYeCTBEHHOM
OTHOIICHUN HaOmonaeTcs 9KCTIOHEHIHATBHBII 3aKOH pocTa
PagMO3IEKTPOHHBIX U TEJIEKOMMYHHKALMOHHBIX CHCTEM. B KauecTBEHHOM
OTHOIIEHUH K COBPEMEHHBIM PaJUOAICKTPOHHBIM KOMIUIEKCAM BO3PACTAIOT
TpeboBaHus 1O 3(P(PEeKTHBHOCTH U IIEKTPOMATHUTHOH COBMECTHMOCTH.
3HAYUTENBHBIN NPaKTUUECKUM HMHTEpec NpeACTaBIIsIeT 3aJada IMOCTPOCHHS
MOJACJIN AHTCHHBI B BHJIC OINTUMAJIBLHON COTrJIaCOBAaHHOM HEOJHOPOAHOCTH.
OCHOBHBIMM XapaKTEPUCTUKAMH JIIOOOH AaHTEHHBI SIBISIOTCS JTUarpamma
HaIpaBJIeHHOCTH U KO03(HUIMEHT oTpaxkeHHs. B Takom ciydae pa3paOboTKy
MOJIENH IIEJI€BOM aHTEHHBI MOXKHO Pa3AeiIUTh Ha TPU dTara.

Ha mepBom srTame HEoOXOAWMO IIPOBECTH OIEHKY COTJIACOBAaHHOCTH
IIeJeBOM aHTEHHbI 1O BXoXy. (DyHKIMOHAIBHOE HA3HAYCHHWE AHTCHHBI
COCTOHT B COTJIACOBAaHMHM (DPUAEPHOTO TPAKTA C OTKPHITBIM IPOCTPAHCTBOM.
Jns onTUMHM3anHMM COINACYIOMIMX CBOMCTB HEOOXOJMMO MHHHMH3HPOBATh
HEOHOPOIHOCTH B packpelBe wu3mydarens. Ilpm stom  koadunmeHt
OTpaXEHUsI B 33laHHOM TI0JI0CE YacTOT OyIeT MUHUMAJIEH.

Ha BTOpoM oTame TpeOyercs HCCIIeIOBaTh HaIlpaBiIeHHBIE CBOMCTBA
IIeJIeBOro M3nmy4aTens. JluarpaMMmoi HampaBiICHHOCTH HAa3bIBAE€TCS 3aKOH
pacrpeneNeHrs M3JIy4yaeMoro aHTeHHOW moisi B AanbHed 3oHe. C ydeToMm
TOr0, 4TO B 33JaHHOH TOYKE MPOCTPAHCTBA MOIIHOCTH 3JIEKTPOMArHUTHOM
BOJIHBl TPONOPLUOHANBHA KBaApaTy HANpsHKEHHOCTH IOJs, 3a OCHOBY
MOJIENTN CIa0OHANpPaBIEHHOT0 H3Jy4arelisi MOXKHO IPHHATH CTaHIApPTHYIO
¢ynkimro beccenst mepBoro poaa HyJIeBOTO MOPSAKA.

Ha Tpersem ostame wuccienoBaHusi MPOBOAWTCA pa3paboTka MeTona
ONTHMHU3AIlN  OOOCHOBAHHOW MOJENN MHKPOIIOJIOCKOBOTO  M3JTydaTelIs.
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WneanpHblil M3Mydaromunii 31€MeHT J0JDKeH OBITh aOCONIIOTHO COTJIACOBAaH C
UCTOYHMKOM BO30YXKAEHHMsS B 3aJaHHON moioce paboumx wuactor. Jms
o0ecIieueHnsl COTJIAaCOBAaHMSI aHTEHHBI ONTUMH3HPYETCSl MpPEACTaBICHHAs B
BUJE MAaTpHIBI pacCesiHUsl IBYXIIOMIOCHUKAa Mojenb. Ilox onrumwuzanuein
MaTpHIBl pPaccesHHs JABYXIONIOCHHKA TOAPa3yMEBaeTCs MHUHHMHU3AIMS
ko unmenta orpaxkeHus. s OLEHKH COTTIACOBAHHOCTH AaHTCHHBI B
IIMPOKOH TIOJIOCE YacTOT B AOKJIAAE IpEIaraeTcs METOJl MHTETPabHBIX
OLICHOK XapaKTEPHUCTHK M3ITyYarOIINX 3JIEMEHTOB.

Takum oOpa3oM, B JOKIage B XOJA€ HCCIEJOBAHUI XapaKTEPUCTHUK
IIEJIEBbIX aHTEHH pa3paboTaHa ONTUMAJIbHAS 3JIEKTPOANHAMUYECKAS MOJETI.
Takylo Mozenp MOMKHO HCIOJB30BaTh INPHU ONHCAHWM M3Iy4aTeIbHBIX MU
OTpaAXaTCIbHBIX CBOMCTB ONTHUMAaJIbHBIX COTIaCOBAHHBIX HeO}IHOpO}]HOCTeﬁ.

®opMHUpOBaHHe BLICOKOMH(OPMATHBHOI0 H300pakeHUsI B GOPTOBBIX
PaIHOTOKANMOHHBIX KOMILTIEKCax
XapnamoB A.H., Eropos B.B.
MAMU, r. MockBa

dopMupoBaHNEe  pagHoONOKaloHHOTO  m3o0paxkenus (PJIM) mpu
30HOUPOBAHUU IIUPOKOIMOJIOCHBIMU CHTHAJIAMH C BHYTPUHMITYJIbCHBIM
3allOJIHCHHEM HEM30€KHO CTaJKMBaeTCs C TpoOJIeMoil orpaHHYEHHS
JUHAMUYECKOrO0  Juamna3oHa  ApPKOCTEM  BCIEACTBUE  INPOCAYUBAHUS
MEMIAIONTNX OTPaKEHUH M0 OOKOBBIM JIETIECTKAM CHUTHANBHOW QyHKIMH. Js
pelieHns] MOJOOHBIX 33/a4 YacTO MPHUMEHSIOTCS METOJIbI CIEKTPAIBLHOTO
aHanmu3a. KauecTBo moiydaeMbIX OLIEHOK SIPKOCTH B 3HAUMTENBHOM CTETIICHU
olpenensercsl aJeKBaTHOCTBIO MOJENIU OTPaXKCHHBIX CUTHANOB, OJHAKO, B
CHITy OOJIBIIOrO pa3HOOOpa3usl 30HIAUPYEMBIX 0OBEKTOB U HEJTOCTATOUYHOCTH
anpHoOpHOH HMH(OPMAIIMHU, UCIIOJIF30BaHUE CIOXHBIX MOJIENeld OKa3bIBaeTCs
HeIenecooOpa3HbIM.

B coobmennm wm3maraercs moaxon ans  opmupoBanms — PJIN,
Oasmpyromuiics Ha Momemsax —au(p(dy3HOTO  paccesHUS  PaIuOBONH
MMOBEPXHOCTBI0 C JIOKATBFHO paBHOMEPHBIMHU pactpeneneHusiMu OIIP u
3epKaTbHOTO OTPAKEHUS TOYCUHBIMH oOObekramu. OIleHKa SpKOCTH
NPOU3BOJUTCS HAa  OCHOBE MHOTOOKOHHOTO  aJalTUBHOIO  METOna
CIIEKTPAIILHOTO aHaln3a M0 KOPOTKOW BBIOOpPKE CIy4alHOTO Ipolecca,
(dbopMHUpyeMOil B YacTOTHOW OOJIACTH METOAOM HHBEPCHOW (HIIBTPAITUH.
[IpeanoxeHHble aNrOPUTMBI MOJYYEHBI B pe3ysbTare pelleHHs oOpaTHOU
3alaud BOCCTaHOBJICHUS KoMmiuiekcHoro PJIM B nokameHOW oO0macté ¢
WCIIOJIb30BAHUEM PA3JIOKEHUSI CUTHAJIA B PSJl IO COOCTBEHHBIM (YHKIHSIM
siipa JIupuxiie — BEITIHYTHIM C(hepPOUIATBHBIM BOTHOBEIM (DYHKITHSIM.

PaccmarpuBaemsrii meton hopmupoBarus PJIN mo3Bosser:
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- C BBICOKMM pa3pellieHHeM BBIJIENSATh I'PAHUIIBI YYaCTKOB 30HAUPYEMOU
NOBEPXHOCTH C Pa3IMYHBIMU KOI(PQHUIIMEHTaAMU OTpPaKeHHUs, HAIpUMED,
KOHTYPBI IOPOXKHOTO TIOJIOTHA, JIECOB, MOJIEH, OeperoBble IMHUH U T.11.;

- Ha ocHoBe F-recta Ha HanWuMe JHUCKPETHBIX KOMIIOHEHT B
BOCCTaHOBJICHHOM  CceueHMH KommuiekcHoro PJIM  mo  nmampHOCTH
OOHAapy)XMBaTh 3€pKaJbHbIE TOYEYHbIE OOBEKTHI W  OIEHHBATh HX
KOMITIIEKCHBIE KO3 (PUITMEHTHI OTpaXKEeHUSL.

OpHako B pealbHBIX YCIOBUSAX 3()()EeKTHBHOCTH JAaHHOTO METOAA MOXKET
OBITH 3aMETHO OrpaHMYEHa alMapaTypHBIMH MOTPEMIHOCTSIMU. [IpuBomsaTCs
COOTBETCTBYIOIIME OIEHKH JOMYCTHMBIX HEIMHEHHBIX HWCKaKCHUH U
¢azoBrix mrymos PJIC.

DddextuBHOCTS QopmupoBanus PJIM wmmiroctpupyercst pe3ysbTaTaMu
HATYpHBIX HCIBITAHUMA, TMPOBEJCHHBIX Ha 0a3e MakeTa IIMPOKONOJIOCHOTO
panuoniokatopa (mojoca 200MI'm), paspaboTanHOro Ha (akyJIbTeTe
PanuosnexTpoHuku MAU, B pexume 30HIMPOBaHUS JIUM
PalMOUMITYJIbCAMH.

IIpeumyiecTBa H NEPCNEKTHBBI MPUMEHEHHS CeJIeKTUBHON NMaiiKu npu
MOHTa:Ke CIIeNHATBHOI annapaTypbl
Wsanos C.A., Ymapos [I.111.
HWU TII, r. Mockga

Oco0eHHOCTBI0  pa3pabaTbiBaeéMOi  ammapaTypbl paKeTHO-KOCMHUYECKOH
TEeXHUKH SIBJISETCS IOBBIICHHOE TpeOOBaHME K HANISKHOCTH, a 3HAYMUT,
NOBBINIEHHE (DYHKIMOHAIBHBIX BO3MOXKHOCTEH M Ha/Ie)KHOCTH ITPUMEHSIEMBIX
KOMITOHEHTOB HMMeeT Ooublnoe 3HaueHue. Pa3paboTka paauo3IeKTpOHHOU
anmapaTypbl Ha HalleM IpeJIpHsITHH B HACTOsIee BpeMsl Bce Ooublie
0a3upyercsl Ha HCIOJIb30BaHUH BEICOKOMHTETPUPOBAHHOM JIEMEHTHO 0a3bl.

[Tpn MOHTaXXe MUKPOCXEM B CIIOXKHBIX KOPITycax ITaiika Bpy4JHYIO JIH0O He
BO3MOXKHa COBCEM, JIMOO He oOecreunBaeT MOBTOPSIEMOCTH KadecTBa
MOHTaXa, a, CJIECJOBATEIbHO, U Ka4eCTBA M3JENHs B eJIOM. MOHTaX B Ie4n
OIUTABIEHUS pPElIaeT 3Ty NpoOJeMy, HO OCTaBISIET OTKPBHITBIM BOIPOC
peMoHTa ammapatypbl (B TOM 4YHCIE€ TaK Ha3bIBa€MOW JOpabOTKH) U
KOMOMHHPOBAHHBIX METOJIOB MOHTaXa.

Peirenre mnepedyHcieHHBIX MPOOJIEeM ObUI0 HaWAEHO B TPHUMEHEHUH
YCTAaHOBOK CEJIEKTUBHOM IaiKu. BbU1 NpOBENEH psA SKCIEPUMEHTOB Ha
ycranoBke ONYX 29 ¢. Zevac, KOTOpble MOATBEPIUIN MEPCHEKTUBHOCTh
CEJIEKTUBHON MalKM IPU MOHTaXKe CIIEIHAIbHOMN aNmnapaTypsl.

OpHOW W3 TJIaBHBIX OCOOCHHOCTEH YCTaHOBOK JIaHHOTO THIIA SIBISIETCS
cUCTeMa BU3YaJbHOTO MO3UIUOHUPOBAHMSA KOMIIOHEHTA Ui YCTAHOBKM Ha
raty. brarogapst maHHOI crcTeMe MOXKHO YCTaHOBUTH HA MEYATHYIO IIIATY
KOMITOHEHT JI000H CIIO)KHOCTH, OT MHKPOCXEMBI B KpYIHOTaOapHUTHOM
KopIyce 10 4MI-3jieMenTta Tunopazmepa 0201.
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YCTaHOBKH CEJEKTUBHOW NalKh OOCCIEYHBAIOT HE TOJIBKO MOHTAX H
JIEMOHTaK KOMITOHEHTOB CO CTPOTHUM COOJIFOJCHHUEM TePMOIPOdHIs (peKumMa
Maiiku), HO ¥ TIO3BOJISIFOT BBIMOJHATH OYUCTKY IUIATHI OT OCTATKOB MPHUITOS
1ocJie JeMOHTaXXa U HAHOCUTH MasUIbHYIO MACTy.

Eme ogHa HeManoBakHash OCOOCHHOCTh — HIDKHUE TojorpeB miatel. OH
obecrieuynBacT PaBHOMEPHOCTE PacIipeIeNICHIsI TEMITEpaTyp BO BpeMs MK,
obecrieunBaeT IMOBTOPSIEMOCTb TOZOOPAaHHOTO TEpMOMPO(WIL, a TaKKe
M03BOJISIET MOHTHPOBATh KOMIIOHEHTHI Ha MEYaTHBIE IUIAThI, YCTAHOBJICHHbBIE
Ha MAacCCUBHBIE TEIUIOEMKHE KOHCTPYKUMHU. [l KaXZoro KOMIIOHEHTa
mo0oupaeTcs MHANBUIYaTbHBIH TepMOTPO(GUIs U BCE KOMIIOHEHTHI TaKOTO
THTIAa MOHTUPYIOTCS IO OAHAM H TE€M JK€ YCIOBHAM, YTO HCKIIOYAET OUINOKY
oreparopa.

B mpouecce maiiku obecriednBaeTcsi oOpaTHas CBsI3b MOCPEICTBOM
TepMomnap (KOTOpblE MOXKHO YCTAaHOBHUTH B JIFOOO€ MECTO KOHCTPYKIIUH,
IUIaThI, KOMITIOHEHTA), OJIarofaps 4YeMy OCYIIECTBIICTCS CTPOTHIA KOHTPOJIb
olepanyy MaiKu ¢ BO3SMOXXHOCTBIO BMEIIATHCS B MPOIIECC HA JIIO00H CTaIuH,
YTO JIeJIaeT €r0 UHTEPAKTUBHBIM.

DKCIIepUMEHTHl  JIOKa3all, 9YTO JaHHBIA BHI O00OpyIOBaHWUI B
COBOKYITHOCTH C TaWKOH B TICYM OIUIABIICHUA OOECIEeYUBAECT IOITHOE
MOKPEITHE HYXI TPOU3BOJICTBA JJICKTPOHHOTO TPHOOPOCTPOCHHUS B
€IUHUYHOM M MEJIKOCEPUIHOM IPOU3BOICTBE, XapAaKTEPHOM ISl PAKETHO-
KOCMHYECKOM OTpaciu.

AJITOPUTM KOMILIEKCHOI 00padoTku HHpopMauu H0PTOBBIX
Paau03JIeKTPOHHBIX BUBHPHBIX CHCTEM [1JIsl OlleHUBaHuA (a30BbIX
KOOPIMHAT U PacNO3HABAHMS KJIACCOB BO3IYLIHBIX LeJIeil
UganoB C.JI., ABpamoB A.B., Tkauenko C.C.

BANY, r. Boponex

B mpormecce 6oeBoro mosiera camoJeTa-uCcTpeOUTest Ha ero OOpPTy dacTo
BO3HMKAeT 3aJada  (QOPMHUPOBAaHUS  BBICOKOTOYHOH  KOOPAWHATHOM
nHpopManuu 0 BO3AYMHBIX Ieneil (BLl) pa3smudHBIX THIIOB, CYIIECTBEHHO
OTIMYAIOIINXCA IPYT OT ApYyTa [0 MAaHEBPEHHBIM BO3MOXKHOCTSAM. OCHOBHOM
W3MEPHUTEIBHOW CHCTEMOH, pemaroniee yKa3aHHYIO 3a1ady, Kak IpaBHIIO,
sBIIsIeTCS OOpTOBast paauosiokanuonnas cranius (BPJIC), B koTopoii TouHOE
OLICHUBaHME KOOPAWHAT M MapaMeTpOB JBIKEHUS HaONIONaeMbIX Lenel
OCYILECTBIIACTCS B YCTPOWCTBE BTOPHYHOW OOpPaOOTKH CHTHAJIOB B
pe3yibTaTe BBINOJHEHMUsS KBa3UONTHUMAJBHBIX alITOPUTMOB  JIMHEHHON
¢unpTpanuu. CHHTE3 TaKuX aJrOPUTMOB OCHOBBIBAETCS HA HCIIOJIL30BAHHUU
MaTeMaTH4ecKHX MOJeNIel ABIKEHUs a’pOAMHAMUYECKHUX OOBEKTOB, B
KOTOPBIX ~ MAaHEBPCHHEIC CcrocoOHOCTH 00BEKTOB OTIMCHIBAIOTCS
(uKCHpOBaHHBEIM HAOOPOM MTAPaMETPOB.
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Ha mnpaktuke xapakrepuctuku comnpoBoxkaaembix BPJIC BII moryt
3HAYUTENbHO OTJIMYAThCS OT XapaKTePUCTUK HCXOIHBIX MaTeMaTHYeCKUX
MOJIeNIel, YTO SIBIISIETCS TPHUYMHOM CHIDKEHHS TOYHOCTH (OPMHPYEMBIX
OLIEHOK  ()a30BBIX  KOOpAWHAT M, KaK  CJIEACTBHE, YMEHBIICHHUS
9(GQEKTUBHOCTH  pEIIeHWs]  CaMOJIETOM-UCTpeOHuTeNleM — 3agad Mo
MIpeAHa3HaYeHNIO. B 3THX yCIOBHUSIX BO3HHKAET MOTPEOHOCTH B PEATH3ALNH B
coctaBe anropurMmmueckoro obecreuennss BPJIC mponenyp ¢uibrpanmn
aIalTUBHBIX K XapaKTepPHCTHKaM MaHEBPEHHOCTH CONPOBOKAaeMbIx BII.

Anamm3 ocoOeHHOCTeW (YHKIMOHHPOBAHHUS KOMIUIEKCA OOpPTOBOTO
PagHOdIEKTPOHHOTO  OOOPYZOBAHUSI  CAMOJIETa-UCTPEOHUTENST  MO3BOJSET
CYAMTH O BO3MOKHOM HAJMYIHMU Ha €0 OOPTY JIOMOIHUTENHHON HH(OpMALIUH,
KOCBEHHO XapaKTepH3ylolllell MaHEBpPEHHBIE CBOICTBa OOHApy>KMBaeMbIX
BPJIC BILI, a 3Ha4uT, MOJIC3HOM /TSI afanTallud CACASIINX KaHaJIOB CTAHIIMH.
K Takoit mH}opManuu OTHOCATCS pe3yibTaThl PACHO3HABAHUS KJIACCOB
ueneit, nosydaemsle BPJIC, a B HEKOTOpBIX citydasix, 1 OOPTOBOM cTaHIUEH
panuorexundeckoit paszsenku (CPTP).

B pabGore Ha OcHOBe TEOpHUH CHCTEM CO CIIy4aiHOW CKauKooOpa3HOM
CTPYKTYpOIl M MeTo#a JBYXMOMEHTHOM HMapaMeTpHUYecKOl anmpoKCHMAIHH
CHHTE3MPOBAaH KBa3HONTHMAJBHBIA aJITOPUTM aJANTHBHOTO OLICHWBAHMS
(a30BBIX KOOpPAMHAT M PaclO3HABaHUS KJIACCOB COMpOBOXaaeMbix BPJIC
BII, ocHoBaHHBI/i Ha oOBenmHEeHWH TakTHueckor uH(popmarmu BPJIC u
CPTP. IlpoBenenHoe wucciemoBanue >((HEeKTUBHOCTH AaHHOTO aIrOpUTMa
NOKa3blBaeT, 4YTO €ro XapaKTePUCTUKH OOECIeUuUBaOT OECCPhIBHOE
BBICOKOTOUHOE CONpoBoXxaAeHHe BI[ cyliecTBeHHO OTIHYAIOMIKUXCS IO
MaHEBPEHHBIM BO3MOXXHOCTAM. Kpome 3Toro, ajroputM MO3BOJSIET
MOBBICUTH JIOCTOBEPHOCTh PACIO3HABAHUS KIJIACCOB Lieled B pe3ysbTaTe
ob0beanHeHns: coorBercTByronmx pemeHnid bPJIC u CPTP, a Taxke ydera
IpyY KJ1accuUKanuy TpaeKTopHOH nHpopmarmu o BII.

MHorodgyHKnuoHanbHast 00pTOBAas AHTEHHas pelIéTka
HHTETPHPOBAHHOI0 PATHOICKTPOHHOI0 KOMILTIEKCa
Konppartsepa C.I.

MAMU, r. MockBa

PynopHast aHTeHHas pemérka C BOJHOBOJHOM pPaclpeneIuTeNIbHON
CHCTEMOI1 MMeeT MaJble OTepH U odecrednBaeT paboTy B MIMPOKOI mojoce
HacCToT. Peanmaum[ AHTCHHbBI Ha CTaHAApTHBLIX 3JIEMEHTaX BOJHOBOIHOI'O
TpakTa C WCIOJNb30BaHWEM (DIIAHIEBBIX COEJIMHEHUH U Kperexa He
YIIOBJIETBOPSIET TPeOOBaHMSIM K MaccOrabapUTHBIM  XapaKTepHCTHKaM
6opToBeIX aHTeHH. [loaTOMy HenecooOpa3HO MPH HM3TOTOBIEHWH aHTECHHOU
CHCTEMBbl  HCIIOJB30BaThb COBPEMEHHBIE  TEXHOJOTHH,  IT03BOJIIOLIHE
OOBEANHUTH BCE BJIEMEHTHI M3ITydarolled W paclpeeluTeIbHONH CHCTEMBI B
enuHbIi 0sok. TakuM 00pa3oM, MOJKHO OTAENBHO PacCMaTpUBAaTh aHTEHHOE
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MOJIOTHO, COCTOfAIEE M3 PYNOPHBIX H3JIydaTeled M paclpeesTUTENbHYI0
cucremy. OmHako, i (OPMHUPOBAHUS MOHOHMMITYJIECA B TOPH3OHTAIbLHOU
TUIOCKOCTH HE00XOIUMO, YTOOBI pPasHOCTh (a3 MeXkay IBYMs paBHBIMU
TOJIOBMHAMH aHTEHHOTO MOJI0THA cocTapisuia 18(F

Hanbonee KOMMAakTHBIM BapHaHTOM MOCTPOEHHS PacTpeleIuTeNbHON
CHCTEMBI SIBIISIETCSl ABOMYHAS CHCTEMa, pealM3oBaHHas Ha E-TpoiitHmkax c
HCIIOJIb30BAHUEM TEXHOJIOTHH T'aJbBAaHOIUIACTUKU. [Ipy NEneHnH MOIIHOCTH
¢ nomomipio E-TpoitHnkoB, B mieuax aenurens (asza curHana oTIMYaeTcs Ha
180, a mpoTuBOGa3HOE [eTeHHe MOIIHOCTH KOMIEHCHPYETCS TOIBKO B
JBOMYHOH  cxeme geneHus. Kpome  Xopommx  MaccoradapuTHBIX
XapaKTEepUCTHK, 3Ta paclpelesuTeNbHas cUcTeMa o0NagaeT XOpOIIUMHU
(ha30BBIMU XapaKTEPUCTHKAMK B paboueil mosoce 4acToT. TakuM oOpasom,
1esiecooOpa3sHo B aHTEHHOM MOJIOTHE pa3MellaTh IEMEHTHI 1Mo 2n, TAe n-
LIEJI0e YHUCTIO.

AnTeHHas pemérka GOpMHPYET CyMMapHbIe TUarpaMMbl HallPaBICHHOCTH
(AH) mpu pabore Ha M3IMydeHHEe W Ha IpuéM, a Takke pasHoctHyo JIH B
a3UMYTaNbHOW IUIOCKOCTH Tpu pabote Ha mpuéM. I[lomoTHO pymopHOH
AQHTEHHOW peméTKku o0pa3oBaHO 256 W3IyYaTelnsIMd, pPa3MEIIEHHBIMU
SKBUIUCTAHTHO. TpeOyembrii Huskuit YbJI=-24 nb MoxeT ObITh TOCTUTHYT
NPU UCIIOJIb30BaHUU CIAJIAIOIIET0 K KpasiM aMIUIUTYIHOTO paclpeielieHHs.
[IpenBapuTenbHbIe pacyETHl PEMIETKN MO3BOJISIIOT ONPENEIUTh ONTHMAaJIbHbIE
rapameTpsl ero KOHCTPYKIMH. Pa3mepsl u3nmyuarens 0OeCIeYHMBaIOT Iuar
peméTkn He Oonee JUIMHBI BOJHBI Ha caMOM BBICOKOH dacTtoTe. BEIOOp
M3TydaTedast  aHTEHHOM  CHUCTEMBI  OmIpeaenseTcs  KOHCTPYKTHBHBIMH
TpeOOBaHMSAMH, KaK KO BCEH aHTEHHE, TaK M K paclpeAeInTeIbHON CHCTEME.
UnceHHOE 3MEKTPOAMHAMUYIECKOE MOJEIMPOBAHNE IO3BOJSET ONPEACIUTD
XapaKTEePUCTUKU HANpaBIEHHOCTH, COTIACOBAHHE W ONTHUMAIbHBIE Pa3MEpBhI
PYHOPHOTO H3TydaTelds C Y4ETOM TEXHOJOTHMH H3TOTOBICHMA. Bpicokas
TOYHOCTh 3NIEKTPOJMHAMHUIECKOTO MOJIETTMPOBaHUS HCKJIIOYaeT
HEOOXOANMOCTb IKCIIEPUMEHTAIBHON OTPAOOTKH M3ITydaTellsi B PELIETKE.

Takum o0pa3oM, BbIOpaHAa TEXHOJOTHS HM3TOTOBJICHHS AHTCHHBI,
obecrieunBamolias MHHUMalbHyl0 riyOuHy. [lokazaHa BO3MOXKHOCTB
IOy YE€HHS TpeOyeMbIX XapaKTEePUCTUK HarpaBJIeHHOCTH pu
WCIIOJIb30BAaHUH TAaHHOH TexHojoruu. Pa3zpaboTanHa s3ieKTpoIuHaMHUYecKas
MO/IeNTb aHTEHHOM PElIETKH.
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HcciienoBanne BeJHYMHBI OTKJIOHEHHS TJ1aBHoro Jenecrka JIH miockoit
DAP 0T 0ceBOro HanpapJeHUs1 MOCJIe MPOBeJAeHUs] KAJMOPOBOYHBIX
npoueayp B 0.1uxkHel 30He B 3aBUCUMOCTH OT OIIMOKH Onpe/ejeHus

KOOPAUHAT I0CTHPOBOYHOI AaHTEHHBI
MuTtuxos A.M., Kopoteuxuii E.B.
Pagnogusmnka, r. Mocksa

B naHHOW cTaThe paccMaTpHBaeTCs BIMSHHE OIIMOKM OIPEAETIeHUs
KOOpIMHAT KaTHOPOBOYHOM aHTEHHBI, PAcCIIOJIOXKEHHOH B ONMKHEH 30HE
O®AP, Ha BeTMUMHY OTKJIOHEHHSI OT ocu Jtyda [IH.

[pu xamubpoke DAP B OmmKHEH 30HE KPUTHUYSCKH BaXHO 3HATH
MOJIOKEHNE KalnnOpOBOYHOM aHTEHHbI. Ecii HOBBIE KOOPIMHATHI aHTCHHBI
W3BECTHBI, TO BO3MOKHO OCYIIECTBIICHHE KaIMOPOBKU B HOBBIX YCIIOBHSX, C
HCIIOJIb30BAHUEM KOPPEKTHPYIOIIETO KOMIIJIEKCHOTO MHOXXHUTEIA,
PacCYUTAHHOTO JJI1 HOBOTO IOJIOXKEHHS FOCTHPOBOYHON aHTEeHHHI. 1pu aToMm,
nepecyeT Pe3yNbTaToB KaJHOPOBKM K JajbHEH 30HE MOXKET TEOPETHYECKU
HPOUCXOJUTH 0€3 MOTEPH TOYHOCTH. 3a4acTyI0, OJHAKO, HOBBIE KOOPANHATHI
AQHTEHHBI HEU3BECTHHI U JaXK€ HEHU3BECTHO, YTO aHTEHHA «YIIUIa» U3 CBOETrO
nojoxkeHus. [lpu 5ToM KanMOpOBKAa TPOM3BOAMTCS NpH  (pakTHUECKH
WN3MEHUBIIEMCS TI0JI0)KEHUN BCIIOMOTaTeNILHOM AHTEHHBI, a
KOPPEKTUPYIOIINI MHOKHUTENb HUCTIONB3YETCs ULl HCXOAHOTO €€ ITOJIOKEHUS,
YTO NPUBOAWT K OIIMOKE NPH ONpENeNICHHH COOCTBEHHBIX KOA(D(HIMEHTOB
nepenayn.

CHagana BBIBOIATCS (POPMYIIBI ISl aMILTUTYAHO-(Da30BOTO pacipeaesieHIs
B packpeiBe DPAP mocrme KaiMOpOBKH IO OMIMOOYHBIM KOOpAMHATAM
IOCTHPOBOYHOM aHTEHHBI, 3aT€M PAacCMAaTPHUBAETCS BIUSHHE OUIMOKU BAOJb
aneptypsl ®AP Ha OTKJIIOHEHHE OT OCH IJIABHOTO JIyda, 3aTe€M, BAOJIb OCH
DAP.

B 3aBepmieHnn paboOTH, B COOTBETCTBHH C IOJYYEHHBIMH (OPMYJIaMHu,
ObUTH clesaHbl BBIBOJBI, YTO paccMaTpHBaeMasi OMIMOKa BJOJb arepTyphl
®AP cunmpHee BiIMSET Ha yroj OTKJIOHEHWS TJIABHOTO Jiy4ya, 4eM OIIMOKa
BIONb € ocu. Ha paccTosHMSX 10 KaIMOPOBOYHOW aHTEHHBI CPAaBHUMBIX C
pamuycoM ameprypsl, TpeOyemasi TOYHOCTh YCTaHOBKH CBHCTKA CpaBHHMa C
JUTHHOMN BOJIHEL.

O0opynoBanue 11 CTHPAHUSA HHPOPMALUH € IEKTPOHHBIX HOCHTeIel
Ky3pmunsix A.C., @ecenko M.B., Xionos b.B.
IMHUPTHU um. akagemuka A.W. bepra, r. Mocksa

[lpuMeHeHHe HOBBIX COBPEMEHHBIX TEXHOJOTMH BO BCeX 00JIAcTsX
MIPOU3BOACTBEHHON JE€ATENBHOCTH CTaJ0 UPE3BBIYAWHO 3aBUCUMO OT
WCIIOJIb30BAHUSI U XpaHEeHus: nHpopManuu. [IpoMbInuIeHHBIE TPEeIIPUITHS,
OpraHu3aluyd KU CTPYKTYpbl, B TOM YHUCJE, HAXOASIIUECH B IOAYUHEHUU
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BOCHHBIX BEJOMCTB B KaueCTBe HOCHTEJCH WH(OpMAIMK, IIHPOKO
UCTIONB3YIOT Pa3IHYHBIC 3JICKTPOHHbBIC HOCUTENH. M mpobiieMa YHHUYTOXKCHUS
nHpOpPMAIIU 0COOCHHO SKCTPEHHAs, IMECT BaXKHOE, a BO MHOTHX CIy4Yasx,
pemiaroniee  3Ha4eHHWE C TOYKM 3peHHst Oe3omacHocTH. Tak — Kak
KOMIBIOTEpU3AIMsS  UHPPACTPYKTYPHl  MPOMBIILICHHO-Pa3BUTHIX  CTpPaH
TprBeNIa B HACTOAIIEe BpeMs K OypHOMY Pa3BUTHIO TEXHHYECKHUX CPEICTB,
MO3BOJISIOMIMX ~ JOOBIBATh  KOH(PHUICHIMANBHYIO  WHQOpPMAIUIO W3
KOMIIBIOTEPOB U KOMITHIOTEPHBIX CETEH.

[TosToMy mpeacTaBiIsieT OTPOMHOE IPAKTHYECKOE 3HAYEHHE BBIpabOTKa
KOMIUIEKCHOTO TIOAXofa K Tmpobieme 3amuTel HHpopMarmn. JlaHHas
mpobiiemMa OIpenenuia Lelb CO3MaHUA O0OPYHOBAaHHS O00ECIIEYHBAIOIICTO
HaJIe)KHOE M TapaHTHPOBAHHOE YHHYTOXKeHHWE MH(OpManuu 3alHMCcaHHOW Ha
Ppas3IMYHBbIX 3JICKTPOHHBIX HOCUTEIIAX.

B pesynbrare paGoThl ObUTM pa3paboTaHbl MEPEHOCHOE W CTAllMOHApPHBIE
yCTporicTBa yHHYTOXKEHUS uHpopMmanuu ¢ HXKMJ[ meromom Bo3meHCTBHS
MMITYJIbCHBIM MAarHUTHBIM TTOJIEM.

PazpaboTano W  cO3maHO  YCTPOMCTBO, KOTOpOE  pa3Memniaercs
HENOCPEJCTBEHHO B IEPCOHATHFHOM KOMIBIOTEpE. OTO  YCTPOUCTBO
MpeTHa3HAuYeHO TIABHBIM 00pa30M ISl SKCTPEHHOTO CTHpaHUS WHPOPMAIIHH.

Paspabotan obOpazen mpubopa I cTUpaHusS WHPOPMAIIUH Ha HOCHUTEIITX
nHpOpPMAINK C JHEPrOHE3aBUCUMON NaMATHIO, B KOTOPOM HCIIOJIB30BaH
KOMOWHHUPOBAHHBIA CII0CO0, COBMEMIAIONINA B cebe MeToJ BO3ACHCTBHA
CBCPXKOPOTKHUMHU DJJICKTPOMArHUTHBIMHU HUMITYJIbCaMU U BOS}IeﬁCTBHﬂ Ha
YHpaBIAOIUEC BEIBOABI HOCUTEIA UMITYJIbCOM BBICOKOT'O HAIIPSIKCHU .

Pa3paboransl mpuOOpHl Ui cTUpaHus WH(QOpMAalMK C ONTUYECKUX |
MarHUTOONTUYCCKUX HOCHTEICH METOIOM MEXaHUIECKOTO BO3JICHCTBUSI.

PaccMoTpeH BapwaHT 3alIUThl KOPIOPATHBHOW HH()OPMAIMOHHON CceTH
CBSI3U C HCIIOJIb30BAaHHEM METO/a aBTOMATHUYECKOTO CTHpaHHs WH(GOPMAIUU
TP HECAHKIIMOHUPOBAHHOM JIOCTYTIE.

HNuTepdepomerpndecknii pexxum PJIC ¢ cuHTe3upoBaHHeM anepTyphl
NpH BpaueHuu (pa3zoBoro HeHTPa peajabHON aHTEHHbI
Tarapckwuii b.I"., Maiictpenko E.B., fcennes /I.A
MAMU, r. MockBa

OgHMM M3 OCHOBHBIX JOCTOMHCTB DPAaJUOJOKAI[MOHHBIX CHCTEM C
cuHTesupoBanueM aneptypsl (PCA) sBiseTcss HX BCECYTOYHOCTh U
BCEIMOTOJHOCTb, & TAKXKE€ BO3MOYKHOCTh JOCTHKEHUS BEICOKOH paspeliaroniei
CIIOCOOHOCTH (meTanbpHOCTH) MOJIy4aeMOoro PazvoIOKaIMOHHOTO
nzobpaxenus (PJIN). Henocratkom cymectByronmx PCA, ucronb3yromux
onvH (Ha30BBIM LEHTP peaJbHOW AHTEHHBI, SBISIETCS HEBO3MOXKHOCTH
¢dopmupoBarnss  TpexmepHbIx PJIM  moxacTunaromed  TIOBEPXHOCTH,
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MO3BOJIAKOIUX CYIIECTBEHHO IIOBBICUTH KAa4€CTBO HMX BOCIIPUATUA U
UH()OPMATHBHOCTB.

CpencTBoM MpPSIMOTO  TTONYYEHHsS TPEXMEPHBIX HW300pakeHuil penbeda
SIBISIIOTCSL Tak HasbiBaeMble HHTepepomerpuueckue PCA. OcHoBHOe uX
orauyue OT oO0buHBIX PCA — Hamwume IBYX pa3HECCHHBIX IO BBICOTE
(ha30BBIX IIEHTPOB AaHTEHHOW CHCTEMEBI, C TIOMOIIBIO KOTOPBIX (HOPMHUPYIOTCS
IBE PpaJWoOTOIIOTPaMMBI, oOpabaTbiBacMbie  coBMmecTHO. CoBMecTHas
00paboTka, 3aKIIOYAIONIascs B W3MEPEHHH pa3HOCTH (a3 CHUTHAIOB,
BOCIIPMHIMAEMBIX B Pa3HBIX TOYKAX IpHUEMa, TO3BOJIIET OIIEHUTH YTOJI MECTa
9IEMEHTOB paspemieHusa. [, ciemoBaTtenbHO, BBICOTHI  HAOIIOIAEMOTO
00BeKTa. B 3aBUCHMOCTH OT CHTyallid BO3MOXKHO OJHOBPEMEHHOE WIIN
pasHeceHHoe 1o BpeMenu (popmuposanre PCA-romorpamm.

B JIOKJIae paccMmarpuBaeTcs uHTephepoMeTpudecKas PCA,
(dbopmupyroIasi CHHTE3UPOBAHHYIO amepTypy 3a cueT BpaimeHus: (a3oBOro
LIEHTpa peajbHOW aHTEHHBI, a TaKXKe aHAIM3UPYIOTCS OCOOCHHOCTH
00paboTKM cUrHaJIOB MpH JaHHOM noctpoeHnn PCA u pa3znnuHbIX criocobax
(hopMHUpOBAHHS PATUOTOJIOTPAMM C IIEIBI0 TOIYYCHUS HWHPOPMALIUU O
penbede moACTHIIAOIEeH TTOBEPXHOCTH.

Yeusmmrenu momHocTH nudposeIx IIITM «smart» — aHTeHH
Manaxos P.1O.
MAMWU, r. MockBa

TexHonorust akTUBHBIX (ha3UPOBaHHBIX aHTEHHBIX pelieTok (ADAP) Ha
CETOJHS SIBIISETCS JAOMHHUPYIOUIEH NpPH IMOCTPOEHHM PAIHO3IEKTPOHHBIX
CUCTEM paznuyHoro HazHaueHus. KitoueBbiM sneMeHTOM ADAP sBhsiercs
npuemo-niepepatomuii Mmoayns (I11IM), Bkirouaromuii B ceOst IUQpOBEIE
CXEMBbI CUHTE3MPOBAHUS YaCTOTHl U MOAYJISALMM CUTHAJIA, MOCTOBBIE CXEMBI U
CBY ycunutenu, OT Ka4eCTBEHHBIX XapaKTEPUCTHUK KOTOPBIX 3aBUCUT
(YHKIIMOHATHFHOCTh MOJYJIS B IIEJIOM.

OpHuM U3 croco0oB MOBBIIEHUS (QyHKIHOHATEHOCTH ADAP sBistercs
nudpoBoe amarpamMmoOpaszoBaHue. VIcronmp3oBaHHWE  CIIOKHBIX — BHIOB
nuppoBOA  MOAYIAIMHM TPHUBOJUT K YXKECTOUEHHIO TpeOoBaHMH K
JIMHEMHOCTU XapaKTEpUCTUK OKOHEUHbIX ycwiurened B IIIIM 1npu
coxpaHeHud BbICOKHMX 3HaueHuil KIIJI u BbIXOmHOW MOIIHOCTH. BhiOOp u
000CHOBaHHE TEXHOJIOTHH, JIOKAIIUX B OCHOBE yCHIHUTENs MouHocTh (YM),
SIBJISIETCSI KPUTHUECKUM TIPH OCTPOSHHUHU HU(PPOBBIX aHTEHHBIX PEIIETOK.

Bonpmoit mporpecc B MOCHEAHHUE AECATHIETHS TOCTUINIM TEXHOJOTHU
TIPOM3BO/ICTBA MOIIHBIX IOJIEBBIX TPAH3MCTOPOB Ha HuUTpHIe raums (GaN),
o0aarommue WIOTHOCTRI0 MomHOCTH 0 30 BT Ha MM mmpuHbBI 3aTBOpa,
YpOBHEM BHYTpPEHHHX (Da30BBIX NIYMOB He TmpeBblmatonM | 1b,
pabotaromue B muama3oHe BIUIOTH q0 50 I'Tu. Mcnonp3oBaHme pexxuma c
oTceukoii Toka, SiC MOOI0KKH U TEIIOOTBOIAILINX IOIJI0KEK - CIUIAHHOB
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MO3BOJISIET OOJIETYHUTh pEUICeHHuEe MNpoOIeMbl TEIUIOOTBONA, TEM CaMbIM
yIAy4dIIMB  MaccorabapuTHbBIE  XapaKTEPUCTHKU  YCHIHMTENs. BaHbIM
aCIIeKTOM IPOEKTHPOBAHUS COBPEMEHHBIX YM sBIIsieTCS BBHIOOP HE TOJBKO
aJeKBaTHOM  HeJMHEHHOoH MOJEIU TPaH3UCTOPA, MO3BOJISIOIIEH
MpECKa3blBaTh HHTEPMOAYJIALUOHHBIE TIOMEXH M TEIJIOBBIE W3MEHEHHS
IapaMeTpoB peXHuMa, HO U KOPPEKTHOTO METOJa M3BJICUCHHS] BHYTPEHHUX U
BHEIITHHUX [TapaMETPOB HIEMEHTOB SKBUBAJICHTHOH CXEMBI.

OcymecTBisiss TH(GPOBYI0 MaHHUIMYIALUIO, MOXynsTop mudposoro IIIIM
BHOCHUT B KaHAJI JJONIOJIHUTENbHBIN ()a30BBIil CIBUT U YIPABJISET aMILTUTY 10N
BBIXOJHOTO KoONeOaHUs, co3/1aBas HEOOXOOMMOe aMIUTUTYIHO-(a30Boe
pactpenenenue (ADP) B pemeTke MM KOppeKkTupys ero. B pesymsrare, Ha
BXx0oZ YM mpuxomut ciuoxusiii CBU curaan, npoMomylTupoBaHHBIM, Kak IO
4YacToTe, TaKk M MO aMIUIUTyJe U (aze. DTO NPUBOAMT K 3HAYUTEIHLHOMY
Y)KECTOUCHHUIO TpeOOBaHWH K YPOBHIO HEITMHEWHBIX MCKOKEHUH U
BO3MOXKHBIM HECTAOMJIBHOCTSIM IHUTAIOIINX T'€HEPaTOpOB B YCHIIMTEIBHBIX
KacKajax.

IIpoBeneH aHanM3 CyHIECTBYIOIIUX TEXHOJOTUMH NPOU3BOACTBA MOIIHBIX
CBY Ttpan3ucTopoB. BriOpaHa TeXHOJOTHS, THII TIOJUIOKKH, OIMCAHBI
BO3MOJXKHBIE METOZBI 0TBOJA Teruia st YM X-nuanasona. IIposenen o63op
HenuHEeWHbIX Mojened GaN  TpaH3UCTOPOB U METOAOB  M3BJICUEHUS
MIapaMeTPOB SKBUBAJICHTHOI CXEMBI.

MaJsioraGapuTHBbIH JIOTONEePHOANYECKUH H3J1y4YaTeb A5 JUHeHHOH
AHTEHHOH peleTKH
Munocepnos M.C.
MAMU, r. MockBa

Jloronepuonuueckas BuOpatopHas anteHHa (JI[IBA) - mocrarouyHo naBHO
M XOpOIIO W3BECTHBI IIMPOKOMONOCHBIM wW3mydatens. OpHako, i
OIIPEZIETICHHOTO KpyTa 3a1ad, Korha K rabaputaM aHTCHHBI NPEAbSBISIOTCS
KpaiiHe JeCTKHe TpeOOBaHMS W3-32 YCIOBHH pPa3MEIICHUS, BO3HUKAET
HeoOXxoauMocTh yMeHbleHus pasmepoB JIIIBA. CymecTByeT HECKOIBKO
MyTeW YMEHBIIECHUS Pa3MEPOB TAKOI AHTEHHBI:

— IIOMEILEHUE »HIIEMEHTA B CHMMETPUUYHBIM JMANEKTPUYECKUH CIION

TOJMIMHOMN ¢ 1 a0CONFOTHOW AMANEKTPHUSCKON IPOHUIIAEMOCTRIO & P

— HCIIOJIb30BaHUC KBa3H(1)paKTaHLHOﬁ reéoOMETpUN JIOTOINCPUOANYCCKOTO
NEYaTHOI'O U3JTyUaTelid;

— HCIIOJIB30BAHHC MeaH}IpOBOﬁ KOH(i)I/IpraHI/II/I JIOTOTIEPUOANICCKOT O
NEYaTHOT'O U3JTyUaTelid;

— HCIOJIb30BAHUEC MCTAMATCPUATIOB B KOHCTPYKIHUU JIOTONIECPHOANICCKOIO
NEYaTHOT'O U3JTyvdaTelid.
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[IpuMeHeHHe MeTamMaTepHajoB — JOCTAaTOYHO CIIOXKHBI IMyTh C TOYKH
3peHus] TMPAaKTUUECKOM peanu3anuu. MeaHIpoBbIe M KBasu(paKTalbHbIC
koHduryparmn JIIIBA ymoOHBI Al NPakTHUECKOH peaju3alud, HO WX
HCIOJb30BAHUE MPHUHIUNHANIBHO COKpAIIAeT TOJIbKO BEPTUKANBHBIA pazMep
AQHTEHHBI, a TPOJOJBHBIN pa3Mmep octaercs TeM ke. Ilorpyxenue JIIIBA B
CHMMETPHYHBIA JUAIEKTPUIECKHH CI0M YMEHBIIAeT pa3Mephl aHTCHHBI U B
BEPTHUKAIFHOM M B TIPOIOJIFHOM HANpaBlCHUSAX, HO TIPH 3TOM HYKHO
YUYHUTBIBATH TO, YTO B AMIIICKTPUKE MOKET PACIIPOCTPAHATHCS MOBEPXHOCTHAS
3JIEKTPOMAarHUTHasI BOJHA, & 3HAYUT HEOOXOIUMO BBOJIUTH JIOTIOTHUTEIBHBIC
OTPaHWYCHUS] Ha TOJIIMHY IUIEKTPUUECKOTO CJIOSl U Ha IIUPUHY IOJOCHI
AHTEHHBI.

B pabGore mnpuBenen ananmu3z mneuatHoit JI[IBA, mnorpyxeHHol B
CUMMETPUYHBIA AMAJIEKTpUYecKuid ciod. [loxasaHbl NpUHIUIUAIBHBIE
OTPaHUYEHHUS Ha TOJIIMHY IUAJIEKTPUKA KaK C TOMOUIbI0 AaHATUTHYECKHX
¢dopMyN, TaKk W B XOAE UHMCICHHOTO OSKCIEpHMEHTa. Takke B KauyecTBe
IpuMepa TMOKa3aHO KOHCTPYKTUBHOEe pemieHue ans pasmemienus JIIIBA c
mosocoiit 1..1.6 I'Tu mox oOrekareneM HOCKa KpblUla camojera. AHanu3
XapaKTEePUCTHK TPOBOJMIICS METOIOM KOHEYHBIX Pa3HOCTEH BO BPEMEHHOU
obmactu. IlpuBeneHsl auarpaMMbl HalpaBIEHHOCTH W XapaKTEPHCTHKH
COTJIACOBAHUSI OJHOTO H3JIydaTeldst B COCTaBE OCCKOHEYHOW aHTECHHOU
pemetku (AP) M XapaKTepUCTHKH KOHEYHOW |2-THW >EMEHTHOW JIMHEHHOU
AP 1151 IMPOKUX YIJIOB CKAHUPOBAHHUS.

MHoroay4yeBasi aHTeHHa JUIsl CHCTeMbl CITYyTHHKOBOJ CBSI3M HA OCHOBE
pelleTKH U3 KPYNHOANePTYPHBIX U3/1y4aTeliei
INonomapes JI.B., Beuromos B.A., Munocepnos A.C.

MAU, MI'TY um. H.O. baymana, r. Mocksa

BHenpenne MMPOKONOIOCHOTO AOCTYNa K MYJIbTHCEPBHCHBIM YCIIyram
cucteM cryTHHKOBOH cBsizu (CCC), B 0COOCHHOCTH, ¢ UCTONb30BaHneM KA
Ha reoctanuoHapHoil opbute (I'CO), TpeOyeT 3HAYMTEIHFHOTO ITOBBIICHHS
koapdummenta ycunenus (KY) Ooproeeix anteHH. OmHOBpEMEHHO,
TpeOyercsi obecniedeHne OOCTYXMBaHWS aHTEHHBIMH cucteMamu ¢ KA Ha
I'CO rnobanpHOI WM PETHOHAIBHOW 30HBI. OJTO  CYIIECTBEHHOE
NPOTUBOPEYHE pa3pelaeTcsi ¢ HMCIONb30BaHUEM Ha OOpPTY MHOTOJIYy4YeBBIX
AQHTEHH.

MsuoronyueBbiMu anTeHHamMu (MJIA) ocHalieHbl COBpEMEHHbBIE 3apyOeiK-
HBIE PETPAHCISITOPBI CUCTEM CITyTHHUKOBOHW CBSI3M, B 4aCTHOCTH B «Anik-F2»
n «Thaicom-4». 3BectHa oteuectBeHHas OoptoBast MJIA [1], nemoHCTpH-
poBaBmiasicsi Ha BeicTaBke «MAKC-2009» u mpennasnauenHas ans KA nHa
I'CO. Antenna ¢opmupyer 32 oxHOTpaxyCHBIX JIyda Al OOCIYyKHBaHHS
Tepputopuu PO ¢ mpuneraroniMu 3apyOeXHBIMU CTpaHAMH.
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Kak mnpaBuiio, B KkauecTBe OOPTOBBIX HCIIOJIB3YIOTCS JIBYyX3epKaJbHbBIE
aQHTeHHBI ¢ OOJbIIUM (2...3 M) OCHOBHBIM 3€pKaJOM Jjsi OOCCIeUCHUs
tpedyemoro KVY. [lpuuem mis JOCTHIKEHHS BBICOKHX 3JEKTPUYECKUX
XapaKTepUCTUK, a HMMEHHO YMeHblleHus mageHuss KY Ha Kpasx 30HBI
00CITyXKMBaHMsI, pa3Mep MaJloro 3epKaja BhIOMpaeTcsi OJM3KMM K pasmepy
ocHOBHOTO. ClemyromuM HEJOCTATKOM IIPUMEHSEMBIX aHTEHHBIX CHCTEM
SIBIISIETCSI HEBO3MOXKHOCTHh OOECIIEUEHHs alulaHaTHU3Ma B JIBYX IUIOCKOCTSIX,
Uil 4gero Ha 3apyOekHbIX KA TpUMEHSIOT aHTEHHBIE W3 HECKOJIBKUX
IBYX3epKalbHBIX aHTEHH ¢ Oousbimoil ameprypoil. [lomoOHBIE aHTEHHBIE
CHCTEMBI  SIBISIFOTCS  JOPOTOCTOSIIMMH, BO MHOTOM  OINpPEIEISFOIINE
CTOMMOCTh BCETO KOMIUIEKCA.

B HacrosimeM nokiajie mpeyioxkeH crocod moctpoenus 6oproBeix MJIA
g CCC Ha OCHOBE peIIeTKH M3 KPYMHOANepTYPHBIX H3TydarTenei, T.H.
MHoOroxy4eBbix anTeHHbIX cucteM (MAC). MAC coctout u3 u3ny4aTenei B
BUJE€ MHOTOJYYEBBIX 3€pKaJbHBIX aHTeHH. Ortmazaer HeoOX0IMMOCTh
MIPUMEHEHHs alUlaHaTHYEeCKUX 3epKall Juisl obecreyeHus: nocrtostacTea KY B
rJ100aIbHOM 30HE 00CITy)KUBaHUSL.

[MpennoxeHHBI BapuaHT WMEET W  HEJOCTAaTKH, CBS3aHHBIE C
HEOOXOIMMOCTBIO BBITIOJHEHHS O0JydaTelnsl K10 3epKaJIbHOM aHTEHHEI B
BHJIC TIEPUOINIECKOI aHTeHHOU pemeTkn (AP).

B rnoxmaze mpuBOAATCS pe3yiabTAaThl MOAEIMPOBAHUS MPEATIOKEHHOTO
mnydarenst MAC ¢ npumeHerneM nporpamMuoro makera FEKO. Onrtumu-
3MPOBaHBI pa3Mepsl 00TyuaTess, Mpoduib U POKYCHOE pacCTOSIHUE 3epKajia
JUISl KOHKPETHO# 3ajaun oOciyxuBaHus riodanbHoi 30Hb ¢ KA Ha 'CO n
(dhopMupoBaHUs MHOT0JIy4eBOI JarpaMMsl HAIIpaBJIEHHOCTH.
AHaNM3MPYIOTCS TaKKe IapaMeTpbl M XapaKTEPUCTHKH HAalpaBIeHHOCTH
Bceil MHOTOITyueBOM AP B TpeOyeMoM cextope 0030pa £8,7°.

[TomydeHHble pe3ynbTaThl MOTYT CTaTh OCHOBOW JUIsl JajibHEHIIETro
MIPOCKTUPOBAHMUSI OOPTOBBIX ~MHOTOJIyYEBBIX 3€pKaJbHBIX aHTEHH U
IU(POBBIX ATANTUBHBIX aHTEHHBIX pemeTok st CCC.

Jluteparypa:

1. BopToBast MHOTONTy4YeBasi aHTEHHa KOCMHYECKOTO peTpaHcisitopa / bei
H.A., Beatomos B.A., I'ypkun E.H. u np— M.: MI'TY mm. H.3. baymana,
ISSN  0236-3933. Bectmuxk MITY wum. H.D. baymana. Cep.
«IIpubopoctpoenuer, 2009.

Pa3paboTka MouHoro ycusmmresist X-auana3ona Ha GaN TpaH3ucrope
O6yxoB A.E., Cuactun M.B.
MAMU, r. MockBa

Ha coBpemeHHOM »3Tame OCBOCHHUS pPaAHO3NIEKTPOHHON ammapaTypbl
BO3HHKAET NMOTPeOHOCTH B puMeHeHnn MomHbix CBY ycrpoiicts. Hanbonee
MOIIHBIE TPAH3UCTOPHBIE YCHIIMTENN TPAAWUIMOHHO DPa3padaThIBAIOTCS LIS
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NepeAaTYNKOB  pPaJMOJIOKAlMOHHON  ammapaTypbl,  HCIOJNB3YIOTCS B
NepeaoluX YCTPONCTBaX paguo — U TeJIEBU3UNOHHOTO BEIaHUs, MOOMIIbHOM
CBSI3W, B YCKOPHUTEISAX 3apsUKEHHBIX YacTHIl, B YCTpOMcCTBax OBITOBOW W
MEIUIMHCKON amnmapaTypbl. B mpomnecce pa3paboTku ycuinTesst BO3HUKAET
HEOOXOJMMOCTh pEIIeHUs] psaa mnpoOieM, Cpead KOTOPBIX Takhe, Kak
obecriedyeHHe BBICOKMX 3HAYCHWH TOKOB W HANpPsDKCHUH, 3aJaHHOTO
koapdunmenta mnonesHoro neiicteus (KII), oTBoma paccemBaeMoit
MOIITHOCTH, TIPEIOTBPAIICHHS 3JICKTPUICCKOTO MPOOOS BEIOOpP AIEMEHTHOM
6a3sl, corimacoBanne Tpakrta CBY, pacu€r MOCTOBOI CXEMEI.

Hexotopsie u3 yka3aHHBIX TIpo0IeM Jierde pemaroTcs IPH UCTIONb30BaHUH
BaKyyMHBIX IpHOOpOB, HaripuMep, JIBB, oTnryarommxcst 3HaUnTeIbHO OoJiee
BBICOKOM CTOMKOCTBIO K paJuallMOHHBIM Bo3leiicTBuAM. OpHako, Takue
YCUJIMTEIN  TNPOUTPBHIBAIOT  TBEPIOTENBbHBIM 10  MaccorabapUTHBIM
XapakTepUCTHUKaM M  HANpsDKEHWIO HMCTOYHMKA MUTaHusA. Pa3ButHe
TEXHOJIOTUH BeJET K COBEPIIEHCTBOBAHUIO TaPAMETPOB MOTYTIPOBOIHUKOBBIX
mpuOopoB. BaXHBIM A1 PagMO’IEKTPOHUKM OSTAIlOM CTaJl0 OCBOCHHE
HuTpuArauieBslX (GaN) TEeXHOJOTHH W3rOTOBIICHHS MOIYIPOBOJIHHKOBBIX
YCTPOUCTB M TPAH3UCTOPOB B YACTHOCTH.

AxtuBHOe npuMeHeHre GaN TpaH3UCTOPOB B IOCJIETHEE BpeMs CBSI3aHO,
HampuMep, C TeM, YTO MaKCHMallbHas IMUpUHA 3alpeIIéHHON 30HBI NaT
BO3MOXKHOCTh pabOTBHl TakWX TPAH3UCTOPOB TPU BBICOKHX YPOBHSX
TEeMIEepaTypbl H pagudanud. BpICOKas KOHIIEHTpAaIHs JJIEKTPOHOB B
COYETaHUH C HUX BBICOKOH MOIBIKHOCTBIO JAa&T BO3MOXKHOCTH peaH3alliu
OOJIBIION TUIOTHOCTH TOKAa B KaHalle TPAaH3UCTOpa M, Kak CIEACTBUE,
BBICOKOTO Kod(duuuenta ycunenus. IlpemmymiectBamn GaN  aKTHBHBIX
ipr6opoB (AIl) siBISIOTCS BO3MOXKHOCTH paOOTHI B MIMPOKOH MOJIOCE YacTOT
Y TIOJTy4€eHUs BbICOKOTO 3ekTporHoro KII/I.

CymmupoBanne BY komebaHuWii OT MHOTHMX aKTUBHBIX 3JICMECHTOB
MMO3BOJISICT TOBBICHTH YPOBEHb BEIXOJHOW MOIIMHOCTH, HO TIPH 3TOM
BO3HHMKAIOT CIIO)KHOCTH, CBsI3aHHble ¢ KoHcTpykuuedl u KIIJ uneneit
pPa3BETBICHUSI W CYMMHpOBaHHsA C oOecredeHreM (Pa30BOM HACHTHYHOCTH
CYMMHpPYEMBIX  KaHaJOB M C  MIPEJOTBpAlIeHHEM  Iapa3uTHOIO
camMoB030ykaeHna. Ha HauampHBIX dTamax pa3paboTKH YCHINTEIS BO3HHUKIIA
mpobiemMa pa3felieHuss MOITHOCTH. BBUIO pacCMOTPEHO HECKOJBKO CXeM
JenuTenel MOLTHOCTH, B TOM YHCIE JACIUTENb YUIKHHCOHA, IpOBeIeHa
ONTHMU3AIMS JTAHHOTO JIENUTENs 10 S-mapamMerpaM M Kod(pQHIeHTaM
cTosryeii BosHbI o HanpspkeHuio (KCBH) Ha BxoJie u BBIXofe€.

IlomyueHsl  pe3ynbTaTbl  JHEPreTHYECKOrO  pacdyéra  TPaH3UCTOPA,
paccUuTaHbl €ro BXOAHOE U BBIXOJHOE CONPOTHBIICHHS, COCTAaBIEHA MOEIh
MocTa YHIKHHCOHA, 00eCIIeUMBAaIOLIEro JIeJIeHne MOIITHOCTH Ha Bxoze All
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Anmapartypa nis konTpoas I[IJIUC, ncnoJib3yeMbIX B 00pTOBBIX 1
Ha3eMHBIX CHCTeMaXx nepeaayn HHGOpMALUU
Kpacuos M.U., MaptsiHoB O.A., Orypros A.A.
Poccuiickue xocmMuueckue cucteMsl, . Mocka

B Hacrosimee Bpems B OOpTOBOW pajJMOANIEKTPOHHOM ammaparype
KOCMUYECKHUX armapaToB sl obecnedeHus: TpeOyeMoro ObICTPOJICHCTBUS U
CHIDKEHHsI ~ Macco-rabapUTHBIX  IIOKas3aTeleil  aKTHBHO  HCIIOJIB3YIOT
MporpaMMHpyeMble  JoTWdeckne uHTerpanbHele  cxemsl ([TJIMC). B
TIOCIIEHNE TO/BI JOCTH)KEHHSI B TEXHOJIOTHSIX ITPOM3BOACTBA CBEPXOOIIBIINX
WHTETPAJbHBIX CXEM TIIPHBENN K 3HAYNTEIHHOMY YBEIHUCHHIO CTEIICHH
naTerpanun [IJIMC, a ucrmons3oBaHne BBICOKOTEXHOJOTHYHBIX KOPITYCOB C
OOJIBIINM KOJNMYECTBOM BBIBOAOB IIPHBENO K IIOBBIICHUIO BEPOSTHOCTH
BozHuKHOBeHHUS HedexToB [IJIMC. BeposSTHOCTh BO3HMKHOBEHHS OTKa30B
0OpTOBOW amnmapaTypbl KOCMHUYECKHX allapaToB HAIMPSIMYIO 3aBUCHT OT
HaA&KHOCTH ucnoiibdyeMbix B Heil [IJIMC. B cBsi3u ¢ 3TUM BO3HHUKaET
HeoOxoauMmocTh B mpoBereHun koHTpods [LJIMC, mis wero TtpeOyercs
COBpPEMEHHAs BBICOKOTEXHOJIOTMYHAs anmnaparypa.

Amnmaparypa s npoBenenusi koutpois [IJIMC nomkna uMeTs Oombiioe
KOJIMYECTBO KAHAJIOB C HPOTrPaMMUPYEMBIMHM JIOTUYECKHMHU YpPOBHIMHU
IpaiiBepoB M KOMIAapaTtopoB, oOecreuynBaTh BO3MOXKHOCTH KOHTPOJIS
(YHKIIMOHHPOBAHUS BCTPOCHHBIX NPHEMOIEPEIATIYNKOB ABYHAIPABICHHBIX
nHTep(deiicoB pa3IUIHBIX CTaHAAPTOB. Takke ammaparypa J0JDKHA 00IanaTh
BBICOKMMH  YacTOTHBIMH  XapakTEPUCTHKaMH,  49TOOBI  0OECHEeYuTh
BO3MOXKHOCTh TIpoBepkH BcTpoeHHBIX B [IJIMC  GmokoB  da3oBoii
aBromnojicTpoiiku (PAIIY) u MukpornporeccopoB. BaxxHol xapakTepuCTHKON
armmapatypbl s koHTponiss [IJIMC sBisieTcst Hanmudue BO3MOXKHOCTH
koH(QurypupoBanus [IJIMC ¢ sHeprozaBUCHMMOW MaMSTBIO IOCPEICTBOM
narepdeiicoB  SERIAL, JTAG, SPI. [lng KOHTpONS 3JEKTPUUYECKUX
mapamMeTpoB W ¢yHknuonupoBanus [IJIUC, 0coOGeHHO OJHOKPATHO
MIPOTrpaMMHPYEMBIX, Y armaparypsl Tpedyercs Hanmuune BcrpoeHHoro JTAG
nHTepdeiica ¢ moanepKKOi neprudepuitHOro CKAHUPOBAHNS.

Ha poccuiickoM 1 MHPOBOM pBIHKax IpeaaraeTcsi JOCTaTOYHO MHOTO
anmapaTypel, TTO3BOJISTIOIIEH MIPOBOUTH (YHKIIMOHATBHBINA "
nmapameTrpudeckuii koHtpons IIJIMC. Ho ammapatypa oI TpoBeneHHS
KOHTpOJIS, 3a4acTyi0, HE IIO3BOJIIET IPOBECTH MOJHOLEHHBIH KOHTPOJIb
[UINC, mubo He mMeeT TpeOyeMBIX YaCTOTHBIX XapakTepucTuk. Kpome toro,
BO3HHKAET BONPOC 00 SKOHOMHUUECKOH 3(D(HEKTHBHOCTH alapaTryphl, TaK Kak
npeyiaraeéMble Ha pBIHKE M3JeNHs, Kak IMpaBWIo, HMeeT JOCTaTOYHO
BBICOKYIO CTOMMOCTB JIJIsI CBOMX BO3MOXKHOCTEH.

B noxyiage mpoBOAWTCS — CPaBHMUTENBHBIH  aHAIU3  COBPEMEHHOM
anmmapatypbl ans  npoBeaeHus koHtpoist  [IJIMC mo  kitoueBbIM
xapakrepucTukaM. Ha ocHOBe aHanmM3a JaHHBIX aBTOpaMM IpeaIararTCs
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pemenust 1o  onTumm3anmuu  koHTpois IUJIMC ¢ pasnmenenuem
(YHKIMOHAJIBHOTO ¥ TapaMETPUYECKOro KOHTPOJs. DyHKIMOHAIbHBINA
KOHTPOJIb MpeJlaraeTcsi NPOBOAMTh HAa CIELUAIN3UPOBAHHBIX CTEHMAX,
npeaHa3HaueHHbIX A koHTpois ITIJINC.

IIpoexTHpoBaHue TNHEHHBIX H HeJMHeliHbIX yeTpoiicTB CBY ¢
HCI0JIb30BAHNEM IIHPOKOMOJIOCHBIX COIJIACYIOIHUX CTPYKTYP
ITerpor N.A.

IMHUPTH um. akagemuka A.1. bepra, r. Mocksa

OcHoBHBIE HmapaMeTPsI CUCTEM pPaITuOMOHHUTOPHHTA u
PaAMONIPOTUBOICUCTBUSA, HWCIONB3YIONIHMe curHaibl nauanasoHa CBY  nmms
nepenavy ¥ npreMa WHGOpMalru, BO MHOTOM OMPEACISIOTCS TapaMeTpaMu
yctpoiicte CBY, BXOASIIMMH B BBIXOJHBIE M BXOJHBIE BHICOKOYACTOTHBIE
TPAKTBHIL. W3HavansHO, CHCTEMBI PaAvOMOHUTOPUHTA u
PaauoONpPOTUBOIECHCTBUS SIBIISIFOTCS HIMPOKONOJIOCHBIMU u
CBEPXILUPOKONOJIOCHBIMH CHCTEMAaMHU, YTO HAKJIaJbIBa€T OIpE/EICHHBIE
TpeboBaHMs K paszpabareiBaeMbiM ycTpolictBam CBY. Ilomck HOBBIX
MPUHIUIIOB U METOAOB MpoeKTupoBaHus ycrpoicts CBY, Teopermueckoe
00OCHOBaHME  O3THX  TNPHHIMIOB,  pa3pabOTKa  COOTBETCTBYIOIIMX
CXEMOTEXHHYECKHX PEIIEHWH IOCTPOEHHS YCTPOMCTB, IO3BOJIIOIIUX
yIAYYIIUTh UX YaCTOTHBIE XapaKTEPUCTHUKH, PACIIMPHUTH AWANa30H pabodux
YacTOT,  CHU3UTh  rabapuTel,  Haubojee  MOJHO  KCIOJb30BaTh
TEXHOJIOTHUYECKHE U  KOHCTPYKTHBHBIE  JOCTIDKEHMS B o0yacTu
MHKPOMHUHHATIOPU3ALUK YCTPOICTB, MOBBINICHUE 3(P(PEKTUBHOCTH METOJIOB
MIPOEKTUPOBAHUS C HCIHOJIB30BAHUEM COBPEMEHHBIX BBIUHCIUTEIBHBIX
CPEACTB W TPOTPAMMHOTO  OOECHeUeHHs, MPOJNODKAIOT  OCTaBaThCs
aKTyaJIbHBIMU 33Jja4aMU 110 COBEPIIEHCTBOBAaHUIO TexHUKH CBU.

B nokmame ompenensercs CcyTb MeToJa CTPYKTYpHOTO CHHTE3a,
BKJTIOYAIOIIETO B ceOs: CHHTE3 OTAECNBHBIX IIMPOKOIMOJIOCHBIX CTPYKTYp €
Hanepes 3aJaHHBIMHM YaCTOTHBIMH CBOMCTBaMH, MOCIEAYIOIIEE COBMEILECHHE
STHX CTPYKTYp MEXIY U CO CTpyKTypamu yctpoiictB CBY, cuHTe3npyembIx
KIIACCHYECKMM MeTOIOM. IIpMHIMI coBMEIEHHs CTPYKTYp 3HA4YHMTENIBHO
YBEJIMYMBAET YHUCIO MApaMETPOB MPH MNOCIEAYIOMEM MapaMETPUIECKOM
CHHTe3e (ONTHUMM3ALMK), C IENbI0 MOJMY4YeHHs 3aJaHHBIX aMIUTUTYAHO- U
($a30-4aCTOTHBIX ~ XapaKTEPUCTHK, 3HAYMTENBHO  yBEJIMYMBAET  YHUCIIO
BapUaHTOB CXEMOTEXHHYECKOTO0 MOCTPOCHUS YCTPOWCTB, B pANE CIIydaeB
NpUJAeT pe3yabTUPYIOUIEH CTPYKType HOBBIE YacTOTHBIE CBONCTBa H
(YHKIIMOHATBHBIE BOBMOXXHOCTH, YMEHBIIIAET Ta0apuThl YyCTPOHCTB.

PaccmarpuBaercss psi  CXEMOTEXHHMUYECKUX PpEIICHUH, IOIy4eHHBIX
METOJOM CTPYKTYPHOTO CHHT€3a ISl IPOCKTUPOBAaHHSA JHHEHHBIX W
HenmuHeHHbIX ycTpolictB CBY Takmx Kak: TpaHC(OPMATOpoB aKTHBHBIX,
PEaKTHBHBIX UM KOMIUIEKCHBIX CONpPOTHBICHHMH, COIVIACOBAHHBIX HArpPY30K;

206



YCTPOWCTB  JIEJIGHUSI U CIIOKEHHsI ~ MOIIHOCTH;,  JETEKTHUPYIOIIHX,
CMECUTENIBHBIX U YMHOXHUTEJIBHBIX YCTPOMCTB; YIPaBIAIOMIMX YCTPONCTB C
Oy IPOBOTHUKOBBIMHE 3ileMeHTaMu; punbtpoB CBY.

Pa3Butne ppakTanbHbLIX METOI0B 00pad0TKN HHPOPMALMHT U
¢pakTaAIbLHBIX PAAUOCUCTEM B UX MEPCIEKTUBAX AJs1 paauoGU3UKH U
Paano0KaAIUU
IToramoB A.A.

PO um. B.A. Kotensuukosa PAH, r. MockBa

B ocHoBe Bcex MH(OPMAIMOHHBIX TEXHOJOTHH JI€XaT, B OOIIEM ciIydae,
pa3HooOpa3Hble METOABI O0pabOTKH CHTHAJIOB. B Hacrosmiee Bpems
NPEUMYIIECTBEHHO M IPUBBIYHO HCIOIB3YIOTCS LEJIOYHUCICHHBIE MEpHI
(MHTErpasel M MPOU3BOJHBIC IEJIOTO TOPSIKA), TayCCOBCKas CTATHUCTHKA,
MapkoBckue mporuecchl U T.1. C co3manueMm B 70-x rr. XX B. (pakTaabHON
reomerpun (b. Mannens6pot, 1924 - 2010) B HayKy W TEXHUKY Havaid
CTPEMUTENbHO NPOHUKATh HJIEH JAPOOHBIX pa3MEpHOCTEH, JIPOOHBIX
orepaTopoB, Heau(pepeHnupyeMslx  (QYHKIMH, CcKeiumHra. JlaHHBIE
MaTeMaTH4ecKHe MOHATHA, O0beANHEHHBIE C PU3NKOH (pakTanos, oOpaszyroT
HOBBIE “MOCTHKH”, TOBOJIBHO HEOXKHJAaHHBIE, MEXKIY HE TOJIBKO CMEKHBIMU
JUCHUIUIMHAMY, 9YTO 3a4acTyl0 MPUBOAUT K O(P(EKTUBHBIM METOJaM
pemIeHus 3a/a4, MHOTIa TPYAHO Pa3pelIMMBIX Ha JAHHOM YPOBHE PAa3BHUTHS
KIIACCHUYECKHUX HAYYHBIX HampasieHuil. JlpyrumMu cioBaMu, OJTHOE OITMCAHKE
MPOIIECCOB COBPEMEHHOMN 00paObOTKU CUTHAJIOB U MOJICH HEBO3MOXHO JIUIIIb C
MOMOIIBI0  (JOPMYJT KITACCHUECKOW MaTeMaTHKH. llenpro maHHOH paboThI
SIBIIIETCSI PAacCMOTPEHHE OCHOBHBIX JOCTIDKEHHMM B paMKaXx HOBOIO
(yHIaMEHTAJILHOTO HAay4YHOTo HarmpaiieHus1 «DpaxranbHas panuopusuka u
¢dpakTambHas ~ pagHO3JIEKTPOHUKA! MIPOEKTUPOBAHUE (pakTaIbHBIX
pagroCHCTEM», TIPEATIOKEHHOIO U pa3BuBaeMoro asTopoM B PO um. B.A.
Korensankosa PAH, sraunnaas ¢ 80-x rr. XX B.

PaccMoTpensl  peanm3aniy  NPUHOWOWAIGHO  HOBBIX  (ppakTanbHO-
CKEIUIMHTOBBIX METOJOB OOpab0OTKH pPaTuOJIOKAMOHHOW HWH(pOpMANUU U
CHHTE3a BEICOKOMH()OPMATHUBHBIX YCTPONUCTB O0OHAPYKEHHS U PacIIO3HABAHUS
cJ1a0bIX CHTHAJIOB Ha ()OHE MHTEHCHBHBIX HETAYCCOBCKHX IMOMEX. M310KeHbI
QITOPUTMBI CHHTe3a (paKTAJbHBIX HeElapaMeTpHUUecKuX OOHapyKuTeen
PaAMOIOKAIIMOHHBIX OOHapykuTenei. IlepBblii B MHpe MakeT TaKoro
(dpakTanpbHOro OOHApykuTenss ObLT co3gaH HamMu B HPD um. B.A.
Korensnukosa PAH emte B 2005 .

duznveckoe MO/ENIMPOBaHUE APOOHBIX ONEPATOPOB ITO3BOJIAET CO3/1aBaTh
panuodieMeHThl Ha MAacCHBHBIX 3JIEMEHTaX, MOAEIMpYoNe (paKkralbHbIe
MMIIEZIAHCHl C YaCTOTHBIM CKEHJIMHTOM. [IpH KOHEYHOW CTaguy MOCTPOSHHMS
MoJenH (ppaKkTaTEHOTO MMIIETaHCa MOXKHO PEryJIMpOBATh THUANa30Hbl 9acToT,
B KOTOpPHIX OymeT HaOmIO#aThCs CTENEHHas YacTOTHAs 3aBHCHMOCTB
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HMIICJaHCa. OCHOBBIBasICH Ha TMOJIYUYCHHBIX pE3yJibTaTax, MOXXHO I'OBOPUTH O
NPOCKTUPOBAHUM  NPUHIMNHMAIBHO HOBBIX  (DPAaKTANIBHBIX  AJIEMEHTOB
(ycTpoiicTB) M (paKTaIbHBIX paJdOCHCTEM. OJTO TO3BOJSIET IMEpedTH Ha
HOBBIH ypOBeHb WH(OPMALMOHHON CTPYKTYpHl peaibHBIX HEMapKOBCKHX
CUTHAJOB. PacCMOTpeHBl TNpPHHIMIIBI KOHCTPYMPOBaHUS  (PaKTaTbHBIX
YaCTOTHO-N30MPATENbHBIX  (QWIBTPYIONIMX  CTPYKTYp  Ha  OCHOBE
MHUHHATIOPHBIX (pakTanbHBIX aHTeHH. OOCYKAal0TCsI BOIIPOCHI IPUMEHEHHS
pa3paboTaHHBIX METOJOB (PaKTaJbHOTO aHalM3a K  HCCIEIOBAHHIO
PagMOTEINIOBOTO M3JIydeHUs] Tpomochepbl M HAJIWYIHS HCKYCCTBEHHBIX
BO3MYIIECHHNA HOHOC(HEPHI.

Taxum 06pa3om, B HACTOSIIIEE BPEMsI YCTaHOBJICHB! YHUBEPCAIbHBIE YEPTHI
(YHKIIMOHMPOBaHUS, U30MOP(HBIE JUII O'POMHOTO KOJHYeCTBA OOBEKTOB,
OTHOCANIUXCA K PA3JIMYHBIM KilacCaM ﬂBHeHHﬁ, OIINCBhIBAEMbIX }IpO6HI)IMI/I
oreparopaMu 1 ¢pakragaMu. Pe3yiabpTaThl, METOMIBI U BBIBOJBI, MOJIYYCHHBIC
aBTOPOM C YYCHHKaMH, HMMEIOT OOJBIION WHHOBALMOHHBIA IOTEHIHA,
peanu3anysi KOTOPOTO, Ha Haml B3IV, OOECIeYnT pelleHne psja
COBPEMEHHBIX 3a7a4y paguo(pU3UKH, PaJIUOTEXHUKH, PaJUOIOKAlNH, CBSI3U 1
yTIpaBJICHUS], TIO3BOJIUT O0ECIIEYNTh HOBOE KAaUYeCTBO CUCTEM OOHAPY)KEHHS 1
pacIrio3HaBaHMs, Pa3BUTHS HOBBIX HH(GOPMAIMOHHBIX TEXHOJOTHH W
TTOBBIIICHNUS KOHKYPEHTOCTIOCOOHOCTH OTEYECTBEHHBIX Iiehi (S0
Pagro3IeKTpOHUKU. VICXOsl N3 BCETro BBIMIECKa3aHHOTO, MOKHO TOBOPHUTH O
CTaHOBJIEHMM MOCKOBCKOW Hay4yHOH IIKONBI ()pakTadbHbIX METOAOB C
neatpom B PO um. B.A. KotensaukoBa PAH Bo riiaBe ¢ aBTOpoM U XOPOIIIO
W3BECTHOM B MHUpE.

o yxa3aHHOMY BBIIlIe HAPABICHUIO BBIMYIIEHO B CBET 13 MoHOTrpaduii u
6osiee 500 HayuHbIX pabort. [IpoBonstcs HUP (Mocksa) u OKP (Kazanp) no
panuoU3NYECKUM TNPUMEHEHUSIM TEOpUH  (PpakTanoB, CKEHIMHIOBBIX
3¢ PEeKTOB U IPOOHBIX ONEPaTOPOB B 00paOOTKE MPHHATHIX PaJHOCHCTEMaMHU
CBEpXCJIA0bIX CHTHAJIOB M TEXHHWKE MPOEKTHPOBAHMS IINPOKOMOIOCHBIX HIIH
MHOTO/IMANA30HHBIX (PAaKTATbHBIX aHTCHH. Pe3ynbTaThl Hamedl HaydHOU
JeATeNbHOCTH 10 (ppakTansHON 00paboTke WH(pOpMAnUM B WHTEHCHBHBIX
HETayCCOBCKMX IIOME€XaX, a TaKKe MO0 (paKTaJIbHBIM paJHOCHCTEMaM,
(pakTadbHBIM ~ pagHoOdJIeMEHTaM H  (paKkTaNbHBIM aHTEeHHAM ObUIH
OImyOJMKOBAaHEI B TPEX OTYETHBIX Jokianax Ilpesmmmyma Poccuiickoit
akanemuu Hayk (Hayunbie noctmkenus PAH.- M.: Hayka, 2008, 2010, 2011
IT.).
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IleuaTHas aHTeHHas! pelIeTKAa 1J1sl 00PTOBOI PJIc CAHTHMETPOBOIO
Auana3zoHa
OsunnnnkoBa E.B., PeibakoB A .M., Bockpecenckuii JI.1.
MAMW, r. MockBa

OpHOW W3 OCHOBHBIX 33/1a4, BO3HHMKAIOIIMX IIpH pa3paboTKe aHTEHH
OOpTOBBIX ~ DPaJAMOIEKTPOHHBIX  CHCTEM,  SIBISETCS  MHUHHMH3AIMS
MaccorabapUTHBIX IapaMeTpoB AJIeMEeHTHOW 06a3bl. IlomMmMo Xopommx
MaccorabapUTHBIX XapaKTEPUCTUK, aHTEHHBI M PACTIPEICIUTEIbHBIE CHCTEMBI
JOJDKHBI 001anaTh emié M BHICOKON HaAE&XHOCThIO. PemeHne 3Toi 3amau,
KaK TPAaBUIJIO, CBOJUTCS K HCIIOJIB30BAHUIO JIETKUX MAaTEPHAIOB, C HU3KUMH
TEeMIIEPaTypHbIMH ~ KOI(G@HUIMEHTAMH W BBICOKOH  MEXaHHIECKOH
MIPOYHOCTHIO, & TAKXKE COBPEMEHHBIX TEXHOJOTUI M3TOTOBJIEHUS, HAlpUMep
ranpBaHoIUTacTHKa. OHAKO Takas TEXHOJOTHS M3TOTOBJICHHS HEYIO0OHaA, TakK
KaK CIIO)KHO KOHTPOJHMPOBATH IapaMeTpbl AHTEHHOW pemETKH Tocie
U3TOTOBIICHUS, & TaKkXKe OCYUIECTBISITH OTIAAKY ONBITHOTO oOOpas3la.
ATNbTepHaTUBHOW  TEXHOJIOTHEM  W3TOTOBJCHHS  SIBISETCS  IedaTHas
TEXHOJIOTHSL.

IleyaTHast TEXHONOTHsA JOCTAaTOYHO XOPOIIO OCBOEHA B IMPOHU3BOJCTBE U
obecrieunBaeT MHHUMaJbHBIE 3aTpaThl MpPU  HW3TOTOBJIEHHH  aHTEHH.
AHTEHHbBIE pEIIETKH, H3TOTOBJICHHBIE IO TAKOM TEXHOJIOTHH O00JagaroT
XOPOIIMMHU MaccorabapUTHBEIMH XapaKTEPUCTUKAMHM, BEICOKOH HaJE&KHOCTBHIO
U WMEIT Manylo TIiyOmHy. OnHaKo TI€JaTHble aHTEHHbl HMEIT U
HEIOCTaTKH. XOpOIIME Maccora0apuThle XapaKTEPUCTHKH JOCTUTAIOTCA
MyTéM COBMEIIEHMS H3JIY4aloOUIero IMOJOTHA C  PacHpeneNuTeIbHON
cucteMoil. B pesynbrare 9TOro pacmpenenurenbHas cuctemMa Oyner
U3Ty4aTh, U3MEHSS XapaKTepUCTHKU HANpPaBIEHHOCTH aHTEHHBI. AHTEHHBIE
CHCTEMBI, M3TOTOBJIECHHBIE 110 NMEYaTHOW TEXHOJOTWH, 00JalaloT BBICOKMMU
norepsimu (ripumepHo 0,17 nb Ha MeTp Ha MOJIOCKOBOH pa3Bojke). [ToaTomy
HEOOXOJMMO YYHTBHIBATh 3TH (DaKTOPHI MPU NPOEKTHPOBAHUHM KaK OIHOTO
M3Iy4aTens, TaK U AHTEHHOW peméTKH B IleJoM. B kadecTBe 3jeMeHTa
0OpTOBOW aHTEHHON PEMETKH MOXKET OBITH B3ST MPSMOYTOJBHBIN IT€YATHBINA
U3lydarenab C pa3MepaMu - 6 MMX12 MM, KOTOpBIA H3rOTABIMBAETCS Ha
TIOJUTOKKE M3 CTEKJIOTEKCTOJNTA TOIIMHOW 2MM. Bo30yxnenue msmyqaresns
OCYILIECTBIISIETCS TIOJIOCKOBOM JmHUEH ¢ compotuBiernneM 50 Om. U3
MOMY4YEHHOM XapaKTEpUCTUKH  HAMPAaBICHHOCTH JJIEMEHTa aHTCHHOU
pELIETKH BHUIHO, YTO AAXKE IMPH HEOOJBIIOM OTPE3KE H3ITydarolled CHCTEMBI
UMeeTcsl BIHMSHHE W3IyJalolledl JIMHUM Ha JUarpaMMy HaIlpaBJIeHHOCTU
u3nydarens. Takold BapuaHT aHTEHHOW pEMIETKH, IPU COOTBETCTBYIOLIEH
nopaboTke,  Haét  TpeOyemble  XapaKTepHCTHKH  HAIpPaBICHHOCTH.
OntumanbHBI  BBIOOP MarepuaioB M KOHCTPYKTHBHOE  HCIIOJHEHHE
00€ecCIeunBaroT JOCTaTOYHO BBHICOKYIO MEXaHHUECKYIO IIPOYHOCTD.
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TakuMm 00pa3oM, H3TOTOBJICHHE OOPTOBBIX AHTCHHBIX PEIIETOK II0
MIeYaTHON TEXHOJOTHH OYAeT XOPOIIHNM, NCHIEBBIM, U HAAEKHBIM BapHAHTOM
B IPOM3BOJICTBE.

Pa3paborka makpomoaeneit BUC n CBUC st TeNJIOBOro aHAJIM3a
KoHcTpykumii POC
Caparosckuii H.B., Perraes /I.H., Ymkap M.H.
MAM, r. MockBa

Iensto paboTsl  sBIsieTCsl pa3pabOTKa THUMOBBIX MAaTEMaTHYECKHX
tertoBeix Mojeneit BUC u CBUC, pa3paboTka anropurMa mpoeKTHPOBAHHS
teroBeix Makpomoneneir BUC u CBUC wu paspaborka OHOIHOTEKH
teroBbix Makpomogeneit BUC u CBUC mst CATIP SolidWorks.

CoBpeMeHHBIE CHCTEeMBbI aBTOMAaTH3UpOBaHHOTO npoektupoBanus (CAIIP)
MO3BOJISIIOT peIlaTh LIMPOKUI Kpyr HWHXKCHEPHBIX 3ajad, HO NpPH 3TOM
YHUBEPCAIILHOCTB, SIBJISIICH HECOMHEHHBIM npenmMymiectBoM CAIIP, co3nmaer
CJIOKHOCTH B WX NPUMEHEHUH K PENICHHIO KOHKPETHBIX HWHKEHEPHBIX 33/1a4.
OtcyrcrBre agantanuu CAIIP Kk pemeHHI0O KOHKPETHBIX NMPOEKTHBIX 3ajad
BEZET K HEONpPAaBAAaHHO BHICOKOH TPYMOEMKOCTH IOJATOTOBKH MAAHHBIX H
3arpaTaM MAaIIMHHOTO BpeMeHH. [103ToMy akTyanbHOH SBISETCS pelIeHHe
3amaun moBbmeHus 3¢ dexkruBHOocTH npuMeHeHmss CAIIP mpm pacuere
TerioBoro pexxuma POC, rmpu coxpaHeHNH 3aJaHHON TOYHOCTH PELICHUSL.

CymecTByeT HECKONBbKO crmoco0oB moBeimenus d¢pdextuBHocTrn CAIIP
IpU pacdeTe TeIuioBoro pexkuMa POC: mMOBBIIIEHHE MPOU3BOAUTEIHHOCTU
nepcoHanbHoro kommeiotepa (IIK); ympaBneHume ceTkoif KOHEYHBIX
anemenToB (KD) mpu mocrpoenun TtemoBoii moxenun POC; paspaborka
YIPOIIEHHBIX TETIOBBIX MAaKPOMOJIENIEH Paalo3IEMEHTOB.

B nanHoit pabote 3Ta mpodiema penraercs myTeM pa3padoTKH OHOINOTEKH
terioBbix Makpomozaeneii BMC wu CBUC. VYmpouieHHble TemaoBble
Makpomozenu Oosee mpocToif MeTox mosbimenus 3¢ ¢exrnBHocTH CAIIP 1
TpeOyeT MEHBIINX SKOHOMUIECKHUX 3aTpar.

B xone pabotsl ObIIa MpoaHATM3UPOBaHA COBPEMEHHAS dJIEMEHTHAsI 0a3a
BBIIBIICHBI HanOOJIee HCIIOJIb3yEeMBbIE THIIBI KOPITYCOB, & MMEHHO, KOpITyca
tuna: BGA, PGA, QFP, SOP, SOT. /Insa BeiOpanusix THIOB KopirycoB BUC u
CBUC: mpoananm3upoBaHa CTPYKTypa Kopiyca; pa3paboTaHbl NOAPOOHBIC
TEIJIOBBIE CXEMbI U MATEMaTHYECKHE ONMUCAHMSI KOPIYCOB; IS KaXKJOr0O THITA
KOpIyca ornpeneleHbl Ko3((GHUIMEHTh BIMSHHUS COCTABHBIX 4YacTed Ha
CYMMapHYI0 THPOBOJUMOCTb; OMpEJENEHBl AJIEMEHTH KOpITyca, BHOCSIIHE
OCHOBHOH BKJIaJl B  pE3YJIbTHPYIOUIYI0 TEIJIOBYIO  IPOBOIUMOCTE;
pa3paboTaHbl YIPOIIEHHBIE TEIUIOBBIE CXEMBI.

Mo ympomenno#t TemmoBoit Momenu B CAIIP SolidWorks co3maercs
TBEPAOTEIHbHAS MAaKPOMOJIEIIb.
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AJIEeKBaTHOCTh pazpaboTaHHBIX MakKpomo/ienen TpoBepsieTcs
9KCIEPUMEHTAIIFHO MTyTeM pacueTa (pyHKIMOHAIBHOM SYEHKH BUIICOKapThl U
IMyTeM CpaBHEHHMA pe3yJbTaTOB C JAHHBIMU M3 JOKyMEHTallud Ha
HMHTETPAJIbHBIE CXEMBI.

Hcnonp3oBanre OMOMMOTEKHM TEIUIOBBIX MaKpOMOJENEH  IO3BOJISET
COKpAaTHUTh 3aTPaThl MAIIMHHOTO BpeMeHHU — oT 30 10 80%.

Pacuét u MotesIMpoBaHye JIMHUM NepefaYH M H3TydaTesist
KOHTpoabHOro curnana (KC) nnsa antenHo-¢puaepHoro
yerpoiictBa(ADY) cCaHTHMETPOBOr0 U MHJIMMETPOBOTI0 JHANIA30HA.
Tutos A.Il'., JloObruuna E.M.

MAMWU, r. MockBa

Lenbto naHHOW PabOTHI SBJSUICS PACUET U MOJICITHUPOBAHKE JINHU TIepeIadn
U U3IydaTenss KOHTPOJIbHOro curHana Jug A®Y CcaHTUMETpOBOro Hu
MUJUIAMETPOBOTO ~ JMAalla30Ha  BOJH, OTJIMYUTEILHOH  OCOOEHHOCTBIO,
KOTOPO, SIBJISUIach OBl IMPUHA JHarpaMMBbl HarpasieHHocTd 20 rpagycos, a
TaKKe TOCTATOYHO HU3KAs MOITHOCTh M3JTydaTels mopsiaka S0 MmBt

OOnydyeHne aHTEHHOW pEIMETKM  KOHTPOJBHBIM  CHTHAIOM — HaéT
BO3MOXKHOCTH IIPOBOANTH OBICTPYIO ITHATHOCTHKY, IIOMCK HEHCIIPaBHOCTEH B
KabemsIX W aHTEHHaX B KpOTYalIiee BpeMs, a TAaKXKe MO3BOJIAET IMPOBOJIUTH
TOHKYI HacTpoiky A®VY ¢ wuenpto noBbllieHUss €€ TOYHOCTH. lIpmHumn
pabotsr smaNK nepenaun KC, mogenupyemoil B qaHHOHW paboTe, COCTOWUT B
CJIEIYIOLEM:

Kontponsnerit curman (KC) c¢ BbIxoma u3iIydaTesns,IPOXOJUT IO
BOJIHOBOJY AJAMHOM 15 M, Ha KOHILIE KOTOPOrO YCTAHOBJECH pPYHOpHAs
aHTEHHa, KOTOpas HEMOCPEJCTBEHHO M3Iy4yaeT KOHTPOJIBHBIM CHUTHal Ha
aHTeHHyl0 pemérky. IllupuHa nuarpaMMbl HaIpaBIEHHOCTH pYNOPHOU
aHTEHHBI HE JOJDKHA MpeBbImaTh 20 TpaaycoB.

IlepBeiM 53Tamom pa3paboOTKK SBISUICS PAcuéT pasMepoB PYyNOPHOH
AQHTEHHBl C IIENbI0 TONydYeHHs TpeOyeMOoH [IMPHHBI  AWArpaMMbl
HaIlpaBICHHOCTH.

BropsM 3Tanom pa3paboTku ObUIO MOCTPOCHHE KOMIBIOTEPHOI MOJEIH
PYNOpPHOH aHTCHHBI, JUIi TIPOBEPKH, W TIONYYEHHUS] JOMOIHUTEIBHBIX
XapaKTEpUCTUK aHTECHHBI.

TperbuMm dTamoM ObLT  pacdéT MOIIHOCTH KOHTPOJILHOTO CHUTHAJa,
IIPUHMMAEMBI aHTEHHOW PpELIETKOM IOCie TOro, Kak OH IHPOLIEN uepe3
JITHUIO NIepeayu.

B pesynbrare mnponenaHHOW pa0OTHl OBLIM ONpenesieHbl TpeOyemble
pasMepsl pyropa, Uit TOTO YTOOBI IOJNYYHTh HEOOXOIUMYIO IIHPHHY
JrarpaMMBbl HalpaBJIeHHOCTH, PAaCCUUTaHO OOIIee 3aTyXaHWe KOHTPOJIHHOTO
curHana. IlomydeHHBIe pe3ynbTaThl, MO3BOJSIIOT CO3JaTh JIMHHUIO IEpeaadn
KOHTPOJIFHOTO CUTHaJIa C TpeOyeMbIMU XapaKTepPHCTHKAM.
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Iudppossie antennsle peméTkn CBY — nepcnekTuBbI pa3BUTHS
Konnparsesa C.I'., lImaunnun I1.A.
MAMW, r. MockBa

[Mpumenenne axkTuBHBIX mNpuOopoB B monotHe ADAP cnocoberByer
CYLIECTBEHHOMY YJIYYIIEHHIO HAIPaBIECHHBIX U 3HEPreTHYECKUX CBOMICTB IO
cpaBHeHuto ¢ maccuBHoi DPAP. B mocnennee Bpemsi ObICTpoe pasBUTHE
QITOPUTMOB W HEOOXOJMMOW 3JeMEHTHOH O0a3bl MO3BOJMIIO TOBOPUTH O
noctpoeHnn ADAP ¢ nmpumenennem nngposoit 06padotku curnana (LIOC)
HETIOCPEJICTBEHHO B allepType PemIéTKN Ha HeCylIel JacToTe paJdoCHIHAIA
B puéMoriepenaromeM moxayie (ITIIM).

Bo3MoxxHOCTE perumkanuu  (KOMMPOBaHUSA) LU(PPOBOrO CHTHama 0e3
JIETICHUs] €r0 MOITHOCTH ITO3BOJISIET MOCTPOUTH LU(PPOBYIO MHOTOJIYYEBYIO
aarenny (MJIA), dopmupyromyio psa He3aBHCHMBIX Jydeid Oe3 morepu
yCWJIeHHusT B KaxaoMm Jyde. AmnamoroBas MJIA wumeer N nydein,
OPTOTOHAIBHBIX M (PUKCUPOBAHHBIX B MpOCTpaHcTBe (N-YUCIO AJIEMEHTOB
pemérkn). Henuneiinas o0OpaboTka B 1M(POBOI pemérke Mo3BONISET
YCTPaHUTH KECTKYIO NPUBS3KY Ka)KIOTO Jyda K HalpaBlIeHUIO U TpeOOBaHME
K YPOBHIO IIepecedyeHus] Jyded B IPOCTpPaHCTBE, OOECIEUMBAIOIIEMY HX
OpTOrOHANBHOCTh. [lpu 1mdpoBoM muarpamMooOpazoBanmu B MIJIA
(dbopMHpoBaHUE JTyda W YIPABICHHE UM MOXET OBITH MOJTYYE€HO HE3aBUCHMO
OT YpOBHS TiepecedeHust B mpocTpaHcTBe. Ilpu sToM umcno mydel Oymer
OTIpeieNAThCS JINO0 OBICTPOeHCTBHEM NHU(POBOTO CUTHAIBHOTO MPOIIEccopa
(ICII), mubo dumcioM MpoIeccopoB HHU(GPOBOTO IHUArpaMMOOOpa30BaHUS
10).

Omudposka curHana Ha Hecymiedd wacrore B [1IIM pemérku mo3sossier
UCKITIOUUTH OTpaHUYECHUE MIOJIOCHI HPOITYCKaHUS aHAJIOTOBOM
pacIpeieluTeNIbHOM crcTeMbl. B 9TOM ciyyae oHa 3ameHsieTcs HU(POBBIM
aHaJIOTOM.

Cxema IIJIO IIA®DAP, mnoctpoeHHass Ha OCHOBE JAMCKPETHOTO
npeobpazoBanuss Dypee ([AIID) mo mpPoCTpaHCTBY, SBISCTCS AHAIOTOM
cucteMsl (azoBparmareneit DAP.

Moryt ObITh TpuMeHeHBI nudposbie JuHHM 3agepxkkn (LUJI3). ILJI3
MIPEACTABIAIOT cO00H NU(pPOBOI SKBUBAJICHT aHAIOTOBOW JIMHUH 33JEPKKH.
Lenpto e€ paboOTHI sBIAETCA 3a7epKKa BO BPEMEHH LU(POBOTO CHUTHAIA Ha
TpeOyeMOoe YMCII0 TAKTOB CHHXPOHHU3ALINH.

[pumenerne metonos LIOC B AOAP npu dpopmupoBannu IH oTnudgaercs
OouiblIeil THOKOCTBIO, OTCYTCTBHEM IOTEPh NPH BBHIMOJHEHUH ONEpaluii ¢
MIPUHATBIM AHTEHHON CUTHaJoM. Takol MOAXO0J MO3BOJIAET OCYIIECTBIISTH
HeJIMHEIHyI0 00paboTKy, KaK CUrHala, Tak ¥ chopmupoBannoi [JH. Dddekr
OTrPaHUYEHHON CBEPXHANPABICHHOCTH MOXKHO MOJYy4YUTh Bo3BeaeHueMm JIH B
CTETICHb.
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IIpumenenne w™etonoB I[[OC HemocpeactBeHHO B monoTHe ADAP
MO3BOJISIET CYIIECTBEHHO PACHIMPUTh BO3MOXHOCTH AHTEHHOM pPEIIETKH.
OundpoBka curHaja B TOJOTHE PEHMIETKM TO3BOJISAET H30aBUTHCS OT
aHAJIOTOBOH paclpeeUTeIbHON CUCTEMBI U CBSI3aHHBIMM C HEll MoTepsiMU
MormHoCcTH W monockl curHama. Cucremsl [[AIT/ALIT B IIIIM ILHADAP
MTO3BOJISTIOT OTKA3aThCS OT WCIIONB30BaHMS (ha3oBpammarenei, 4To TaKxkKe
CHIDKAeT ToTepH U Ma€T BO3MOXKHOCTH (hopMupoBanus MHoroxy4eBoit IH c
HE3aBHCUMBIM YIIPaBICHUEM B KOKIOM KaHaJe.

O0paboTka paguoI0KaNHOHHBIX H300paxenuii PJIC o0630pa neTrHoro
I0JISl U o0ecrneYeHHe CJIeKeHHs 32 MAJONOABHKHOM 1eJIbI0
Inaiinep B.b.

MAMWU, r. MockBa

Lenpto nanHOW pabOTHI SBISUIOCH CO3AAaHHS AITOPUTMA OOPaOOTKH
panuonokannoHHeix u3oopaxenuit (PJIM)PJIC o63opa nerHoro mods,
obecrieueHus1 CICKEHHUS 32 MaJIOPa3MEPHOH, MaJIOTIOIBIYKHOM LEIIBIO.

B xauectBe 0630pHO PJIC paccmarpuBaeTcsi cBEpXKOPOTKOMMITYIbCHAS
(CKHN) PJIC, coznmannas kxomnektnBoM Kadeaps: 407 MAW. Jlannas PJIC
UMeeT pAI 0COOEHHOCTEH, TAaKMX KaK BBICOKas pa3peraromasi criocoOHOCTh
0 ANBbHOCTH, 00paboTka ocymiecTBisercs Ha 6aze [I9BM, uro mo3Bomser
o0ecreunTh THOKOCTh TIPH CO3IaHUH aJlTOPUTMOB 00paOOTKH.

[lepBeIM »TamoM pabOTHI SBIAETCS MOCTPOCHHE OOMIEH CTPYKTYPHOM
cXeMbl 00pabOTKH, pa3lielieHHe ee Ha psiI CaMOCTOATENBHBIX 331ad. B
Ka4eCTBE TaKUX 33/1a4 BBIJCIISIFOTCS:

NIPOLEAYPHI MOATOTOBKH K OOHapyXeHHIO (pa30MeHHe IpOCTpaHCTBa Ha
pa3Hble 30HbI BHUMaHMS, IPUBSA3KA K IIM(POBOI KapTe MECTHOCTH)

MIPOLIEAYPHI COTIACOBAaHUS (DYHKIMU CEIEKLIUH C IPUHATHIM CUTHAIIOM

MIPOLEAYPHI CETEKINH NBIDKYIINXCS IIeIei

IIpoueayps! GUIBTPALNH, TTOIyIeHHE TEPBUYHBIX OTMETOK

MIPOLEAYPHI 3aBSI3BIBAHMS M TOJICPIKAHHS TPACKTOPUH

[IpoBommicss 0030p METOAOBpEIIECHHSI KaXT0oH u3 3amad  oOpaboTku
MIPUMEHUTETHHO K cymmecTByromei PJIC.

Pe3ynpTaToM BBHINOTHEHUS] JAaHHON paOOTHI SBJISETCS CO3IaHHE METOIUKH
obpaborku PJIM, mnpumenutensHo k 003opHeiM  PJIC. TlpuBomstcs
Pe3yJIbTaThl BHITOJHEHHS YKa3aHHBIX BBIIIE ITPOLIEAYD.
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Cnoco6 3amutsl TCP-coennHennii oT AeCTPYKTHBHBIX JeHCTBHIA
3JI0yMBIIIIEHHUKA MPHU MepeAaye AAHHBIX M0 MACCHBHBIM ONTHYECKUM
cersimc apxurexkrypoii FTTO
Kapnyxun E.O.

MAMWU, r. MockBa

ITaccuBHbIe OITHYECKUE CeTH (I10C) HCIOJIB3YIOTC I
BBICOKOCKOPOCTHOTO TOJKITIOUCHHsST a0OHEHTOB K MAaruCTPalbHBIM CETSIM
ONEpaTOpOB CBA3M. OTa PAa3HOBUIHOCTb CETEW MNpeAHa3HAueHa Ul
OpTraHU3aINH ONTHICCKUX CETEeH IO CXeMe TOYKAa-MYyIBTHTOUYKA 0e3 KaKhX-
nn00 aKTUBHBIX JJIEMEHTOB MEXKAY OTHPABUTEIEM U  TIOITyYaTelleM.
OCO0EHHOCTBIO 3TOTO TOAXO0/IA ABISETCS TPYIIOBas IMepeaada BceX MakeToB
ONTHUYECKUM TEPMHHAJIAM IIOJb30BATENIEH, YTO BJIEYET CEPHE3HYIO YIPO3y
0e30MacHOCTH TepeAaBaeMbIM AaHHBIM, B T.49. M TCP-coemmueHmsM, 1O
KOTOPBIM 3TH JIaHHBIE NTEPETAIOTCSL.

[Mouck npocthix 1 3¢ deKTHBHBIX MeTOA0B 3amuThl TCP-coeanHenuii npu
nepenaue aaHHeix 1no [1OC c apxutekrypoir FTTO (Fiber to The Office)
mpUBEeNI K pa3pabOTKe HOBOTO crmoco0a 3alluThl, IIPEACTABJISIONICTO
albTepHATUBY TPAJUIIMOHHBIM METOJaM 3alluThl, TakuM Kak I[PSec u
KOHTPOJIIO 32 LEJIOCTHOCTBIO cojepKumMoro maketa. CyTh JaHHOTO METOla
3aKJII0YAETCA B paHIOMHU3ALMH NOCIEA0BATEILHOCTH MAKETOB U YIIPABICHUU
TIPOIECCOM UX COOPKH.

IIpu ycTaHOBJIEHHMH COEIMHEHHUS] OTIPABUTENb IEPENAET MOJydaTENro
ciydaifHoe 49HciIo JX, KoTopoe OyAeT WCHOJB30BAaHO ISl TeHEepaluu
HEKOTOPOTO MHOXKECTBA IICEBIOCITyJalfHBIX dYHced OOEMMH CTOpOHAMH Ha
HEKOTOPOM TIPOMEXKYTKE BpeMEHH ¢. Uepe3 MPOMexKyTOK BPEMEHHU ¢ CTOPOHBI
00s3aHBl CMEHHTH ClIydaiiHOe 4Yuciio X Ha JOpyroe ciydaiHoe yucio X'
Kaxnomy mnentudukaropy TCP-nakera (sequence number) npucBauBaeTcs
TCceBIOCTydYaifHOe YUCIIO U3 auana3oHa [0, 2. [Tonyyarens 3HaeT, B KaKkoii
MTOCIICIOBATEIIPHOCTA HEOOXOIUMO COOpaTh MOCTYTAIOIINE K HEMY ITaKEThI.

3M0YMBIIJIEHHUK MOKET MPUMEHUTh JBE CTPATeTMU 10 OKa3aHHUIO
necTpykTuBHOro BozaeiictBus Ha TCP-coenunenue. IlepBas 3akmiouaercs B
yraZplBaHUH 3HAUCHUS sequence number. Ycmex 3TOW CTpaTeruu 3aBUCHT OT
pa3Mepa OKHa TIOJydYaTelli — 9eM OHO OoIbIne, TeM OOJIbIIEe BEpPOATHOCTH
TOTO, YTO 3JIOYMBIIIJICHHUK CMOXET BBI3BATh COPOC COeAWHEHHS, HaBsI3aTh
JIO’)KHBIE JAAHHBIE CTOPOHAM M T.A. BTopas crpaTerus ocHOBaHa Ha aHaIU3E
nneatupukatopa TCP-makera © OTHpaBKe MOMydYaTeNI0 CETMEHTa C
JNECTPYKTUBHBIMU IaHHBIMU, UMCIONUMH TOT K€ HACHTH()HKATOpP, YTO H
nepexBayeHHbI naker. Peanuzanusa aTtakd 3aBUCUT OT  BpPEMEHH,
3aTPayeHHOTO 3JI0YMBIIUIEHHUKOM Ha aHAJIU3 MaKeTa ¥ TeHepaIuio MmaKeTa ¢
JECTPYKTUBHBIMH TAHHBIMH.

W3 npuBeAeHHBIX BEIIIE OCOOCHHOCTEH B  NPOBCICHUHM  aTaKW
3IIOYMBIIUICHHUKOM, MPEUIOKEHHBIN cmocod 3ammrthl  TCP-coenuneHus
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Clle/lyeT  WCIOJB30BaTh  JJIsi  HEOONBIIMX  KOPIOPATUBHBIX  CETEH,
MOJKTIOUEHHBIX K BHEIIHUM ceTsaM ¢ npumeHeHueMm I1OC, u umeronmux B
CBOEGH BHYTpEHHEH CTpPyKType Majoe KOJIHYECTBO KOMMYTaTopoB U
MapIIpyTU3aTOPOB.

ABTOMATH3MPOBAHHASl CHCTEMAa MOHUTOPUHIA 0a30BbIX XapaKTePHUCTUK
3JIeKTPOHHO HHGOPMOTEKH By3a
Kum M.B.
MI'TY I'A, r. MockBa

B nmoxmame oOCyX7aroTcsi BONPOCHI, CBS3aHHBIE C CO3JaHUEM W
HCIIONB30BaHUEM JIEKTPOHHOIO 00pa30BaTeNbHOIO KOHTEHTA By3a Ha OCHOBE
ABTOMATH3HPOBAHHBIX HMH(MOPMAIIMOHHBIX CHCTEM HOBOTO IIOKOJICHUS, a
UMEHHO, 3JeKTpoHHBIX MH(popMmoTek (DU). PaccMmaTpuBaeTcs cTpyKTypHas
CXeMa  aBTOMAaTU3UPOBAHHOM  CHCTEMBI  CTATUCTHYECKOTO  aHaIN3a
pe3yJIbTaToOB HAKOIUIEHHS OJJIEKTPOHHBIX 00pa30BaTElIbHBIX PECYpPCOB B
00J1acTH TpakJaHCKOW aBHAIlMM M MX BOCTPEOOBAHHOCTBH IOJIb30BATEIISIMH,
KOTOpBIE IMEIOT AOCTYTI K 3THM pecypcam depes ceTb MHTepHeT.

[TomydeHnble craTHCTHYEeCKHE IaHHBIE N0 (QopmupoBaHuio 0azel DU
BBISIBWIM TOT (DaKT, 4TO NPH E€CTECTBEHHOM ITyTH PAa3BUTHS 3JIEKTPOHHOU
WHPOPMOTEKH HEBO3MOXXHO CO3AaTh TMOJHYI 0a3y  3JIEKTPOHHOTO
00pa3oBaTENPHOTO KOHTEHTa By3a B BHAEC JJEKTPOHHBIX  Y4eOHO-
METOANYECKHX KOMIUIEKCOB IUCHUIUIMH 110 BCEM CIICHHAIBHOCTSIM H
HarpasJeHusM, 0e3 MpUHATHS 3()(HEKTUBHBIX YIPABICHYECKUX PEIICHUH.

Hcnone3yss nuHaMUYECKHE XapaKTEPUCTHKH KIIACCU(PHKALMOHHOTO KyOa
nH(OPMAIIMOHHON 00eCIeYeHHOCTH 00pa30BaTeNbHOrO Ipolecca, ObLIH
HalJieHbl YCJIOBHS, TIPH KOTOPBIX CTaHOBHTCS BBIMOJHUMOH 3ajada
(dopmupoBanus 6a3sl DM By3a ¢ orpaHHYEHHBIM BPEMEHHBIM HHTEPBAJIOM.

HccienoBanne MeTOI0B MOBBIIIEHUSI MPOCTPAHCTBEHHOTO Pa3pemieHust
KOCMHYEeCKHX CHHMKOB
I'pununa A.A.
MAMWU, r. MockBa

Cospemennbie cpeactBa JI33 obecrnednBaOT BO3MOXKHOCTB ITOJTyUYCHHS
MyJbTHCIIEKTpanbHbIX (MS) 1 manxpomarudeckux (Pan) CHUMKOB OfZHOTO U
TOTO JK€ YydacTKa MecTHOCTH. OJHAaKO, Ha CIYTHHKaX, BBITOJHSIOIINX
MYJIBTUCTIEKTPAIBHYIO CBEMKY, pa3pemieHne MS-kaHaloB MEHBIE, YeM
paspemenre Pan-kanama. Beinensiteb 00BEKTBI € BBICOKOW TOYHOCTHIO
BO3MOJKHO TOJBKO Ha CHHMKAax BBICOKOTO paspemieHus. B wuneane, nng
aHaIM3a  HEOOXOAMMO  IIPEAOCTABIATH  KOCMHYECKHH  CHHMOK €
MIPOCTPAHCTBEHHBIM  pa3pelleHHeM  IaHXPOMAaTHYeCKOro  KaHala W
CIEKTPAIBHBIM pa3pemeHneM MS- kananoB. B 3Toii cBs3m akTyanbHa gaHHAS
paboTa, IENpI0 KOTOpOW OBLIO HCCIEIOBAaHWE METOAOB, MO3BOJIIOIINX
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BBITIOJIHUTh COBMELICHUE I[BETHBIX M YEPHO-OENBIX CHUMKOB ISl TOJTyYeHHs
[[BETHOTO H300pa)K€HUsI C BBICOKMM IPOCTPAHCTBEHHBIM pPa3pelIeHUeM
MTaHXPOMAaTHYECKOTO KaHaJa.

B nanHOi1 paboTe npoBeaeHO CpaBHEHHE CIIETYIONINX TEXHHUK CIUSHUS:

IHS — (Intensity-Hue-Saturation) [1]; Apudmerndeckue
npeodpazosanus ( Brovey transform [2]; Colour Normalised transformation
(CN) [3]); P+XS method [3].

Peanmzaums 3THX METOAOB MO3BOJMIA PabOTaTh C PEANTbHBIMU LBETHBIMU
U 4epHO-OeNbIMH KOCMHYECKUMU CHUMKAMH M IIOJy4aTb Ha HX OCHOBE
MYJIBTHCIIEKTpaJbHBIE ~ H300paXeHUsI  BBICOKOTO  MPOCTPAHCTBEHHOT'O
pa3pelieHns, a Takke- BBIOpaTh HanOomee >(PGEKTHBHBIN METOX CIHSHUS.
Ouenka 53((}EeKTUBHOCTH METOMOB OCYILECTBISsUIACH MO  CIIEAYHOIIHM
KpUTEpUsIM:  OTHOCHTeNlbHass  obmias ommOka cuHTe3a (ERGAS),
k03¢ ¢unuent xoppemsinpn  (CC) Mexay TMOMYyYeHHBIM W HCXOIHBIM
nzobpaxkenusmu, Spectral  Angle Mapper (SAM), cnekrpaibHOe
nHpopmanmonHoe  orkioHeHue  (SID),  OTKIOHEHWE  APKOCTH W
KoHTpacTHOCTH  (Q-average), OTHOCHTENBHOE CpeIJHEe CHEKTPaJbHOE
orkimonenne (RASE) m cpemnexBagparmdeckoe otkiioneHue (RMSE)[4].
CpaBHeHHE METONOB IIOKa3ajo CIeXyIomme pe3yisTaThl: TexHuka Colour
Normalised  mokazama  Xopomiee  KayeCTBO IO  CIIEKTPabHBIM
XapaKTepUCTHKAM C HaWOONBIINM KO3((HUIMEHTOM Koppemsamum;, a P+XS-
IIPY HanOOoJbIIEM CIIEKTPAIbHOM OTKIOHEHHH MMEET HAWIydIlue SPKOCTHO-
KOHTPAcTHbIE TOKa3arenu. [loylydeHHbIE NaHHBIE XOPOLIO COTJIACYIOTCS C
pe3yibTaTaMy UCCIIeIOBAHMsI, OTTUCAHHOTO B [4].

[1]- Yun Zhang, 2002, «Problems in the fusion of commercial high-
resolution satellite images as well as LANDSAT7 images and initial
solutions», International Archives of Photogrammetry and Remote Sensing
(IAPRS), Volume 34, Part 4 “GeoSpatial Theory, Processing and
Applications”, Ottawa, July 2002

[2]- Gedlu Kitaw, 2007, «Image Pan-sharpening with Markov Random
Field and Simulated Annealing»

[3]- Timo Bretschneider, Odej Kao, «Image Fusion in Remote Sensing»

[4]- Melissa Strait, Sheida Rahmani, Daria Markurjev, 2008, «Evaluation
of Pan-Sharpening Methods»

Metoasb! opranu3zanuu 3pPeKTUBHBIX Web-IIpeAcTaBUTeNbCTB IS
NpeNPHATHIA 23POKOCMUYECKOH 0TpacIH
Cokonos M.B.
MAMU, r. MockBa

lenpto maHHON pabOTHI SIBISUIOCH ONMCAHWE METOJOB OpTraHH3ALUH
3¢ PEKTUBHBIX Web-TIPpeCTaBUTENBCTB IS MPEANPHUATHH a3pOKOCMHYECKOH
oTpaciy, KITFOUEeBBIC GbyHKIIH KOTOPBIX JCTIEPTUPOBAHHBI:
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uH(popManmoHHas, OpeHIOBas, SHIMKIONEIUYECKas, MPE3CHTAUOHHAs U
IpOJaXKHas.

KnroueBast pons B moctpoernu 3heKTHBHOTO web-IpecTaBuTeNbcTBa —
O0TKa3 OT pacnpocTpaHuBmHXcs MerogoB SEO ontumusanuu, B MONB3Y
CO3JJaHWSl YHHMKAJbHOTO KOHTEHTAa MCXOJAsS U3 YHHUKaJIbHOCTH, JHOO
OpeHIOBOH IPUHAUIS)KHOCTH CyOBEKTOB OTpacid. BaxxHO parmoHanbpHOE
TapreTHPOBaHUE COOTBETCTBYIOLIEE MOJIUTHKE CO3JaHUs NMPEICTaBUTENLCBA,
C TIeNbl0 TOBBIIIEHUS KoHBepcHH. (OCHOBOIOJAraomMMH (aKTopamMu
SIBIIIIOTCSL:

° cinenoBanue TpedoBanmsM W3C, mns TEXHHYECKOTO COOTBETCTBHS
Web-TIpeICTaBUTENBCTB MIPUHITHIM MaXIyHAPOJHBIM Web-CTaHaapTaMm;
. MPUBJICUCHHE MPOCKTHPOBIIMKOB B3aUMOJICHCTBHUS IISI00ECICUCHHUS

COOTBETCTBUSl Web-TIpe/ICTAaBUTENBCTB  TPEOOBaHUSM K  COLMAIBHO-
HarpapJeHHBIM nHTEpdeiicam;

. OTKa3 OT UCIOJb30BaHUS aBTOMATU3UPOBAHHBIX PEIICHUH, HECYIIIUX
CEeMaHTHYECKHI MyCcOp B THIEPCTEKCTE, BO BHYTPEHHEW CTPYKType (B TOM
YHCIIe KCXOIHOM KOJIE), a TaK JK€ — B KOHTEHTE;

. HCTIONB30BaHUE CEPBEPHOTO O00OpPYNOBAaHWSA, TapaHTUPYIOIIETO
MaKCHUMAJIbHBIM anTaliM;
. CBOEBPEMEHHOCTB OOCITYKUBaHHS TEXHUUECKOW U MH)OPMAITMOHHOH

COCTaBJIAOLIEH, B TOM YUCIIE TeHEPaLsl YHUKAIbHOTO KOHTEHTA.

C  TEeXHWYECKOW CTOPOHBI  BAaXHBI:  COPAa3MEPHOCTh  MOIIHOCTEH
0o0Opy/lOBaHUsI ~ Harpy3kaM,  ONTHMHU3UPOBAaHHBIM  HCXOOHBIA  KOZ,
MacImTabupyeMocTh, 0TKa30yCTOMIHBOCTb.

C uH)OPMAIMOHHOW CTOPOHBI: YHUKAJIBHOCTh, OTCYTCTBHE W3JIMIIHEH
[ITyOHHBI, TOCTYITHOCTh, JAKOHHYHOCTB, IPAaMOTHOCTb.

C  mOpe3eHTallMOHHOH: OTCYTCTBUE  HABA3UMBOCTH, Yy3HABAEMOCTH,
COOTBETCTBHE (PMPMEHHBIM raliaiaiiHaM.

O hexTHBHOCTS Web-TIPeACTaBUTENHCTBA BEIPAYXKAETCSI B COOTBETCTBUH C
YIOBIIETBOPEHNEM M30paHHBIX LIEJIEBBIX 3HAUCHHWH: TEXHUYECKasi — IOJHOE
yIIOBIIETBOPEHUE HArpy3KH, 33 MHHUMAaJIbHOE BpeMs; WH(POPMAIMOHHOE —
MaKCHUMaJlbHasi OCBEIIEHHOCTb HMCKOMBIX 3allpOCOB; INPE3EHTAlMOHHAS —
acCOLMaTUBHOCTD WEb-IIPEACTABUTENHCTBA C TIPEIPHUITHEM, KOHBEPCHSI.

Pe3ynbpTaToM BBINOIIHEHHOW PaOOTHI, SIBJISAETCS METOMOJOTHS MOAXO0Ja K
opranusain 3G GHeKTHBHBIX Web-TpeicTaBUTEIIbCTB.

HNudopMmanuoHHasa H3MePUTEIbHAS CHCTeMa KOHYcAa-IaTYUKA arperara
3anpaBKHu
Bonkorunkwnii B.P., Cremanenko A.B., Crenua A.B.
HITIT «3Be3ma», r. MockBa

B JOKJIaA€ HM3JIOKECHBI JaHHBIC O pa3pa60TI<e I/IH(bOpMaL[I/IOHHO—
HSMCpHTCHBHOﬁ CUCTEMBI Ui HU3MEPECHHUSA YCHUIIUSA HATAXKCHUSA Ha KOHIEC
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IIJJaHra KOHycCa-JaTyhKa IOJBECHOTO arperaTta 3alpaBKd CaMOJETOB B
BO3/yXE.

B nacrosimee Bpemst uaeT otinaaka HoBoro arperara 3anpaBku (ITA3-MK)
MasyOHBIX CaMOJIETOB B BO3/yXe, KOHYC-JIaTYMK KOTOPOTO KayeCTBEHHO
OTJIMYAETCs OT CEPUITHOTO KOHYyca-IaTynka. Ha HeM kpenuTcs HoBast 100Ka u3
JKapOMPOYHON TKAaHH, BO3MyXONPOHUIIAEMOCTh KOTOPOH Ha MOPSNOK BBILIE
BO3yXOIPOHUIIAEMOCTH I00KH CEpHUIHOTO KOHYyCa-JaTYnKa, U, 9TO 0COOCHHO
Ba)XXHO I00Ka wmMmeer mpopesn.  [IpenBapurenbHbIE — Pe3yNbTATHI
MaTEeMaTH4ecKOro MOJEIMPOBAHUS OOTEKaHUS HOBOTO KOHYyCa-JaTdHKa,
MOKA3aJId, 4YTO 3aBUCHMOCTb a3pOJMHAMHYECKOTO COINPOTHBIIEHHS HOBOTO
KOHYCa-IaT4MKa OT 4yucia M, a ciemnoBaTelnbHO, U OT BBICOTHI TIOJIETa IIPH
IIOCTOSIHHOM MHAMKAaTOPHOW CKOPOCTH VHHJI CYIIECTBEHHO OTJIMYAETCS OT
COOTBETCTBYIOIIIEH  3aBHCHMOCTH  a3pOJMHAMHUYECKOTO  CONPOTHUBICHUS
CEpUMHOIO KOHyca-Jaruuka. IlosToMy nus ONTUManbHOM HACTPOMKHU
cucreMmbl ciexenust arperata [1A3-MK Heo0OXoauMo 3KCIIEpUMEHTAIBHOE
MIOJTBEPKACHUE 3aBUCUMOCTH a’pOJUHAMHYECKOTO COINPOTUBJIEHUS HOBOTO
KOHYCa-/1aT4YMKa OT 4ucia M.

Juin  gocTmkeHWs  9TOM  menw  Obuta  paspaboTaHa — aBTOHOMHAs
MHQOPMAIMOHHO-U3MEPUTENbHAS ~ CHCTEMa,  MO3BOJIIOMAs  IOJYyYHUTh
TpebyeMyro nHdpopMmanuio. 3agada OCIOXKHIACH TEM, YTO BCTPOUTH AATUHK
yCUIus B CYIIECTBYIOUIMH KOHYC-IaTYMK HEBO3MOXKHO 0€3 W3MEHCHHS
KOHCTPYKIIMM ~ CaMOro  KOHyca-gaTduka. Kpome ororo  mepemada
3aperucTpupoBaHHOM uH(popmaiuu B kopiyc [TA3-MK, rae morna Obl OBITH
YCTAHOBJIEHA HW3MEPUTENIFHO-PETHCTPUPYIOIIas amnmaparypa HEBO3MOXKHA,
T.K. U3MEPUTENIbHBIH Kabeb MPOTSHYTh M0 HNUIAHTy HEBO3MOXHO. B cBs3M ¢
9THM OBUIO NPUHATO PEIICHHE Pa3MECTUTh PErUCTPaTOp HEMOCPEICTBEHHO B
KOHycCe-laTuMKa, a B KauecTBe JaTuyMKa yCHJIMS  HCIIOJIb30BaTh
JOpabOTaHHBIA MIAPOBOH IIEMEHT KOHYyCa JaTUHKa.

Ha ocHoBaHMM pe3ynbTaToOB, MONyYeHHBIX B XoAe ucnbiTanuil [TA3-MK,
OynmeT pazpaboTaHa CHCTEMa YIPaBICHHS KOHYCOM, TO3BOJISIONIAs OIydaTh
1 00pabaTbIBaTh B pealbHOM BpeMeHH MH(OpManuio He TOJBKO OT JaT4hKa
yCHIMsS IO HUIAHTy, HO M OT JAaT4YMKOB OpPHUEHTUPOBAHMA KOHycCa B
MIPOCTPAHCTBE, a TAK)KE BHIPAOATHIBATh KOMAH/Ibl Ha CTAOMIN3AIMIO0 KOHYyCa B
TPEOYIONINXCS TIIOCKOCTSX.

Pa3paboTka 3/1eMeHTOB MHOTOKaHAJbLHOI ObICTpoAeiicTBYIOIIEi
HH(OPMALMOHHOM YIIPABJISIIOLIEH CeTH CI0:KHOM apXUTEKTYpPbl
®enopos [1.B.

MAMU, r. MockBa

lensto  maHHOW  pabOTBI  COCTOMT B pa3pabOTKE  3JIEMEHTOB
MHOTOKaHAJIbHON OBICTPOACHCTBYOMEH WH(POPMAITMOHHON YIIPaBIIAIONICH
CeTH CJIOXKHOW apXUTEKTYPHl, OCHOBHBIMH (YHKIMSIMH KOTOPOH SIBISETCS
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obpaboTka OonbIIMX OO0BEMOB HH(OpMalWH, Iepenada HHPOpPMAIKU Ha
JMOObIe  PacCTOSIHUSL, paclpelesieHue IOTOKOB HH(pOpMAIMY, 3alluTa
nepefaBaeMoil  MHPOpMANWK, IOCTPOCHHE AaPXUTEKTYPbl CHCTEMBI MO
nepeaaue HHQOpMAIHH.

[epBBIM 3TarmoM pa3pabOTKH SBISIOCH ONpeAeTeHHe chepbl MPUMEHEHHS
TaKkOW YNpaBISFOIIEd ceTH, TIAe ObUI TNPOM3BENCH aHAIU3 Pa3IMYHBIX
obJylacTeil JeITeNPHOCTH YeNIOBEKa TAaKMX, KaK: BOCHHAs, HMPOMBIIIJICHHAS,
MEIUIMHCKasl, (UHAHCOBas B KOTOPOM OBUIM OIpEIeTeHbl KOHKPETHBIC
3aJja4y, KOTOpbIEe CIIOCOOHA peaTh NoA00Has YIPaBISIOMAs CETh B KaXI0H
u3 obnacteit, u ObuTa BEIOpaHa Ui manbHeimei paboTsl GrHaHCOBas cdepa.
B ¢wunancoBoit cdepe peammzamus BBIOIE  YIOMSHYTHIX  (DYHKITHIA
YIpPaBJSIIOIIEH CEeTH aKTyaJbHO TPH NPOBEACHHH TOPIOB, IO CpPEACTBaM
TOPrOBOM CHUCTEMBI, Pa3TMYHBIMU (PMHAHCOBBIMUA MHCTPYMEHTAMH Ha OHpiKax
PO.

BropsM 3Tanom pa3paboTKH SBISUIOCH ONpEAEIeHHe MPOOJIEMHBIX 30H
(mpomyckHasi CrIIOCOOHOCTh M BpeMsl OTKJIMKA; JOCTYIHOCTb, HaJIe)KHOCTD,
BOCCTaHOBHMOCTH; COBMECTUMOCTh M WHTETPUPYEMOCTh; (pyHKIMOHAIbHAS
MIOJTHOTA, PacUIMPSIEMOCTh, KOH(OUTYPHPYEMOCTb) TOIOOHOM yIpaBisromen
cetn (Ha mpuMepe Toprosoil cucrems! Oupxn 3A0 MMBB), crioco6sr ux
YCTpaHEHUS W BBHIOOP AapXHUTEKTYpHOH CHCTeMBI (¢ OOOCHOBaHHEM), B
KOTOPO# MOXHO Hanbojee 3((HeKTHBHO NCTIOIH30BaTh, BRIOPAHHEIE CITOCOOBI
yCTpaHEeHHUsI MpOoOJIEeMHBIX 30H (pacmpeieliecHHash CHCTEMHAs apXUTEKTypa),
NPOBEJICHUE CPaBHUTEIBHOTO aHAIN3a C 3apyOe)KHBIMHU, JHIUPYIOIIUMH BO
BCceM Mupe, aHajoramu ToproBeix cucteM (Deutsche Boerse IT; NASDAQ
OMX Market Technology; Chi-Tech; Cinnober; MilleniumIT), BeisBncHUE
CHJIBHBIX U CJIA0BIX CTOPOH.

AHanu3, IPOBEICHHBIN MO Pe3yJIbTaTaM BBILIECYNOMSIHYTHIX ABYX 3TaIlOB,
CO3[aeT MPEANOCBUIKH Ui pa3pabOTKH 3JIEMEHTOB MHOTOKaHAJIbHOU
OBICTpOCHCTBYIOMIEH WH(POPMAIMOHHOW YIPABIAIOMIEH CETH CIIOKHOU
APXHUTEKTYPBlI C KOHKYPEHTHO CIIOCOOHBIMHU ITapaMeTpaMH 110 OTHOLICHHUIO K
MHPOBBIM JIUAEPaM C BO3MOXKHOCTHIO TIPEJOCTABIECHHS IOCTYNa CBOMM
KIIMEHTaM TPaKTUIECKH U3 000N TOUYKH MUPA, C BBICOKUM YPOBHEM 3allUTHI
WH(pOpMAIIHN.

AJITOPUTM BBIGOPA U aHAIN32 KOHCTPYKTHBHO-TEXHOJIOTHYECKHX
BApPHAHTOB yCTpoiicTB HH(POBOii 00padOTKH CUTHAJIOB
Pennena A.1.

MAMU, r. MockBa

Jlokiman —TOCBAIIEH — pelleHHIo  TIpoOsieMbl  BbIOOpa W aHanmsa
KOHCTPYKTHBHO-TeXHOJornueckux BaprantoB (KTB) mocrpoenus ycrpoiicTs
udposoii 0opadorku curaana (LIOC).

VYka3zanHas mpo0iemMa BKIIIOUaeT B ceOs pelIeHne CIeayOMnX 3a/1a4:
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CUCTEMHBId aHanu3 M (OpPMUPOBaHHE TPEOOBAaHMH K YyCTpoiicTBam
U(PPOBOH 0OPAOOTKH CUTHAJIOB;

TeHepanus CTpyKTypHBIX BapuaHTOB ycTpoiicTB LIOC, ynoBieTBOpsIOmuUX
TpeOoBaHUIM;

aHaJIM3 CTPYKTYPHBIX BapuaHTOB ycTpoiicTB LJOC u BBIOOp ONTHMAIBHOTO.

[Mpouenypa pemenns nepedrcICHHBIX BhINIE 3aad 00beANHEHA B €INHBIA
anroput™ BbIOOpa KTB ycrpoiicts LIOC, durto sBisieTcs: conepikaTeIbHON
CYIIIHOCTBIO JIOKITA/a.

PaGora anropurmMa paccMOTpeHa Ha NpUMEpEe BBIOOpa CTPYKTYpBI
uudposoro npuemnnka (LIT) pagmonokarnmonHoii cranwm (PJIC).

HcxonaeIMu TaHHBIMH SBISTIOTCA: cucTeMHass mozensb PJIC, 3amaBaemast
ypaBHEHHEM NAILHOCTU U TPEOOBaHUS K €€ pealln3alllu.

PesynbraToM  pemieHHs 3aJaud  CHCTEMHOIO aHalM3a  SBIIOTCA
creyromue TpedboBanusl, npeabssisiembie k LIT PJIC:

®  pa3psIHOCTH;

e  JIONyCTHUMBIE IIOTEPH;

e  OpIcTponeiicTBHE, 3aJaBaeMOe CKOPOCTBIO BBITTOJHEHUS 0a30BBIX
onepauuii BI1®D;

e  (opmart npeacTaBICHUS TaHHBIX;

e anropuTt™ IU(pPOBOI 00PaOOTKU CUTHAJIOB.

Ha »tame renepaumm BapuanToB anroputma L{OC mpencraBnsercs
BpeMeHHOUM ceTh Iletpu. Pesynbrarom ananusa BpemeHHoW cetu lletpu
ABIIAIOTCSL  pa3iU4HbIE  CTPYKTYpHble  BapuaHThl nocrpoenus LI,
yIOBIETBOPSIONIME  TPeOOBaHUSIM W OTIMYAIOIIMECS  CTENECHBIO
pacnapasuieIMBaHusl BBIYUCIICHUH alropurma.

Ha sTtame anHanm3a cTpyKTYpHBIX BapUaHTOB ONpPENENSIOTCSA 3aTpaTbl Ha
KaXKABIM U3 TeHepUpyeMbIX BapuaHTOB. Ha ocHOBaHMU 3aTpaTr OIlEHHUBaeTcA
(G QEKTUBHOCTh KaXKIAOTO W3 BapUaHTOB, KaK OTHOLIEHHE BEPOSTHOCTU
BEITIOJIHEHUS 3a7adll K 3arparaM. OntumanbHbeIM Oyzer cumrtathes KTB,
HMMEONINH MaKCUMAaIbHOE 3HaYeHUE Y PEKTUBHOCTH.

YupasJjienue j1y4oM B chepuuecKOil aHTEHHOI pelieTKe ¢ MOMOIIbIO
HeJIMHEeHO-TU(PAKIMOHHOr0 ciocoda Ga3zupoBaHUS
Manyrun K.A., Heynakun A A.

BAINY, r. Boponex

— aHaTM3 COCTOSHHSA M TEpCIEKTHB Pa3BUTHS aBHAIIMOHHBIX OOPTOBBIX
PanuodIEKTPOHHBIX KOMIIJIEKCOB MOKA3bIBAET O HEOOXOJUMOCTH Pa3padOTKH
MHOTO(QYHKIIMOHAIEHOH OOpTOBOW aKTWBHOM (ha3MpOBAaHHOW pEIIETKH
(adap). mocTaTouHO WIMPOKO U3YUCHHBIC IDIOCKHE (ap HUMEIT Pl
CYIIECTBEHHBIX HEIOCTATKOB, YCTPAaHEHHWE KOTOPHIX BO3MOXKHO 32 CYET
pa3MelleHusl  u3ayyaTelied  Ha ~ COOTBETCTBYIOIIEH  KPUBOJIMHEHHOM
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IMOBEPXHOCTH. PCHICTKH TakKoro THUIIA TOJIYyYnJIn TEPMUHOJIOTUIO
«KOH(OPMHBIEY.

— B HAyYHO-TEXHHYECKOW JIMTEpaType, MOCBSIICHHOH adap OTMEYEHO, YTO
cepuyeckasl pemieTka, SBISSACH YaCTHBIM CIydaeM KOH()OPMHBIX aHTEHH,
MOYKET HCIOJIb30BaThC B Ka4eCTBE MHOTO(QYHKIIMOHATIBHOW O0pTOBOH adap
OJaronmapsl palMOHAJIGHOMY WCHOJNB30BAHUIO W3IYyYaromeld MOBEPXHOCTH.
CeKTOp CKAaHHPOBAHUS TaKOil aHTEHHBl B a3MMYTAJbHOW IUIOCKOCTH
cocraiser 360°, a B yrmomectHoi — £90°.

— OgHOW M3 TpoOieM MpaKTUIeCKOH peanmu3anuu cdepudeckoit adap
SBIACTCA €€ CHUCTeMa YIPaBICHHSA JIydoM (Cyid). CyJ, HCIOJb3yeMbIe B
IUIOCKUX (hap, JOCTATOUHO MPOOIEMATHIHO Pealn30BaTh B KOH(POPMHBIX (ap
B CHJIy TOTO, 4TO TpeOyemble (pa3oBble COOTHOLICHUSI MEXAY H3IydaTeNsIMUA
MMEIOT HEJIMHEHBIN 3aKOH pacipeneseHus.

— B KaueCTBE TEXHWYECKOTO PEIICHHs NaHHOW NPOOJIeMbI MpeJiaraeTcs
WCIIOJIb30BAaTh CYJI Ha OCHOBE HEIMHEWHO-IU(PPAKIMOHHOTO CHOco0a
¢dasupoBanust  (Hacd). CYOIHOCTH JaHHOTO crmocoba — Ga3upoBaHUe
MIPOM3BOJIFHO  PACHOJIOKEHHBIX ~ M3Jydareliell ¢ HCIOJIb30BaHUEM
BCIIOMOTaTeJIFHOTO M3JIyYEHHS B BHIE CYNEPIIO3HIMA MOHOXPOMATHYECKUX
BOJIH C OJIU3KMMH YacTOTAMH. B MPUEMO-TIEPEHAONINX MOIYJISX C MOMOILBIO
KBaIpATHYHOTO  aMIDIUTYIHOTO JETEKTOpa BBINCISIOTCS OWCHHS Ha
Pa3HOCTHOHM YacTOTe, KOTOPbIE HCIIOJIB3yeTcs KaK CHUTHal BO30YXICHUS B
pexuMe Iepeiadyl U Kak reTepOANHHBIN CUTHAN B PeXXHUMe IIpHeMa.

— CKaHHMpPOBAHHUE JIy4YOM MPOU3BOJUTCA NYTEM IJJICKTPOMEXAHUYECKOI'O
yIpaBJCHUS] YIJIOBBIM  IOJIOKEHHEM  BCIOMOTATEeNbHOTO  O0ydaTels,
COCTOSILIIETO M3 JIBYX HEHAIIPABJICHHBIX W3JIy4yaTelled, IPU 3TOM MaKCUMyM
JarpaMMBbl HarpaBJIeHHOCTH (1H) (OpMUpPYeTCsl B HAlPaBJICHUN M3ITydaTelis
C MEHBUIEH 4aCTOTOM.

— JIOCTOMHCTBOM HJC( SIBISETCS OTCYTCTBHE (a3oBpalnareield, 4ro B
3HAYUTENBHOW  CTENEHH TMOJNOKHUTEIBHO  CKa3bIBACTCS  OTHOCHTEIBHO
anroputMa (asUpoOBaHHA M CTOMMOCTH adap. ObUIO MOKa3aHO, YTO TaKOH
croco0 (a3upoBaHUs CYNIECTBEHHO CHIDKAET TpeOOBaHMs, IPEABSIBIIEMbIC K
TOYHOCTH YCTAQHOBKH H3JIydaTeNeil 1 )KECTKOCTH KOHCTPYKIMH H3Ty4YarolIero
MIOJIOTHA.

— TPOBENCHO CpaBHEHHWE NH cdepuueckoil adap ¢ HIC) u cuUHPa3HOH
ceprueckoil ap. MOJy4eHHbIE Pe3yJbTaThl (PAKTHYECKH COBMAJAIOT, TEM
caMblM  TIOATBEPXkIasi ~ BO3MOXKHOCTb  IPaKTHUECKOH  peanu3anuu
chepudeckoii ap ¢ Hacd.
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IIpukaagnsle cieacTBus 3akoHa DUTTCA VIS NPOEKTHPOBAHUS
M0JIb30BaTeIbCKUX HHTep(deiicoB AaBUAIIMOHHBIX, PAKETHBIX U
KOCMHMYECKHX CHCTeM
Mopyrun IT.A.

MAMW, r. MockBa

3akon ®urrca ObuT mpemiokeH B 1954 romy W BIiepBbIE NPHMEHEH B
TICUXOJIOTUN B3aUMOJICHCTBUS KOMIIbIOTEp-uenoBek B 1978 rony. /laHHsIi
3aKOH MOXXET OBITh C(OPMYIHPOBAH B aIaNTHPOBAHHOM IJISI PELICHHS 3a/1ad
TIPOEKTUPOBAHMUSI TTOJIL30BATEIBCKAX HHTEP(EHCOB BUE: BPEMS JOCTIKCHHS
LeMM B MWUIMCEKYHAAX MPSMO IPOMOPIHOHATGHO AWUCTAHIUU 10 LEHTpa
LenTd B MHUIMMETpaXx M O0OpaTHO TPONMOPLMOHAIBHO INUPUHE LEIH,
HN3MEPEHHON BJIOJIb JBIKEHUS Kypcopa B MHJUTIMETpax.

To ecTb, 4eM fanplle WIX TOYHEE BBIMOJIHIETCS JBIKCHHE, TeM OOIbIIe
KOPPEKIIMM HEOOXOJMMO JUIS €ro BBINOJHEHHS, W OONblle BpeMeHH
TpeOyeTcsl UIsl BHECEHUS 9TOM KOPPEKLIUH.

W3 sTOro 3akoHa MOKHO BBIBECTH JIBa CIEACTBHSI, KOTOPbIE MOTYT OBITH
MPUMEHUMBI TIPU  TIPOEKTHPOBAHHWU  II0JIb30BAaTENLCKUX — MHTEp(dEiicoB.
AOCOJIOTHO JIpYKENIOOHBIH  JJISI  TIONB30BATENsl DJIEMEHT  YHpPaBICHHS
XapaKTepu3yeTcs CICAYIOIUMHU IPU3HAKaMHU.

1. Oun GeckoneuHoro paszmepa. J[aHHOE ClIEACTBHE IIMPOKO HCIIOIB3YIOT
3apyOeXHbIE IPON3BOIUTENN MPOTrpaMMHOTO obecrieueHus. llpakTndeckw,
3TO AOCTUTAETCS 3@ CUET TOTO, YTO MPHU MOABEICHUH Kypcopa K Kparo KpaHa
OH OCTAaHABJIMBACTCS, JaX€ €CIH JBIDKCHUE Kypcopa MpopobKaeTcs. Takum
00pa3oM, 3JIEMEHT yNpaBIICHUs, PACIIOIIOKEHHBIN y Kpas 3KpaHa, UMEET Ui
NOJIb30BaTelsi OECKOHEUHYIO BHICOTY WM HIMPUHY U CKOPOCThH JOCTHXKEHHUS
TaKOT'O 3JIEMEHTa YTPaBJICHHs 3aBUCUT TOJIBKO OT PAacCTOSIHHUA IO Hero. JTo
JenaeT TaKWe OJEMEHTHl YIpaBleHHs HauOojee IOCTYIMHBIMH Ui
nons3oBarens. Hanpumep, B oneparuionHoi cucteme Mac OS X, rmaBHoe
MEHIO BCET/1a HaXOIUTCS BIUIOTHYIO K BEpXHEMY Kpalo 3KpaHa.

2. luctaHiys 10 HEro B KaX/blii MOMEHT BpeMeHH HyleBas. KonTekcTHoe
MEHIO, BBI3BIBAEMOE 110 KIIMKY NPABOH KIIABHIIM MBIIIH, SIBISIETCS €/[Ba JIM HE
caMblM ObICTpBIM ¥ 3(GQEKTUBHBIM  3JIeMEHTOM ynpasieHus. OHO
OTKpBIBAETCSI HETTOCPECTBEHHO MO KypPCOPOM M PacCTOSIHHE JI0 JII000TO U3
€ro »JIEMEHTOB Bceraa MuHMManbHO. C 3TOH K€ IEeNmbi0 BBOIATCA
KOHTEKCTHO-3aBHCHUMBIC IHAJOTOBbIE OKHAa. Hampumep, B HpoaykTe
Microsoft Office, naunnas ¢ Bepcun 2007, npu BBIAETICHUN TEKCTa, IPSIMO
O] KyPCOPOM OTOOpa)kaeTcsl MaHe b (POPMATUPOBAHUS aTPHOYTOB TEKCTA.

Takum 00pa3zom, CiieACTBHS, BEIBOIUMBIE U3 3aKkoHa DUTTCA, MOTYT UMETh
MIMPOKOE MPHUKIATHOE NMPHUMEHEHHE NPH PELICHWH 3ajad MPOEKTHPOBAHUSA
MI0JIb30BaTEIBCKOIO B3aUMOJIEHCTBUS.
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CoBpeMeHHBIH NOAX0/ K NPOBEICHUI0 HCNIBITAHN HAa 0€30TKAa3HOCTD H
COXPaHsIEeMOCTh MOJIYPOBOAHUKOBBIX MPHOOPOB
Kpacnos M.I., Camos A.A., llItykapes A.1O.
Poccuiickue xocmuueckue cuctemsl, I. MockBa

HapexHOoCTs COBpeMEHHOI KOCMHUYECKOW paauoanmapaTypbl sIBISETCS
OHOW M3 aKTyaJbHBIX 3alad C YYETOM JUIMTEJIBHBIX CPOKOB AaKTUBHOIO
CYIIECTBOBAHHUS (CAC) KOCMHUECKUX anmnaparoB (KA).
[omynposomaukossie mpudops! (ITI1I1), B kKoTOpsle BXOAAT U MHTETPATBHHBIC
cxempl (MIC), B Oojpmied  CTemeHW  ONPENENSIIOT — HaJAeKHOCTh
panuoanmapaTtypel. Bospacraromme TpeOoBaHHMS K - (pyHKIHOHAIBHBIM
BO3MOXKHOCTSIM M Macco-Ta0apuUTHBIM  TIOKa3aTelsM  BBIHYXKIAIOT
pa3paborunkoB mpumeHATh [IIII1 WHOCTpaHHOTO TPOM3BOACTBA, KOTOPHIM
HE0OX0IUMO MPOBOAUTD cepTH(hUKAIIMOHHBIE UCTIBITaHUS TSt
TOATBEPXKIICHNSI CTOMKOCTH K MOJIENIM BHEIIHUX BO3/IEHCTBYIONIMX (haKTOPOB
(BB®) Ha pamuoanmnapatypy aaHHoro KA 1 moATBep»KIeHUS! CPOKa CITYKOBI.

B pamkax cepTH(QUKAIMOHHBIX HCHBITAHUA IPOBOAATCS YCKOPEHHBIE
ucnbiTanuss Ha Oe3orkasHocTe [ Ha BBIOOpKe W3 maptuu. CoriacHo
6onpmmHCTBY [IporpaMm Ha mpoBeneHHE CepTH(UKAIMOHHBIX HCIBITAHUN
ANIEKTPOHHOU KOMITOHEHTHOH 06a3el (DKB) wWHOCTpaHHOTO MPOU3BOICTBA
WCTIBITAaHHS Ha 0E30TKa3HOCTH MpoBoAsATCs B TedeHue S00 9 mpu mpenensHo
JomyctuMoM pabouem pexkume. C  ydgerom mmurensHbix CAC  Ha
coBpeMeHHYI0 paauoanmaparypy KA (10 u 15 net), yckopeHHBIE HCTIBITAHUS
Ha 0E€30TKAa3HOCTh AMUTENHHOCThIO 500 4 TpW BO3ACHCTBUU YCKOPSIOMINX
(akTopoB He rapaHTHpYIOT Oe3oTkasHyro pabory IIIIII wHOCTpaHHOTO
MPOHM3BOJICTBA C TOCTATOYHOM BEpOSITHOCTHIO (Oosee 60%) Oe3 mpoBeacHUs
aHamu3a IMOJYYEHHBIX pE3ylbTaTOB, MeETOAMKAa pacdyeTa KOTOPBIX IO
HACTOSIEr0 BPEMEHH OTCYTCTBOBAJIA.

Ecimu IITIII xpaHunuch AIUTENBHOE BpeMs [0 SKCIUIyaTallud, ToO
JIOTIOJIHUTENBHO TPOBOIATCA HUCHBITAHUS HA COXPAHIEMOCTh C LENBIO
KOHTPOJISl COXPAaHHOCTH BCEX MapaMeTpOB B JOMYCTUMBIX HOPMax, BKIIIOYast
pecypc. Ha Hacrosmmii MomeHT otcyrcTByer mnoaxon s [T
WHOCTPAHHOTO TIPOM3BOACTBA K pacdeTy KOd(PQHIMEHTOB YCKOPEHHUS IpH
MIPOBEJICHUHM 3Tana XpaHEHWs 3a CYEeT TAaKUX OCHOBHBIX (DAaKTOPOB, Kak
TeMIiepaTypa ¥ OTHOCHTENbHAS BIAKHOCTh OKPY)KAIOIIEH cpensl, a Takxke
KOHILIEHTPALUSI arPECCUBHOM CPEIIBI.

ABTOpamMH pa3paboTaHbl METOJUKH pacyeTa BEPOSTHOCTH OE30TKa3HOH
pa6otsr IIII1 nHOCTpaHHOTO HPOU3BOJCTBA MO PE3YJIbTaTaM IMPOBOJUMBIX
YCKOPEHHBIX HCIBITAaHWH Ha O€30TKa3HOCTh M Iepecdera pe3yJbTaToB
ucnbITanuil npumenutensHo kK Mojenu BB® u CAC mna KA, a Taxoke
MeTo/MKa pacyera Ko3(pHUIMeHTa YCKOPEHUs MPH MPOBEJCHUH HCIBITaHUN
Ha COXPaHAEMOCTb. ITomyuennsie pe3yIbTaTh MOJITBEPKICHBI
SKCIEPUMEHTANbHO, BHEAPEHBI B BUJE MHCTPYKIHUH Ha MPOU3BOJCTBEHHOU
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6aze HL[ COO OAO ”Poccuiickne KOCMHYECKHE CHCTEMBI”, pa3paboTaHa u
BHEApPCHA B MPOU3BOACTBO CIICHHAIU3WUPOBAaHHasd CHUCTEMaA JIA IMPOBCIACHUA
nmauHbeIX ucneiTanni T

IIpuMeHeHNe MMUTALMM CJIYYAHBIX MPOLECCOB MPH MCIBITAHUIIX
3JIeKTPOHHOM anmnapaTypbl Ha BUOPallMOHHBIE BO3eliCTBUS
Kymm6aba A.51.

Poccuiickne kocMHYeCKHE CUCTEMBI, T. MOCKBa

ObecreyeHne HaJASKHOCTH 3JIEKTPOHHOW ammapaTypsl aBHAIlMOHHOW H
KOCMHUYECKOW TEXHUKH SBIACTCS AaKTyalbHOW 3amadeil. Cpeam BHEIIHHX
BO3ACUCTBYIOMMX Ha Hee (akropor (BB®) BaxkHOe MecTo 3aHUMaeT
BUOpaLysi, CriocoOHas BBI3BATh pa3pylleHHE KOHCTPYKIMU W HapyIIEHHs
(dbyHKIMOHMpOBaHUsl ammnaparypbl. [lodTomMy s oOecrieueHHs BBICOKOW
9KCIUTyaTallHOHHOW HAJIEKHOCTH TPHOOPHI M DJIEMEHTHl HEOOXOANMO
TIIATEJIBHO HPOBEPATh Ha BUOpalMOHHBIE Bo3nelcTBus. Ocoboe BHUMaHHE
ClefyeT YIeNATh UCIBITAHUSAM HUCIIOJIBb3YEeMOH AJIEKTPOHHON KOMIIOHEHTHON
6a3p1 (OKB), Tak Kak ee KadecTBO BO MHOTOM OIpEIEsieT KadecTBO
anmnapaTypal.

JUis  ucnplTaHWi  Hanbonee  KPUTHYHBIM — BO3ZCHCTBHEM  SIBIISICTCS
IIMPOKOTONocHas ciydaitHas BuOparus (LLICB), Tak kak 0Ha MakCHMaJbHO
MpHONIKEeHa K pealbHBIM ycloBHAM dKciuryataru. Bung [IICB 3aBucur ot
mozenu BB® Ha ammaparypy M 3aJaercs CHEKTPajJbHOW ILIOTHOCTBIO
MOIITHOCTH BHOpoyckopenus. Takum obOpazom, 1t BocmpousBeaenus 11ICB
CHCTEeMa UCIBITAaHUN Ha BUOpAIMOHHBIE BO3ICHCTBUS MOJDKHA HCIOIB30BATh
HEKOTOPHI alrOpuTM HWMHTAlMU ciaydaiHbix mnponeccoB (AWCII) ¢
3aJJaHHBIMH KOPPEJSIIIMOHHO-CIIEKTpalbHbIMU  Xxapaktepuctukamu  (KCX).
Cgoiictea AVCII Bo MHOTOM ONpeAEsIOT BO3MOKHOCTH CUCTEMBL.

B Hactosimee Bpemsa mmpoko ucnonsdytorcs AWCII, mocTpoeHHbIe Ha
ocHOBe MeTona Gopmupyronmx GuisTpoB (PD) 1 ceKTpaTbHBIX METOOB.
Cnabemm MecToM MeTona @@ SABIAIOTCSA MOKa3aTedW TOYHOCTH, HU3KUE LIS
kopotkux peammsanuii CII m ¢ TpyZoM mommaromuecs pacdery.
XapaKTepUCTHKH CHEKTPAIbHBIX METOJOB 3aBHUCSAT OT HCHOIb3yeMOH
CUCTEeMBI 0a3uCHBIX (QYHKIMA: 06a3uc QyHKUIHH Yoia mo3BOJIsIeT JOCTHYb
HauBbICILIECH CKOpPOCTH BBIYMCIICHUH, a 6azuc JUCKPETHBIX
9KCTIIOHEHIMANbHBIX (YHKIMHA — HanOoJiee KaueCTBEHHBIX peai3aluil B
mwiaHe uX  QYHKOAH  paclpeiieficHus  BeposTHOCTeW.  TodHOCTh
BocrpousBeneHus  3agaHHbIXx KCX © BEpOATHOCTHBIE  CBOMCTBa
Mozenupyemoro CII BIUSIOT Ha JOCTOBEPHOCTh MPOBOJUMBIX HCIIBITAaHUM, a
OT BBIUUCIIUTENIBHOMN CIIOKHOCTH aJTOPUTMA 3aBUCAT pa3peleHHs M0 YacToTe
1 TI0 BPEMEHH HCITBITATEIbHON CHCTEMBI.

B nmoxmanme mpezncraBieH pa3paOOTaHHBIM aBTOPOM CIEKTPaJbHBIA METOX
nvuranmun CIT B Oasuce ¢ynkumit Bunenkmna-Kpecrencona, Ha ocHoOBe
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KOTOPOTO BO3MOYKHO TIOCTPOCHHE aJIrOPUTMOB, OOJIQAIOUINX BBICOKOU
TOYHOCTHIO W ONTUMAJIbHBIM COYETAHHEM CKOPOCTH BBIYHCICHUS U
BEPOSITHOCTHBIX CBOMCTB MOJy4aeMbIX peanusanuii. Mcronb3oBanue MeTona
mig ucnelTannii Ha Bo3gercTBue IIICB MO3BOMUT IOBBICHTH KadecTBO
WCIBITAHUN W, CIICJOBATECIHLHO, BUOPAIIMOHHYIO HAJIC)KHOCTH aIlmapaTyphl.
Pa3paboTaHHBIIf METOT TOTOBHUTCS K BHEAPCHHUIO HAa MIPOM3BOJICTBCHHON 0a3e
HII C30 OAO «Poccuiickue KOCMHYECKHE CHUCTEMBD» [UIsl MPOBEACHUS
ncnbitannii OKb Ha BUOPOITPOYHOCTH 1 BHOPOYCTOHYHBOCTb.
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6. Cexuus «CucremMspl ynpapjeHusi, HHPOpMaTHKA
U JIEKTPOIHEPTeTHKA»

MeToas! o0ecnevyeHnsi NapaiieabHoO paGoThl 321aI01HUX FeHEPATOPOB
JJIS1 TPAH3UCTOPHBIX HHBEPTOPOB
Boponuna JIL.H.
PCK «Mul'», r. Mockaa.

TpaH3uCTOpPHBIE WHBEPTOPHI CIYXaT Uil TIpeoOpa3oBaHUsl SHEPTUH
MIOCTOSTHHOTO HANpSDKEHHUsA (TOKa) B JHEPTHI0 TEPEMEHHOTO HANPSDKEHMS
(TOKa) W ABIAIOTCS KaK CaMOCTOSTENIbHBIMU yCTPOWCTBAMH, TaK U COCTABHOU
4acThI0 MCTOYHHKOB OecrmepeboitHoro mutanus (UBII), mpeobpaszoBaTemneit
4acTOThl M T.A. Boszpactatomme TpeOoBaHMS K HCTOYHHKAM BTOPHIHOTO
MIUTaHNUSA, OJHUM M3 KJIACCOB KOTOPHIX W SBISIFOTCS. WHBEPTOPHI, TPEOYyIOT
YBEJIMYEHUSI MOIIHOCTH TpeoOpaszoBaTeneil. Ho Tak kak paspaboTka Oomee
MOIIHBIX ~YCTpPOIMCTB HE BCerJa OKas3blBaeTCs Leliecoo0pasHoil ¢
9KOHOMHYECKOH TOYKH 3peHHs, B psjAe ciydaeB Ooyiee BBITOIHO
UCIIONB30BaTh MapajlieIbHOE COeAMHeHHe HHBepTopoB. K Hacrosmemy
BpeMEHH 3apyOekHble (QUPMBI yXKE€ OCBOMIHM BBIIYCK JAHHOTO BHAA
npeoOpa3oBaTeyield, OJHAKO CIIEHAINCTHI ATUX (UPM HE pPacKphHIBAlOT B
CBOMX CTaThsIX CTPYKTYPHBIE M CXEMOTEXHHUUECKUE PELICHUs MapaijielbHON
pa0boTel WHBEpTOpOB. B mareHTax maroTcs JUIIL OOIIME HPUHIUIBI 03
JeTAIN3alNH, KOTOpasi UTPaeT OOJNBIIYIO POJIb TIPH MPOEKTUPOBAHHH.

CymiecTByIomye Ha JaHHBII MOMEHT METObI 00ECIeUeHUs! TapajIeIbHON
pabOTBl MHBEPTOPOB OCHOBAaHBI HAa CHH(A3HONH CHHXPOHH3ALUH 33JArOLINX
reHepaTopoB. OHa MOXKET OCYLIECTBIATHCSA IBYMsI CIIOCOOAMM: TIPSIMOH
UMITyJIbCHOW CHHXpOHHM3alMed W MeToAoM (Da30BOil aBTOMOACTPOWKH
gactotel (DAITY). Ho »3TH cmocoObl HMEIT CBOM  HEIOCTaTKH,
3aKIIFOYAloIUecss B TOM, YTO B HHX MHCIIOJB3YETCS PEXUM «BEAYILUii-
BEJOMBI» M CHHXPOHU3UPYIOTCS TOJBKO BEJOMbIE TIeHepaTtopel. B
pe3yibpTaTte eciad BeAyIIMi IeHepaTop BBIMAET M3 CTPOsi, TO BCS CUCTEMA
okaxercsi He paborocnocoOHOW. [lodTOMy BBINIEyKa3aHHBIE METOJBI
cuHXpoHM3auu 3" Helb3sl CUMTATh HAASKHBIMU U noaxoaamumu st COC
JIA.

[Ipennaraercst aBTOHOMHBIN pexuM paboTsl 31, IpUueM CHHXPOHHU3AIH
OyZeT MpPOBOAWUTHCS METOIOM IPSIMON WMITYJIbCHOW CHHXpOHHM3anuu. Ilpn
stoM 3I° Moryt ObITh BBIIOJHEHBl MO pPa3HBIM CTPYKTypaM, HO
paccmarpuBarbesi OyneT ofHa ompenesneHHas. [l momydeHus: TpedyeMoro
3HA4YeHUs BBIXOAHBIX MapaMeTPOB B MpeAiaraéMOM METOJIe BBOASTCSA TPH
uH(pOpMaLMOHHBIE CBS3M — IO 4YacTOTe, aMIUIUTyAe U (asze, KOTOpbIe
MO3BOJIAT CHHXPOHHU3UPOBATH T'€HEPATOpPBl JAa)xke IPH YCIOBUM, YTO OHHU
HUMEIOT TEXHOJIOTHYECKHE Pa30poCkl HapaMeTpoB.
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PaGoTOCIOCOOHOCTE  3TOrO  METOAa JOKA3bIBAeTCSl KOMIIBIOTEPHBIM
MOJIETTUPOBaHUEM.

HNupopMannoHHO-BBIYHCIUTEIBHAS CHCTeMa ynpaBJisieMoii
ABMANMOHHON paKeThl KJacca «BO3AYX-BO3IyX»
T'aBpuiios H.B.

BAINY, r. Boponex

Henpro maHHON paboThl sBIsIach pa3paboTka HHGOPMAIMOHHO-
BeraucnutensHo cuctembl (MBC) ympaBnsiemMoll aBHAIIMOHHON pPaKeTHI
(YAP) xmacca  «BO3OyX-BO3AyX»,  oOecmeumBaromeil  IOpaKeHHE
HEPCIIEKTHUBHBIX CPEACTB BO3AYITHO-KOCMUYECKOTO HAMa/ICHUSI.

B Hacrosimee BpeMs ONIpPENEeNWINCh CICAYIONINE TSHACHIMU Pa3BHTHS
CPE/ICTB BO3IyLIHO-KOCMHUYECKOTO HalaJeHHs: TOJIET Ha MpelesibHO Mallon
BBICOTE CO CBEPX3BYKOBOIl CKOpOCTBIO; TIOJIET Ha OOJBIION BBICOTE C
THIIEP3BYKOBOU CKOPOCTEIO; TIOBBIIIIEHNE MaHEBPEHHOCTH u
TSATOBOOpY>kKeHHOCTH JIA; cHmkeHne 3ameTHOCTH JIA, B TOM 4HMCIe 3a CUeT
npuMeHeHnsT TexHojornu «Ctenc» W ap. B cBA3M ¢ 3THM mOCTaBiIeHHAs
3aja4a ABIAETCS aKTyaJIbHOM.

JUisi  pemieHMs TOCTAaBICHHOM 3amayd  OBIT  pa3paboOTaH  ajIrOpUTM
(YHKIIMOHHPOBAHUS MH()OPMAIMOHHO-BBIYNCIUTEIbHON CHCTEMBI,
HCTIOTB3YONINHA TOTIOTHUTENBHYI0 HHOPMAIMIO 00 yCIOBUAX COMMKEHHS
VAP ¢ uensro.

Ha ocHoBe aHanmm3a B3aMMHOTO MOJNOXKEHUS nenu U YAP B 3amaHHbIC
MOMCHTBI BPEMEHH C IMOMOIIBIO pa3pa6OTaHHI>IX AJITOPUTMOB TIOJTYHarOTCA
OLICHKH:

e  BenMuMHEI U (a3sl mpomaxa Y AP oTHocHTenbHO 1eny;
e pakypca Lenu npu noaxoae YAP;
®  JIMHBI IETIH.

[TomydeHHbIE OLEHKH HCIONB3YIOTCS A (HOPMHPOBAHUS BpPEMEHHOM
3a7epKKn cpabaTeiBaHus OoeBoi dacTn YAP ms obecrieueHns ee MOApHIBa,
00€ECIIeUYNBAOLIETO MaKCHUMAJIbHYIO BEPOSITHOCTD NMOpPaKeHMS Lenu. Takxke
MPEeIOKEHO  [UIT  TOBBIIICHHS A((GEKTUBHOCTH TpuUMeHeHus Y AP
HCIIOJIb30BAaTh MHOTOTOYEYHYIO CHCTEMY WHHIMHPOBAaHHA OOCBOM YacTH.
Touky WHHLIMHMPOBAHMS JaHHOM CHUCTEMBI pacIojaraloTcsl Mo mnepudepun
6oeBoit yvactu YAP. Ha ocHoBe ananu3a ¢a3sl mpomaxa Y AP oTHOCUTENBEHO
oeim " Kiaacca NeiIu IPOU3BOAUTCIA BBI60p TOYKH WHUIHUUPOBAHUA,
o0ecrieunBarONIMi MOBBIIIEHHE CKOPOCTH pasiieTa MOPaXKaloIIuX JIEMEHTOB
00€eBoi1 YacTH JuIsl YBEIMUYEHUSI CKOPOCTH MX BCTPEUH C dJIEMEHTaMHU I1IeJH, a
TaKKe IOHIKEHHE CKOPOCTH MOPAXKAIOIIUX HJIEMEHTOB IPH IOPaKEHUH
BBICOKOCKOPOCTHBIX IeJIeH JJIsI yBEITWIECHUSI BpEMEHH B3aHMOICHCTBHS.
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Bbu10 pon3BeieHO MOAENMpPOBaHNE pa3pabOTaHHBIX aJITOPUTMOB, a TAKIKE
OlLlIeHKa MX TOYHOCTH, YTO IMO3BOJIMJIO MPEIbIBUTH TPEOOBAHUS K TOYHOCTU
n3Mepureneit, ucrnonabzyeMslx B UBC YAP.

Taxxe OblIa Tpom3BeIeHA OleHKA 3 deKTUBHOCTH pazpadboranHoii BC
IpyU ACUCTBUM IO COBPEMEHHBIM M MEPCIEKTUBHBIM CPEACTBAM BO3IYIIHO-
KOCMHYECKOTO HallaJICHNUSI.

Pe3ynpTaToM BBIMOIHEHHOI PaOOTHI SBISIETCS] ANTOPUTMUYECKUH armapaT
n crpykrypa UBC YAP, Ha KOTOpBIE MOJy4eHB! MAaTEHTHl Ha M300peTeHHs
Poccuiickoit denepannu.

IKCIepUMEeHTAIbHbIE HCCIEI0BAHNSA MOIPEIIHOCTell TPEXOCHOro 0/10Ka
JIa3epHBIX THPOCKONOB M Pa3padoTKa MeTOA0B MX KOMIIEHCAIIMH
baes B.I"., 'aBpuinbes [LI1., [Inexanos B.E.

MAMW, r. MockBa

B nacrosmee Bpems passutne BITHC Ha nma3epHBIX THPOCKOMax TpeOyeT
YIy4dIIeHUus MX OKCIUIyaTallUOHHBIX XapaKTePUCTUK U  YMEHBIICHUS
rabapuTHO-MAaCCOBBIX  XapakTepHCTHK. OMBIT  pa3padOTKH  JIa3epHBIX
THPOCKOIIOB TIOKA3bIBAET, YTO OCHOBHOI IOTPEIIHOCTBIO 3THX INPHOOPOB,
SIBIICTCSL CIy4aiHbBIA npeiid. Jpyroit mpoOieMoil sSBIsSETCS YIIydIICHHE
9KCIUTYaTAlOHHBIX XapaKTEPHUCTHK, ONPEAETIEMBIX OCHOBHBIM 3JIEMEHTOM —
konbreBbM J1azepoM (KJI) ¢ remuii-HeoHoBo# cpenoit. s pemenns 3amgayn
TIOBBIIIEHUS] TOYHOCTHBIX U YIIy4IIEHHS SKCIITyaTallHOHHBIX XapaKTEPUCTHUK
BUHC  tpebyercss  yriuyOneHHbI  aHajiM3  MEXaHW3MOB  BIUSHHS
KOHCTPYKTOPCKO-TEXHOJIOTHYECKUX IapaMeTpOB Ha BEIUYUHY CIIy4aifHOro
npeiipa. Ha ocHOBe KOTOpOro pa3paOaThIBAlOTCS TEXHWYECKHE PELICHUS,
HanpaBJICHHbIE Ha COBEPIICHCTBOBAHHE KOHCTPYKLUHM M TEXHOJOTHU
H3TOTOBIIEHUS JTa3€pHBIX THPOCKOIIOB.
[epBBIM 3TaoM pa3pabOTKH SIBISETCS IKCHEPHUMEHTAIBHOE HCCIICAOBAHUE
MOTPEITHOCTEH TPEXOCHOTO OJ0Ka JIa3epHBIX THPOCKONOB C  IIENBIO
YMEHBIICHUSI BKJaga IOTPENIHOCTEH B TOYHOCTHBIE XapakTepucTuku BJIT
(TpexocHOTO).
BropsIM 3TarnoM pa3paboTKH SABISIETCS CO3/IaHNE MaTEMAaTHYECKOH MOJEH
BKJIaZIa TIOTPEIIHOCTEH B TOUHOCTHBIE XapakTepucTik BJII" (TpexocHOr0):
® BHYTPEHHHE HCTOYHHMKH TOTpemrHocTeil (nedanaHc, MOJNOXKEHHE OCH B
MIPOCTPAHCTBE, KOHHYECKOE JBIWXKeHHe, HecoocHocTh JAYC wu ocu
CUMMETpPHHU KOpITyca pe3oHaTopa, TeMieparypa u T.1.);

e BHENIHWE  MWCTOYHUKM  MOrpelrHoctedl  (medopmamms — Kopiyca,
B3aUMOBIIUSTHHE KaHAaJOoB, HEPaBHOKECTKOCTh aMOPTHU3aTOPOB,
MarHuTHOE T10JI€ U T.J.).
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IIporxo3 coBepmeHust OIIMOOYHBIX JeliCTBHIA JIeTUNKA Kak (akTopa
aBapuiiHOCTH
Hanunenko A.H.
CT'AY, r. Camapa

Ommbka neTynka Kak (akTop CHIDKEHHSI 0€30MacHOCTH II0JIETa HA BCEM
MPOTSHKEHUH  WCTOPMM  aBHAlMM  ObUIa  IIPEIMETOM  BHHUMAaHUS U
CIELHUAJINCTOB-TIPAKTUKOB, W  HWH)XEHEPOB-MHCTPYKTOPOB, M  Hay4YHBIX
pabOTHHUKOB B 0OnacT ncuxonorud. Jlonroe Bpemst IpU3HATH (PaKT OLMIMOKH
O3HAaYyaJ 0 MPU3HATH JIETYNKA BUHOBATHIM B HEBBHIOJHEHHM 3alaHus, B
MIOJIOMKE TEXHHWKH M B €ro coOcTBeHHON rudenu. OTciofa Bce MEpOIPUATHS
mo Ooprbe ¢ ommOKaMu BBUIMBAINCH B OTOOp, OOy4YEeHHE W BOCIHTAHHE
(makazanme). DTH Mephl, OYEBHIHO, HEOOXOMWMBI, HO HEIOCTATOYHEI,
MIOCKOJIbKY OIIMOKHM COBEPINAIOT OTOOpaHHBIE MHOTOJIETHEH IPaKTHKOM,
KBaHH(i)I/IHI/IpOBaHHble JICTYUKH, 9TO MO3BOJIACT MNPEAINOJOXKUTh, 4YTO
YeloBeueCKnid  (pakTop  aBapuUHHOCTH HE CBOAUTCI K  mpoldiieme
npodeccrHoHaNBbHON HENMPUTOHOCTH.

JlesTenpHOCTH JNIETYMKA TpHCYyIla HEeoObIdHas Uit Apyrux upodeccuit
MIPOCTPaHCTBEHHAs] OpHeHTHpoBKa. OIEHKY TIOJIOKEHUSI caMmoJieTa B
MIPOCTPAHCTBE JIETYHK OCYIIECTBIISIET BU3yaJIbHO MO Ha3eMHBIM OPHUEHTHPaM
n 1o mupubopaM, a IpH OTCYTCTBHM BHAWMOCTH 3€MJIH B CIOXKHBIX
METEOYCIOBUSIX — TOJBKO IO NMPHOOpaM, YTO CYNIECTBEHHO OCIIOXHSET €To
paboty. KauecTBo B3amMopaeHCTBHUSI JETYMKA C IPHOOpPAMH JIETATEIHHOTO
ammapara BO MHOTOM OTIpeeTsIeTCs ero WMHIUBHIYaJIbHO—
TICUXOJIOTHYECKIMH OCOOCHHOCTSIMH, KOTOpPBIE MOTYT CIIOCOOCTBOBAaTh
COBCPUICHCTBOBAHUIO HpO(bCCCI/IOHaJ'IBHBIX HaBBIKOB WJIM 3aTPYAHATH O3TOT
nporiecc. IIposiBieHue WHINBUAYATHHO—TICHXOJIOTUYECKUX OCOOCHHOCTEH
MOXCT IPOUCXOAUTb Ha YPOBHC ICUXHUYCCKHUX IMPOLECCOB, TMNMCUXHMYCCKUX
COCTOSIHUH M TICHXUYECKHX CBOMCTB JIMYHOCTH.

Ocoboe Mecro B TepeyHe INPUYMH BO3AYIIHBIX aBapui 3aHHUMAIOT
OUIMOOYHBIE JEWCTBHS, CBSI3aHHBIE C IICUXOJIOTMYECKUMH CBOMCTBAMHU
JUYHOCTH — TEMIIEPAMEHTOM, XapaKTepoM, CIIOCOOHOCTAMH, HHTepecaMu. B
CBSI3M C YEM HCCIICIOBAaHHE TAHHBIX BOIIPOCOB OCTAETCS OCTPOH mpobiemoit
Ha MPOTSHKCHUH MHOTHX JIET.

HccnenoBanue mnNpoBOAWIOCH B ABUALMOHHOM 3CKaJpUibe OAHOU W3
YJacTed 3aKphITOro rapHu3oHa. Ha ocHOBE JaHHBIX, MOIyYEHHBIX C OMOIIBIO
TICHXOJIOTHYECKOTO TECTUPOBAHMS, OB CO3/IaH AMAarHOCTHYECKUI KOMIIIEKC
pOTHO3a MPOoheCCHOHATBHON () (HEKTHBHOCTH JICTYUKOB.

Kommiekc ocHOBaH Ha HEHpPOHHBIX CeTsSX ¢ HedeéTkoil norukoil. Ha
JaHHBII MOMEHT pa3paboTaHa MOZAEIb THOPUIHOTO HEHPOHEYETKOTO
kiaccudukaropa. Peannzosan anroputm LlykoMoTo, a B KayecTBe alropuTMa
o0y4eHUsl pea30BaH METOJ] OOpaTHOr0 pPAacCHpPOCTPAHEHUs OIINOKH.
BoisiBieHo  BimsHHME ~— MapamMeTpoB  TMOPHIHOTO  HEWPOHEYETKOTrO
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kiaccugpukatopa (00beMa 00yJaroleit BEIOOPKH, 1Iara 00ydueHHsI CETH, BUa
¢bynkupn dyz3udukanmu u Meroaa aedyssudukanyn).

Kpome Toro MoziepHH3HpOBaHHAS CTPYKTypa THOPUAHOTO HEHPOHEUETKOTO
KJaccu(prKaTopa M aIropuT™M ero 00YYeHHUS TO3BOJIIOT PEUIUTh MpoOIeMy
HEOOXOOMMOCTH MHOXKECTBA 3aMEPOB HHAMBHIyaJIbHBIX MOKa3aTesei,
JMHAMHUKA KOTOPBIX MO3BOJMIIA OBl MOCTPOUTH TPEHJ, M pellaTh 3aqady Ha
MalbIX BEIOOpKaX.

JlaHHBIH IOAXOM aeT BOBMOXKHOCTB C OINPECIICHHOH J0Jiel BEPOSTHOCTH
PACCUHTHIBATH MIPEAPACIIONOKEHHOCTh K OIIMOOYHBIM AEHCTBHAM B KaKIOM
KOHKPETHOM cilydae. Vcnonb3yeMblii B OpPraHHU3allMOHHO-YIPaBIECHYECKON
JeATeIbHOCTH, TAaKOW MPUHLMII MOXET II0OMOYb B IPOTHO3UPOBAHUH
OTIACHOCTH, BBI3BaHHOI YeJI0BEUECKUM (PaKTOpPOM.

O0 oqHOM crioco0e MOBbIIEHNS TOYHOCTH ABUALIMOHHOT O
OecniiaTgOpMEeHHOT0 TPABUMHEPIHATBHOTO0 HABUTAIINOHHOT O
komIuiekca (BI'HK)

Ad¢onun A.A., CynakoB A.C., EsctpatoB A/l
MAM, r. Mocksa

B paboTe mccnemyercss OpUTHHAIBHBIM CIIOCOO MOBBIIICHUS] TOYHOCTH
pabotsr aBmanmonHoro BI'HK ¢ ocHOBOHf B BuAE TIpaBUMETPHUYECKON
6ecriaTdopMeHHO WHepuHanbHOW HaBuranumoHHOW cucteMbl (BIIHC).
B  xagectBe  koppekrtupyrommx — noacuctem  BI'HK  Bxmrouwaer
aKCeJIepOMETPUYECKUII TMOCTPOUTETh BEPTHKAIH, MarHUTOMETPUYECKYIO
KypCOBYIO CHCTEMY M CIyTHUKOBYIO HaBuranuoHuyiwo cucremy (CHC).
Cozmanne BI'HK  1o3BOMMT TMOBBICUTH  MOMEXO3AIIMIIEHHOCTh H
CTaOMIIBHOCTh a3pOTrpaBUMETPUYECKUX HM3MEPEHHH, CHH3WTh 3aTpaThl Ha
MIPOM3BO/ICTBO CaMHX KOMIUIEKCOB M TPaBUMETPHUYECKYIO CcbeMKy. CyTb
MIPeAIaraeMoro Crocoda 3aKiIrodaeTcsi B TOM, YTO B Ipollecce HadaIbHOU
BBICTABKM Ha a’3poApOME CIEHUAIbHBIMH METOJAaMH C OYEHb BBICOKOW
CTENEHBI0 TOYHOCTH OIpPENENIIOTCS NapaMeTphl HABUTALMHM W OpPHEHTAINH
JIA, a 3arem Ha dsTame moséra 3Ta MHPOpPMALUSA SBISIETCS 0a30BOM I
HOCHTU(UKAIMA CUCTEMaTHYeCKHX cocTapisitonmx norpemsocreit CHC, B
obmeM ciydae Kak pa3 W ompenemtomux TouyHocTh BHUHC B
KOppeKTHpyeMoM pekume. [Ipu 3TOM Ipu Ka)<I0i HOBOW CMeHE pabouux
cosBezquii CHC B o0OmieM cityyae e€ MoJielib OIMOOK MPEroaraeT HOBbIE
3HAYCHUS CUCTECMATHUYCCKHUX HOFpeIHHOCTefI, KOTOPbIC OLCHUBAIOTCA. briio
MIPOBEJICHO MOJEINPOBAaHUE PA3INYHBIX pexxuMoB padotsl CHC. B nepBom
ciydae HaudaibHass BbicTaBka BI'HK mnpoBomumace ¢ ucnonb3oBaHHEM
(azoBoro pexxuma padboter CHC, Bo BTOpOoM — nuddepeHInaibHoro, 1ainee
Ha 3Tare IoJieTa BHE 30HBI a3pOApoMa HCIONIb30BajIcs An(depeHInaaIbHbINH
W CTaHAAPTHBIA PEXHMBI COOTBETCTBEHHO. Pe3ynbTaThl INPOBENEHHOTO
MOJIETTMPOBAHMS TIOKA3aJIi, YTO MPEUIOKEHHBIN CIIOCO0 MO3BOJISIET OXKHUIATh
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BO3MOXXHOCTh YBEJHUYEHHsS OLIEHMBAEMOCTH IapaMeTPOB OpPHUEHTALUU U
cucreMatnyeckux mnorpemHocted CHC, YTO mNpHBOIUT K CHUXKEHUIO
MOTPEITHOCTEH KOMIUIEKCAa B IEJIOM [0 CPaBHEHHIO CO CcilydaeMm 0e3
ucnions3oBanus crocoba: i CHC B muddepeHnmambHOM pexuMe MO
TOPU30HTAIBHBIM KOOpAMHATaM B 3-4 pa3a, IO BepTHKaIbHON — B 4-5 pas;
mit CHC B craHmapTHOM  peXWMe MOXKHO — OXHAATh  CHIDKCHHS
TIOTPEITHOCTEH OMpeeNieHNs] KOOPANHAT KOMIUIEKCOM B LIEJIOM 1O YPOBHS
TOYHOCTH padoThl mudpepenumansaoro pexxuma CHC. Ilpu stom B 000mx
ClIy4asix TOTPEIIHOCTH ONpPEEICHUS] TOPU30HTAIBHBIX MPOEKINH aHOMAaINN
YCKOPEHHS CHIIBI TSHKECTH yMEHBIIAKCh Ha TIOPSAI0K, BEPTUKAIBHON — B 2-4
pasa.

PabGora BhImosNHEeHA mpu (UHAHCOBOM mojyepxke MuHoOpHayku PO mo
npoektam 2.1.2/12142 ananutuveckoll BeIOMCTBEHHOM IENIEBOIT POrpaMMBbl
«Pa3BuTHe HayuyHOro moTeHnuana Beiciei mkousl (2009-2011 roasr)», HK-
528I1/58  ®UII  «Hayunele ©®  Hay4YHO-TIEIarOTHUECKHE  KaJpBbl
nHHOBamoHHoU Poccun Ha 2009-2013 rogsn».

Orcne:xxnBaHMe NMOJABMKHBIX HA3eMHBIX 1edeil ¢ 6opTa BIIJIA
Kaz6exos b.B.
MAMU, r. MockBa

3amava OTCIIe)KMBaHUS MMOJBIKHBIX Ha3eMHBIX meneir ¢ 6opra BIUJIA mo
aHaM3y BUIEOIIOTOKA MOXKET OBITh COPMYIHPOBAHA CIEAYIOIIMM 00pa3oM:
B KauecTBE HAYaJIbHBIX JAHHBIX 33JaeTCs BHICOM300paKeHUE, CHATOE C
6opra BITJIA. Heobxoaumo ompeaeanTh MOIBHKHBIE OOBEKTHI, IPOU3BECTU
3axBaT HaJIEHHBIX OOBEKTOB, a TAaKXKe IPOU3BECTH pacyeT TPAeKTOPUHU HX
JIBIDKEHUSI.

Pemenne naHHOW 3a/auM OCHOBAaHO HAa KOMIICHCALIMH JIBHIKCHHUSI CaMOTO
BHACOJATYNKA, ITyTEM aHalM3a TOYEYHBIX OCOOCHHOCTEW M300paKeHui.
HeobxomuMo Taxke ydYMTHIBATH BIMSHHE OJHOTO WM  HECKOJBKUX
NCKaKAIOMMX (PakTOpOB: TpYIIOBBIE IIOMEXH IPOM3BONBLHONH (opMBI 1
pa3Mepa, MOBOPOT HMJIM CABUT, HENMHEWHOE M3MEHEHHUE SIPKOCTHU, N3MCHEHHE
paspemieHus  WIM  W3MEHEHHWe  MaciuTaba,  KaJpUpOBaHWE  WIH
JeKaJpUpOBaHHe, 36pKAIbHOE 0TOOpaXKEHHE.

B pabore paccMOTpeH METOM aHajK3a BUIACOU300PAKCHHS, COCTOSINNN U3
CJIE/TyFOIIUX ATAIOB:

[epBeiii dTanm — 00paboTKa MEPBUYHOIO H300paYKEHWUS, MO3BOJISIOIIAS
TIOBBICUTH BU3yaIbHOE KauecTBO 00pabaThIBAEMOTr0 H300paKEeHUsL.

Bropoii aTan — onpeneneHre 1 yu9eT MeXKaapoBOro CABUTA N300paKEHHH.
Ha panHOM »5Tame mNpOMCXOAWT BBIYHMCIEHHE TOYEYHBIX OCOOCHHOCTEH
n3obpaxenus  anropurmMoMm  SIFT.  IlpomsBomurcst  comocTaBieHHe
n300pakeHWH, IyTeM CpPaBHEHUS KOOPAMHAT HAWJEHHBIX TOYEK Ha
n300pakeHHX. Brpramcnsiercss cpemHMi BEKTOp CMEIICHHS OIHOTO Kazapa
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OTHOCUTECJIIBHO JpPYyTroro. Brruncnsercs 3HaueHue cABUTa W TIPOBOAUTCA
COBMeII[eHNE N300paKeHHA, MOJyYeHHBIX Ha COCEIHUX KaJpax.

Tpertnii oTan — BBIYMCIICHNE PAa3HOCTH, T.€. BRIUUTAHHUE U3 TEKYIIEro Kajpa,
KajJjpa TPeIbIAYIIero, YTO IO3BOJISIET ONPENeNIUTh 00JacTH, COAepIKallue
TTOJIBYKHBIE OOBEKTHI.

UYeTBepThIif 3Talm — MPOM3BOAMTCS IOMCK TPAaHHIl HANICHHOTO OOBEKTa,
BBIJICNICHAE TPYIMBI CBS3aHHBIX MHUKCeNeH, Kak EJUHOr0 OOBEeKTa W
BBICTaBJICHHE CTpoOa BOKPYI TpYIMBl IHKCENEH, IpHUHAUIeKAIINX
00HapyKeHHOMY OOBEKTY.

IIareii  sTam,  3aKIIOYUTENBHBII  —  ONpEAENIEHWE  [apamMeTpoB
oOHapyxeHHOTO oOBekTa. Ilo maHHBIM O TMepeMemeHHH OOHAPY>KEHHOTO
00beKTa BBIYMCISIETCSI €r0 CPeIHssi CKOPOCTh M CTPOUTCS TPAaeKTOPHs
JBYKCHUA.

PesynpraTaMm  JaHHOW paboOTBHl  SIBISIETCSl MOCTPOCHHE —alroOpHTMa
OTCIIC)KMBAHUSl TIOABW)KHBIX HA3eMHBIX IleJel, Ha OCHOBE BBIYHCIICHHS
TOYEYHBIX OCOOEHHOCTEH W300pakeHHs, YCTOMYMBOTO K OOJIBIIMHCTBY
TIePEYNCIICHHBIX TIOMEX.

Pa3pa6oTka aJropuTMOB THATHOCTHKH GOPTOBOI CHCTEMBbI YIIPABJICHUS
KOCMHUYeCKHM anmnapaToM Ha 0a3e NPUHIMIA peKoH(purypanuu ¢
NpUMeHeHHeM aJaNTHBHOM JOTHKH
3aBeaeeB A.U., Kosanés A.1O.

MAMW, r. MockBa

B nmocnemnHee BpeMs 0oJbllIoe BHHMAaHHE yIENIeTCs pa3paboTke
BBICOKOHAIEKHBIX OOpTOBBIX cucteM ympaeieHus (BCY) mepcrneKkTHBHBIMU
kocmuueckumu  ammapatamu  (KA). PemieHuto mpoOieMbl  TOBBIICHHS
oTkazoycroiiunBoctd  BCY  mocBsiieHsl  Hay4yHble  HCCIEIOBaHUS,
TIPOBOIUMBIC Ha kadenpe “CucremMsbl aBTOMATHYECKOTO u
HMHTEJUIEKTyaJIbHOTO ynpasiaenus” MAU.

B nensx uckiroYeHns WIK CHIDKEHUs BIMSHUS 0TKa30B BCY HeoOxomumo
0o0ecrieuynTh HENpPepHIBHBIA KOHTPOJIh HaJ UX (YyHKIMOHHPOBAHUEM.
AKTyampHBIM W BaXHBIM TIpH  pa3pabOTKe TEOPHH W  METOJOB
MPOEKTHUPOBAHMS CHUCTEM IIOBBIIICHHOW JKUBYYECTH IPENCTaBISAETCA
NpUMEHECHUE TIPUHITAIIA PEKOH(UTYypanuu.

[Tpu paszpaborke HangexkHO# oTkazoycroiunBoii BCY KA kpaiiHe BaxkHO,
YTOOBI W3MEHEHUS UHAMHYECKUX XapaKTEPUCTHK HEMEJIJICHHO
(bUKCUPOBAUCH U JUATHOCTHPOBAJIKCE C IeNbi0 pekoHpuryparwu bCY u eé
ajjanTalnydd K 3TUM u3MeHeHusiM. Cuctema KOHTPOJISl MpelHa3HayeHa ISt
oOHapy>KeHUsI TOBPEXKIICHUS U €ro yCTpaHeHus. B 3amave MarHOCTHUKH IS
PEKOH(UTYpallM CHCTEMBI OTHOCHUTEIHHO HEHUCHPAaBHOCTH HEOOXOIMMO
AMETh MaTEeMaTHIECKYIO MOJETh U OCYIIECTBIATH €€ MICHTU()UKAITIIO.
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B Hacrosiimee BpeMs NPUMEHSIOT TpyOble METOIbI JUArHOCTHKU C
UCIIONIb30BaHUEM NPOCTPAHCTBA MapaMeTpoB. boibiioe 3HaueHHE B JaHHOM
mpouecce uMeer cnocod GopmupoBaHus paszHoctHoro curnana (OPC).
[pennoxenst npouenypst ®PC ¢ momolpio mepenaToyHblx (QYHKIUH U C
MIPUMEHEHHEM H30BITOYHBIX CHTHAIOB. BaKHBIM MOMEHTOM JMArHOCTHKH
JUISL YCTAHOBJICHUS TTOBPEKAEHHWS M €ro HCKIIOUCHHS SBIETCS IPOCTOTA
anropurma OPC.

B mensix MCKIIOYeHNS WM CHI)KEHUS BIMSIHUSL OTKA30B M3MEPUTEIBHBIX U
HCIIOJIHUTENIFHBIX YCTPOMCTB Ha pPabOTOCIOCOOHOCTH CHUCTEMBI B LIEJIOM
HE00X0AUMO obecreunTh HEeNPepHIBHBIN KOHTPOJIb 3a ux
¢yaknnornpoBanueM. OTHAM H3 BO3MOXHBIX CIIOCOOOB ITOAEPKAHUS
paboTOCIIOCOOHOCTH  CHUCTEM  SIBIISIETCS  KOMIUIEKC Mep, MOJTYyYHBILUMA
Ha3BaHWE  PEKOH(UTypaluu. BaxubiM MOMEHTOM MOCTPOSHHS
PEKOHGUTYPUPYEMBIX ~ CHCTEM  SIBIISIETCS ~ NPUMEHEHHE  IMPUHIMIA
(YHKIIMOHATBHOW ¥ aHAJMTHUYECKOH H30BITOYHOCTH M IOCTPOEHHE Ha HX
OCHOBE PE3EPBHBIX KOHTYPOB YITPaBICHHS.

[Mpennaraemslii aBTOpamMy MOAXOJ K pa3paboTKe (QyHKIMOHAIBLHOTO
nporpammuoro obecriedenus (I10) ¢ BO3MOXHOCTBIO alalTalliy K yCIOBHSIM
paboter KA B mosére mo3BOJISIET CYHIECTBEHHO IOBBICHTH JKHUBY4ecTh KA.
PazpaboTanHble anropuTMbI AUATHOCTHKH peain3oBaHbl B coctaBe [10 BCY
KA u ycnemHo nponuin J€THO-KOHCTPYKTOPCKHUE HCIIBITAHHUS Ha CBS3HOM
KA 3Bxcnpecc-M/[1. B HacTosimee BpeMst MpoaobKaeTcs pa3paboTka CHCTeM
KOHTPOJIs ¥ AuarHocTuku 1t KA HayuHoro HasHaueHHs cepuu CHexTp.

BopToBbie NpoBoAa 17151 aBHALINH, BbINyCKaeMble H pa3padaTbiBaeMble
0AO «3aBoa «HyBamkadesab»
Kyros A.E.
3aBon «Yysammkabensy», T. Yebokcapsr

Hcropust mpon3BoACTBa IPOBOMOB Ul aBHAIMM M KOCMOCAa Ha 3aBOJE
«UyBamkabenb» HacumtbiBaeT Oonee 30 mer. B  Hacrosmee Bpems
HOMEHKJIaTypa IIPOBOOB, MPEAHA3HAYEHHBIX AT IPUMEHEHUSI B aBUALUU U
PaKeTHO-KOCMHIYECKON TEXHHUKH, HacyUThIBaeT 6oee 800 MmapkopazMepoB.

[IpoBona st aBuaIyy (CEPHITHO BBITYCKAEMBIE)

ITpoBona GoproBbie obnerdenHsie Mapku BUOM, BUOMD, BUDOMD3,
BU®M-H, BUDOMD-H, BUOMDI3-H, BUDM6Gp, BUDPMDI6p, BUDOMI36p
(TY 16-505.945-76 mpuemka ATII, «5»). IIpoBoma c¢ rubkoit xuiaoit u3
rocepeOpeHHOM, HUKEITMPOBAHHOW MPOBOJIOKK M W3 MPOBOJIOKH U3 CILUIaBa
BpXIpK, wuzommpoBaHHble NOJIMUMUAHO(TOPOIIACTOBEIMU IUIEHKAMU C
YMEHBUIEHHOW TOJIUHOM.

[IpoBoma OGOpTOBBIE OONYyYEHHBIE C JBYXCIOHHON W3ONAIMEH MapKh
BITAO. (TY 16-505.941-76 npuemka ATIL, ¢ 1.01.12 roma «5»). [IpoBoxa
TIpeAHA3HAYCHBI ULt (UKCHPOBAHHOTO BHYTPHUIPHOOPHOTO "
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MEXIIPUOOPHOTO MOHTaXa 3JIEKTPUUECKUX YCTPOMCTB M BBIBOJHBIX KOHIIOB
OOpTOBOH 3JIEKTpoANIapaTypbl aBUAIIHOHHOW TEXHUKH.

1.3 IIpoBosma MOHTaXHbIE TEMJIOCTOWKHE C WM30JSLMEH U3 MOIMITHICHA
mapku MIIO (TY 16-505.339-79 mpuemka ATII, ¢ 1.01.12 roma «5»).
[IpoBoma mnpenHa3HaueHb! Ui (UKCHPOBAHHOTO BHYTPHIIPUOOPHOTO W
MEXIPHOOPHOTO MOHTaXa HIIEKTPHUECKUX YCTPOHUCTB.

[IpoBona st aBuaryv (HOBEIE Pa3pabOTKH)

ITpoBoma OGopToBEIe aHajOrWYHBIE TpoBomaMm Tuma Spec 55. IIpoBox
6oprosoit mapku bC 35-1298 TV 16.K05-043-2011 co cmmToii ABYXCIOWHON
M30JSIIMEeH TIpeqHa3HauyeH s BHYTPEHHETO MOHTaXKa d3JIEKTPUUIECKUX
MprOOpPOB W PaIMOAICKTPOHHOM ammapatypsl W pabOThl MPH HANPSKEHUH
600 B mepemennoro toka yactotsl 10 2000 ' u Temmneparype ot MmuHyc 60
Jo moc 155 °C.

IIpoBoma OGOpTOBBIE, COOTBETCTByIOIME cTaHmapty EN  2267-009.
VYcnosras mapka  BII  36-1499. IlpoBoma  mpemHasHa4deHbl  JUId
(PMKCHPOBaHHOTO MOHTa)Ka OOPTOBOW SKIIEKTHYECKO CETH aBHAI[MIOHHOW
TEXHUKH ¥ PaGOThI IIPU TeMIepaType oT Munyc 55 10 260 °C.

OKP «Huxens» 1 OKP «I'enmkonrep» - paspaboTka mpoBoia O0PTOBOTO C
JBYXCIIOWHOW M30JIAIMeH ¢ o0erdeHHoH x)umoi. Y ciaoBHas mapka BCO 45-
44. TIpoBom OOPTOBOW € NMBYXCIIOHHON HM30JIAIMEN ¢ OOJIETYCHHOW >KHUIIOH
(HMKeTMpOBaHHAS  TIPOBOJIOKA W3  allOMHHHEBoro cmiaBa 01417)
npexHa3HadeH st padotsl npu Hanpsokernd 10 1000 B gactotsr go 6000 I'g
WK noctostHHOM HanpspkeHuu a0 1400 B u temneparype ot munyc 60 1o
wtoc 155 °C.

OnTumMu3anus CTPYKTYpbl ABUALIHOHHOT0 0OPTOBOIO
3JeKTPHU(PUIIPOBAHHOI0 KOMILIEKCA MOCPECTBOM peKynepanuu
3JIeKTPUYeCKOI JHEPTUH B CeTh M0 KPUTEPHI0 MUHUMM3AMHU
sHepro3atpat (McciienoBanue nepexoaHbIx NpoLeccos B
KOMMYTHPYOIINX, YIPABJIAIOIIHUX H IPeodpa3oBaTe/bHBIX
ycTpoiicTBax)

Jlammun B.IO.

MI'TY I'A, r. MockBa

IIpumenenreM pekynepauuu 3JEKTPUYECKOM OSHEpruu B CETh, B
AaBHAIIMOHHBIX  OOpPTOBBIX  KOMIUIEKcaxX, obOecreduBaroniye Oosibliee
ObICTponEiiCTBE TI0  CPaBHEHHUIO C  TUAPONPHBOJAOM,  IPHMEHSs
OECKOHTAKTHBIE DJIEKTPUYECKHE MAIIMHBl C MOCTOSHHBIMH MAarHUTaMH,
CHJIOBBIX TPAH3UCTOPHBIX KITIOUEH, 00ECIIeYnBalOINX YBEIHMUCHUE YACIbHON
MOIITHOCTH, MBI JienaeM OOJNBIION IIar K mNepexoqy Ha eINHYI0 CHCTEMY
JIEKTPOCHA0KEHHS CaMoJIeTa.

[Ipeamonaraemast paboTa COCTOMT B Ppa3BUTHM TEOPHHM pacdeTa H
MIPOEKTUPOBAHUS CUCTEM yIpaBJIeHUS c HMMITYJIbCHBIMH

234



HOJIYTIPOBOTHUKOBBIMH TTPe00pa30BaTeNsIMH ITPUMEHUTEIBHO K OOPTOBBIM
3JIEKTPOIIPUBOJAM IIOCTOSSHHOIO UM IIEPEMEHHOIO0 TOKAa U HCTOYHUKAM TOKa
MIPOTPaMMHUPYEMOH (HOPMBIL.

[IporpaMmmHOe MOIENUPOBAaHHE CHCTEMBI CIEASIIET0 AJIEKTPONPUBOJA
3aKpPBUIKOB;  YIPaBISIIOIIMX W NPeoOpa3oBaTeNIbHBIX ~ YCTPOWCTB €
peKynepauuei 3Hepruu B CETh, PACCMOTPEHUE AJTOPUTMOB B3aUMOAECUCTBUS
KOMIIOHEHTOB U COCTaBJISIIOLUINX CUCTEMBI.

TexHOJIOTUSI ABTOMATH3ALlUM CTPYKTYPHO-NAPAMETPUYECKOI0 CHHTE3a
HA OCHOBE MeT0/1a MOP(}0JI0THYECKOro SAIMIKa
Jlenéxun A.B.
MAMW, r. MockBa

CTpyKTypHO-TIapaMETPUIECKUI CHUHTE3 SIBJISETCS OJHOM M3 OCHOBHBIX
MpoLeAyp MpU MPOEKTUPOBAHUU DPA3IUYHBIX YCTPOHCTB M cucteM. Kak
MIPaBUIIO, ATa MPOLEypa U3-3a CIOKHOCTH €€ (hopMaIH3alliK BBIOIHSIETCS
BpyuHyI0. B pabore mpemioixkeHa TEXHOJIIOTHS aBTOMAaTHU3alMU CTPYKTYPHO-
MapaMeTPUIECKOro CHHTE3a Ha OCHOBE METO/a MOP(OIIOTHYECKOTO SIIHKa,
TIO3BOJISIIOIIAS  CYIIECTBEHHO YCKOPHUTH PEATHM3AIMI0 3TOH TpOIEenypbl H
CHHTE3MPOBATh BapHUAHT MMPOEKTUPYEMOTO OOBEKTa, ONMM3KHH K
OINITHMAJIEHOMY.

B pabore cdopMynupoBaH psiA OCHOBHBIX ONEpanyid, BXOIAIINX B
MPOLEAYpPY CTPYKTypHO-TIApaMETPUYECKOTO CHHTE3a W 00pasyloliux B
COBOKYITHOCTH TEXHOJOTHIO 3TOM TpoLenyphl, a Takke [aH aHalu3
0coOeHHOCTeH UX peaan3alyy A1 aBTOMAaTU3UPOBAHHBIX CHCTEM.

HauGonplryro CII0KHOCTH JUIsi aBTOMAaTHU3alli{ BBI3BIBAET HEAOCTATOYHAS
¢yHKIMOHATBHAS oaHOTa MMS Ha 3aBepIIaromnX CTAAUSX — COKpPAIIEHHs
MIPOCTPAaHCTBA IIOMCKa M BHIOOpa JIy4IIEro pelleHus, B CBSA3M C YeM
MoTpeOOBaTIOCH PAaCHIMPHUTH BOZMOXXHOCTH KJIacCHYecKoro merona. K Takum
JOTMOJHEHHUSAM  OTHOCSATCSL ~ CIIOCOO  COKpAaIlleHWs YHCiia  BapHaHTOB
peanu3anuy, 9To0b! y)ke Ha HadallbHOM CTa K CHHTE3a OTOPOCUTD 3aBEIOMO
OecriepcrieKTUBHBIE BapHAHTBL, W CHOCOO BBHIOOpA JIYYIIETO pEIICHUS Ha
ocHOBaHmMW mpexnouyrenuii JIIIP (dwma, mpUHUMArOMET0 pemIeHHe) Mpu
OLICHKE BAXXHOCTH HMHTEPECYIONIMX €ro XapaKTepPUCTHK O00BeKTa. OTH
JOTIOJIHCHUA TMO3BOJIAIOT TOBBICUTH IIPOCKTHBIC BO3MOXHOCTH METOOA
MOP(OIOTHYECKOTr0 SAIUKA IIPH €r0 MOCIeAYIOIeH aBTOMAaTH3ALIH.

OCHOBHBIMH ~ YKPYHHEHHBIMH ~ ONEpaldsSMU  yKa3aHHOM  IPOEKTHOM
MIPOLEAYPBl CUHTE3A SABISIIOTCA CIEAYIONIHE:

INocTpoenne MOP(OIOrUUECKOro SIIHKA.

CoxkpallieHre KOJIM4ecTBa BO3MOXKHBIX pean3anui

Omnpenenenne Jydmei arbTepHATHBEI IO 0000MIEHHOMY KPUTEPHIO.

B pesynprate chopMmynupoBaHbl MaTeMaTHUecKHe (opMaTM3Mbl IS
OMUCaHUsT MOP(OJOTHYECKOro sIMKa, MHOoXectBa [lapero, cucTeMsbl
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I00aTBbHBIX OTPaHUYCHHUH U pacuéTa 0000MIEHHBIX KpuTepHeB. [IpemtokeHa
CTPYKTYpa »JKpaHHbIX (OpM [UIs MPEACTAaBICHHS KaXIOro »JTama u
pa3paboTaHa mporpamMmMa, pearn3yromnias OlMMCaHHYI0 TEXHOJIOTHIO.

IpuHIMT PadoTHI BOJHOBOTO JIEKTPONPHBOAA IJIsl AaBHAIHOHHBIX 1
KOCMHYECKHX CHCTEM
Jlo3esaHOBa M.O.
MAM, r. MockBa

BomHOBOWH  3IE€KTPONPHBOA  BBIIONHAETCS HAa OCHOBE  BOJHOBOTO
JIEKTPOJBHUTATENIsl, KOTOPBIH, B CBOIO O4YEpEedb, SABISIETCS OOBEANHEHHUEM
BOJIHOBOM TMepeiayd U 3JIEeKTPOMarHUTHOro npeoOpa3oBarens. BosHa
WHOYKIHUA MAarHuTHOI'O I10JIs1 TCHEPUPYETCA SJICKTPOMArHUTHBIM
npeoOpa3oBaTesieM B paboueM 3a30pe MEXAy CTaTOpOM U POTOPOM
BOJIHOBOTO 3JeKkTpoxaBuratenas. OHa >Xe W CO3/1aeT CHIy MarHUTHOTO
MIPUTSDKEHNS, JEHCTBYIOUIYI0 Ha THOKMH JeOpMHUpYIOMIMICS poTOp,
KOTOPBIH BO3JIEHCTBYET HAa THOKOE KOJIECO BOJIHOBOW Iepeauu ¥ BBOAUT €TO
B 3allelUICHHE C JKECTKUM KojlecoM. Takas CTpyKTypa 3JIeKTPONpPHBOIA
WCKIJIIOYaeT OBICTPOBpAIIAIOIIAECS 3JIEMEHTH Iepefaud M ObICTPOXOIHBIE
TIOJIIUITHAKY, YTO TO3BOJISET YIYUIINTh AMHAMUYECKHE XapaKTEPUCTHKH U
MIOBBICUTh HAAEKHOCTh 3JEKTPONpHBOAA. Tak e CTOWUT 3aMETHTh, YTO
JJIEKTPOMAarHUTHBIN T€HEpaTOp BOJIH BBOJUT THOKOE KOJIECO BOJIHOBOM
Tepeiaun B 3alleTUIEHHE C )KECTKUM KOJIECOM NPAaKTHUECKH 0e33a30pH0. JTO
TOBBIINIACT KHMHEMATHYECKYI0 TOYHOCTh 3yOuaTOi BOJHOBOW Nepefaydn u
npuBoga B uenoM. JlebopMupyONHiics ~ MarHHTONPOBOA  POTOpa
BBINOJIHSIETCST WIM B BUAE TMOKOTO CeplIedHHKa W3 MarHUTONPOBOISIICH
JICHTBI, WIX B BUJE PaJHAIbHO PACIIONOKEHHBIX B CENapaTope IIacTHH.

[lo Tumy BOJHOBBIE JJIEKTPOIBUraTENN JENATCS Ha WHIYKTOPHBIC
(Hammuue SKOPHOW OOMOTKM W OOMOTKH BO30YXICHUS) M pPEaKTHBHBIC
(Hanmmune TONBKO SKOPHOW o0O0MoTKkHM). [IpeMMyImecTBOM peakTHBHBIX
IIEKTPOJBHUTAIEH SIBIISETCS BO3MOXXHOCTh YMEHBIIIEHUSI MacChl M KECTKOCTH
JnedopMupyeMOro MarHMTONIPOBOJA, OJHAKO TAaKOM MpPUBOJ HE oOiazaer
(UKCHPYIOMNM U yISPKUBAOIIAM MOMEHTOM IPH 00ECTOYEHHBIX 0OMOTKaX
U, CIENOBAaTENbHO, TPEOYIOTCS IOMOJHHUTENbHBIC CHENNAIbHBIE yCTPOWCTBA
JIIsL (I)I/IKcaI_II/II/I. HHI[yKTOpHLIe BOJIHOBBIC DJJICKTPOJABHUIATCIIN pPa3BUBAIOT
OOJIBIINIT MOMEHT, UMEIOT JIy4YllIHe YHEPreTUUECKHe MOKa3aTelH, 00IaaaioT
(UKCHPYIOIIMM M YACP)KUBAIOUIMM MOMEHTOM 3a CYET YHHUIIOJISIPHOTO
MO JMarHHYMBaHHSI.

[MpuHnMn  paGoTHl  BOJHOBOTO  3JEKTPONPHBOJAA  3aKIIOYAETCs B
peoOpa3oBaHUM SJIEKTPUYECKOM DJHEPIMM B MEXaHMYECKyI0 3a CUer
CO3JaHUSl  3JEKTPOMATHUTHBIM  TE€HEpaTopoM  PagHaIbHOH  BOJIHBI
negopmanmy  MarHWTONIPOBOAA-pOTOpPa M IEPEMENIEHHEM  BOJIHBI
nedopmanuy Tpu ynpaBlIeHHM MarHUTHBIM TojeM. Takum oOpasoM, mpu
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NPOEKTUPOBAHUM BOJIHOBOTO 3JIEKTPONPHBOJA HEOOXOAWMO ONpeNeliTh
ONTUMAJIbHBIE TTapaMeTpbl MarHUTOIPOBOIA-POTOpa MO THOKOCTH M Macce.
BomHOBBIE  BneKTpoOABHMTATENM O  NPUHOUIY  pabOTHl  SIBIISIOTCS
TUXOXOAHBIMH C OTHOCHUTEIHHO OOJBIIUM BBIXOJHBIM MOMEHTOM. JTO
MO3BOJIIET ~ MPHUMEHATh WX B OE3pEeoyKTOPHOM  PEryJIupyeMOoM
JIEKTPONpHUBOJE. BOIHOBBIE >IEKTPOABHUTATENM MOTYT HCIIONB30BATHCS B
Ka4eCTBE HCIIOJHUTENBHBIX ABHTATeNed B BBICOKOTOUHBIX MO3WIMOHHBIX W
CIIEAAIIAX JEKTPONPHBOIAX, POOOTOTEXHHWKE, CHCTEMaxX YIPaBICHHS
JIETATEIbHBIX aNIapaTOB M KOCMHUYECKUX CHCTEMaX.

I[pumenenne MoAN(PUIIHPOBAHHOT0 METOIA NCKYCCTBEHHBIX HMMYHHBIX
CHCTEM K 32/1a4aM MOMCKA ONTHUMAJIbHOI0 YNIPaBJIeHUs TUCKPEeTHBIMU
AUHAMUYECKUMH CHCTEMAMM
Mertnunkas J1.B.

MAMU, r. MockBa

Meron wuckyccTBeHHBIX HMMMYHHBIX cucteM (MHWC) ortHOcuTes K
METa’BPUCTUYECKIM METOAaM TIOMCKAa W  SBISIETCS  HPEACTaBHUTEIEM
9BOTIONMOHHBIX MeTonoB. Metox MMC ucnons3yer uuew, 3aMMCTBOBAaHHBIE
W3 HWMMYHOJIOTHH, WMHUTHpPYS pabOTy WMMYHHOH CHCTEMBI JKHBOTO
opranmzMa. Meron MNC HaxomuT pemieHHe, KOTOPOE MOXKET HECKOIBKO
OTINYaThCA OT ONTHMAJIBHOTO, HO TPU 3TOM SBISETCS NPHEMIIEMBIM C
MPAaKTHYECKON TOYKM 3peHHs. B OTIuMuMe OT KIAcCHYECKHX METOJOB
ontummsaruy, Metonq WHC MoxXeT NpUMEHAThCS, KOTa MHpaKTHYeCKd
NOJIHOCTBIO ~ OTCYTCTBYeT HMHQOpMAIMs O XapakTepe U CBOMCTBax
nccuexryeMoi QyHKIuH.

B nmanHOii paboTe paccMOTpPEHO TPUMEHEHHE MOIUPHUINPOBAHHOTO
Metogqa HHC moucka YCIOBHOTO TIOOATBHOTO 3KCTpeMyMma K 3ajade
HaXOX/IEHUS ONTHMAIBGHOTO TPOTPAMMHOTO YHPABICHHS IUCKPETHBIMU
JETepMUHUPOBAHHBIMH ~CHUCTeMaMH. [IpeanokeH [AeTadbHBIH alTOPUTM
pemieHnsl MocTaBiIeHHOH 3amaun. Ha ero ocHoBe chopMHpOBaH KOMILIEKC
MIPOTPaMMHBIX CPEACTB, MO3BOJSIOIINN peIIaTh MOCTABICHHYIO 3afady Ul
Pa3NUYHBIX MOJENCH CHUCTEM YIPaBJICHHS U Pa3IWYHBIX (PYHKIMOHAIIOB
kagectBa. Komiuiekc mmeer ymoOHBIH HMHTEpderc, ¢ MOMOIIBI0 KOTOPOTO
MOYKHO JIETKO MEHSTh IapaMeTphl 3a/laud U METO/1a, a TaKXKe aHaJIU3HpOBaTh
3¢ PEKTUBHOCTH pabOTHI METOI.

[Tpu momomm pa3pabOTaHHOTO KOMIUIEKCA PEIIEHO HECKOJIBKO TECTOBBIX
MIPUMEPOB, Ha KOTOPBIX MPOAEMOHCTPUPOBAHO, YTO MPEATI0KEHHBI METOA
M03BOJISIET MOA00PATh MapaMeTphl TaK, YTOOBI MONYYEHHOE MPHOIKEHHOE
pelIeHne ¢ J0CTaTOYHO BBICOKON TOYHOCTBIO COBIAAAJI0 C ONTUMANIBHBIM.

Metog MUC npumeHseTcs K IMUPOKOMY Kpyry IpUKIaJHBIX 3a1ad
MIPOECKTUPOBAHUSI CIIOKHBIX aBHAIIMOHHO-KOCMHYECKUX CHCTEM, B TOM YHCIIE
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K 3aaadyaM TIIOHMCKa OIITHMAaJIbHBIX TpaeKTOpHﬁ JICTATCJIBHBIX allllapaToB
PA3JINYHBIX TUIIOB.

O xoae padoT no pa3padoTke MOLYJASIUHMOHHOTO TPABUMETPHYECKOTO
AaTYnKA
Adonnn A.A., Ky3renos A.C., Oropoxros H.H.
MAM, r. MockBa

B Tewenue mnocnepHero gecaTwieTuss npu  nopuepxkke PODOU  u
Muno6Opuayku PO (Ne 2.1.2/12142 ananutrdeckoif BEIOMCTBEHHON LIEIE€BOI
nporpaMMel «Pa3BuTie HaydHOTO MOTEHIMaNa BhIcmied mrkoinsr (2009-2011
roael)», HK-528I1/58 Il “Hay4nele m Hay4HO-NIeqaroru4eckue Kajpbl
uHHOBaMoHHO#M Poccun Ha 2009-2013 ronmsl” M 1p.) B paMkax pa3paboTku
UH()OPMALMOHHO-U30BITOYHOTO  K3MEpUTeNs Ul pelleHHus  3a1ad
TPaBUMETPHUYECKON CHhEMKH ¢ OoOpTa IOJIBMXKHOTO MallopasMEpHOTO
oJBOAHOTO Hocutelnst Ha kKadenape 305 «MAW» BenyTcs akTHBHBIE pabOTHI
10 MCCIEJOBAHUIO BO3MOXKHOCTH IIOBBIIIEHHS TOYHOCTH  THIIOBBIX
OTEUECTBEHHBIX MasTHHKOBBIX akceiaepoMeTpoB (MA) u cxeM Ha UX OCHOBE.
OCHOBHBIMH TIPEANOCHIIKaMA K BO3MOXKHOCTH peanuzanun
rpaBuMeTprdeckoro gatumka (/) crama BO3MOXXHOCTH IIOBBIIICHHS
TOYHOCTH HM3MEPEHHUs KaXyIIerocss YycKopeHuss MA, cBs3aHHas c
HCIIONIb30BaHUEM AU PEPEHIINATbHO-KOMIIEHCAIIMOHHOTO W MOIYJISAILIOHHO-
JUHAMHYIECKOTO DPEXHMOB H3MEPEHHs], aJrOPUTMOB KOMIUIEKCHPOBAHMS, a
TaK)Ke€ OpPUTHMHAJBHBIX pelIeHHH, Oa3upyromuxcs Ha OecruaropMEeHHBIX
TEXHOJIOTHSIX. B 4YacTHOCTH, OJHMM W3 OCHOBHBIX HAalpaBjieHU padoT
SIBIISIETCSL IOPaOOTKa MOIYJISIIHOHHO-AMHAMUYECKOTO PEKUMa H3MEpEHHs
MA, HONOTHUTENBHO MO3BOJSIONIETO, 10 U3BECTHON YacTOTE BBIHYXIECHHBIX
KoyiebaHull MasTHHWKA, MpUOIIDKAfomIelicsi K COOCTBEHHOW, CyIUTH O
TIPOIOTIBHOM TIPOEKIMU KaxyInerocs: yckopeHus. Ilpm 3TomM mpemmaraercs
PSR AITOPUTMHYECKHX PEIIeHUI 10 ee NeTeKTHPOBAHHIO, KOMIICHCALUH
MOTPEITHOCTH €€ ONpeNeNieHHs, OOYCIOBICHHOH  AeMI(upyronmm
BO3/ICHCTBUEM, Y4YETy BIUSHHS IIEPEMEHHBIX KOMIIOHEHT YCKOPEHHOTO
IBIDKEHUS, a TaK)K€ YMEHBIICHUIO TOTPEITHOCTEH M3-3a BIUSHHUA BHOpAITHii
n mymoB. He MeHblnee BHUMaHME yHEMSIETCS U IPAKTHIECKON
cocraBisonie uccinenoBanuif. Ha 6aze MA tuma AK paspabotku OAO
«MUDA» pazpaboTaH 1 U3rOTOBIEH J1abopaTopHbIid oOpaser I’/ u creny miist
KOMIUIEKCHBIX DKCIEPUMEHTalbHBIX HCcleqoBaHud. Ha naHHOM creHne ¢
WCIIOJIb30BAaHUEM COBPEMEHHOTO METPOJIOTHMYECKOro 00OpYyJOBaHMS C
MIPUMEHEHHEM COBPEMEHHBIX CpeACTB IM(POBOH 0OpPaOOTKM CHUTHAJIOB
0TpabaTHIBAIOTCSl AITOPUTMBI U UCCIIEAYIOTCS TIOTPEUIHOCTH TPH Pa3IMYHBIX
BO3MYIIAOIINX (aKTOpax. AHAIN3UPYIOTCS METPOJIOTHIECKHE OCOOCHHOCTH
MA u cxeM Ha UX OCHOBE. B pamMKax KOMMepIHAIN3aMU MPOEKTA BEIETCS
aKTUBHBIH TOMCK oOmactedt mnpumenenus [J[. Psg  MapkeTHHroBBIX
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UCCJIEJIOBAaHUM [OKa3aj, 4YTO TIOMHMO T'PaBUMETPHYECKOW pa3BelKU
YIJIEBOJOPOAHBIX ~ COCAMHEHUH  CYHIECTBYET  psJ  NEPCHEKTUBHBIX
HalpaBleHUi, B YHCIIE KOTOPBIX DBIHOK JKOJOTHYECKOI0O MOHHTOPHHIA
TIPUPOTHO-TEXHOTEHHOHN cephl, MO3BOISIOMNKA chopMHUpOBaTh TpeOOBAHMS
K MOOMIBHOMY reodusndeckoMy komruiekcy ¢ '/l B ocHoBe c morpeOHON
TOYHOCTBIO, MAJIBIMH MAacCOTa0apUTHBIMH XapaKTepPUCTUKAMHU M HEBBICOKOI
CTOUMOCTBIO.

Peanu3auus MeT00B 1J1002/1bHONH ONTUMHU3ALMHU, UCTIOJIL3YOIIHX
annapaTr HHTEPBAJIbHOI0 AHAJIU3A
ITanoBckuii B.H.
MAMW, r. MockBa

[Tpu mpoeKTHPOBaHUU KOHCTPYKIMHA COBPEMEHHBIX CaMOJIETOB BO3HHKAET
HEOOXOJMMOCTh ONTHMHU3AIIMM TeX WM WHBIX MapamerpoB. ViMu 0OBIYHO
SIBIISIIOTCSL BEC, JAJBHOCTH IOJIETa, a’3pPOANHAMHYECKHE XapaKTePUCTHKH H
T.11. ONTUMU3UpPYEMBIE MTApaMETpPhl 33al0TCS MPOEKTUPOBIIMKOM HCXOISI U3
HEKOTOPBIX OrpaHHYEHHH, KOTOpbIE TIOSIBISIIOTCS B 3aBUCHMOCTH  OT
(bU3MYECKOil MOCTAHOBKH 33a4i HJIM OTPAaHHYEHHOCTH pecypcoB. PerieHnem
MOCTABIICHHON  3aJayM  sBIAETCS  OOBEKT, MAaKCUMAaJbHO  TOYHO
COOTBETCTBYIOILMH MpPENbIBICHHEIM TPEOOBAHHEM — 3TO M IIOKa3bIBaeT
BaXHOCTH pa3zpaboTku 3¢h(heKTHBHOrO MeToa ONTUMH3aunH. Llenpio qanHoM
paboTel  ABIANOCH co3maHMEe A(PQPEKTHBHOTO aNropuTMa III00aTBHOM
OTITUMU3AIIHH, UCTIOJIB3YIOMIETO allapaT HHTEPBAJIbLHOTO aHaIn3a.

Bo BpEMs HUCCICA0OBAaHUA BO3MOXXHOCTHU MIPUMEHCHUA armapara
WHTEPBAIGHOIO aHannW3a OBUIM BBISABIEHB M BIIOCIEJACTBUM PELICHBI
OCHOBHBIE TPOOJIEMBI, 3aTPyAHSIOMIME pa3paboTKy anropuTMmoB. llepsas
npoOiiema 3aKiroyasach B TOM, YTO WHTEPBAIBHBIA aHaIM3 paboTaer He ¢
BCIECTBEHHBIMU HJIM KOMILUIEKCHBIMH YHCIIAMH, a C COBEPIICHHO IPYTHMH
CTPYKTypaM¥ — BeIIECTBEHHBIMH HHTepBasiaMu. [loaToMy Heo6X0auMO ObLIa
3aHOBO IIEPEONPECIHTh BCE ONEPALlH dIIEMEHTapHOU aireOpsl H pa3o0path,
KaKk M3MEHWINCh OCHOBHBIE onepanuu. Bropas mpobiema 3akioyaercs B
COCTaBJICHUH (YHKIUHM BKIIOYEHHS — IOHATHH, KOTOPOE COIOCTaBILAETCS
BellecTBeHHOW (QyHKunu. [Ipy HENpaBUIBHOM COCTaBICHHHM (YHKIUH
BKJIFOUEHHUS! QITOPUTMY TPHUXOAUTCS 00padareiBaTh OOJBLIOE  YHUCIIO
3Ha4YeHHUH, KOTOpbIe (PaKTUUECKH HE JOCTUTAIOTCS (DYHKIHEH.

Pemrenre nBYX YIMOMSHYTBIX BbIIIE MPOOJIEM MO3BOJIMIIO CO3JaTh JBA
IrOpUTMa rII00aTBHOM ONTHMHU3AINY:

JIUXOTOMHH MPSIMOTO 00pasa

OTCEYKH MHUMBIX 3HaYEHHH.

PesynpraTom BBITIOJTHEHHO paboThI SIBIISTIOTCS co3zaHue
QTOPUTMUYECKOTO W TPOrPAMMHOTO  OOECIICUCHUs] HOBBIX METOJIOB
rI00ABFHOM ONTHMH3AIMU: JUXOTOMHH TPSIMOTO 00pa3a M OTCEYKH MHHMBIX
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3HauyeHud. Pa3paOoTaHHbIE METOIBI OBUIM TPOTECTUPOBaHBI Ha TECTOBBIX
CTaH/JapTHBIX 3a/la4yaX YCJIOBHOW TIJ00aJIbHOW ONTHMH3aUUKM (DYHKLUH,
00J1a1alomnX Kak MPOCTOM, TaK M CIIOYKHOM CTPYKTypol JMHUH ypoBHS. Bo
BCEX CIy4asX OTBET ObUI HailijieH C 3a/JlaHHOW TOYHOCTb W 3a MpPUEMIIEMOE
BpeMs, YTO TOATBEPKJA€T BO3MOXKHOCTh HCIIOJIb30BaHMS — ammapara
WHTEPBATGHOTO aHaNMM3a. TakuM 00pa3oM, TMOMyYEeHHBIE pPEe3yJIbTaThl
MO3BOJIIIOT ~ HAJESIThCs HAa  yCHEHNIHOE IPHMEHEHHe  METOH  IpH
MIPOEKTUPOBAHNN KOHCTPYKIMH JI€TATENbHBIX ammapaToB. B nampHelmem
IUTAaHUPYETCS YIIyUIIUTh pa3pab0oTaHHbIE METOIbI, CO31aB HOBBIE aTOPHUTMBI
MOCTpoeHN (PyHKUIMI BKIIOYEHHS, W Pa3paboTaTh HOBBIC, MCIONB3YIOLIHE
OJHOBPEMEHHO  amnmapaTrbl  HMHTEPBAIBHOIO  aHamW3a W JApPYTHX
MaTeMaTHYECKUX AUCLUILIHH.

HccnenoBanne MeTo10B 1 pa3paboTka aJIrOpPUTMOB 00padoTKH
BUAeoMHGOpMaNMH B 3aa4ax JoKajau3anuu nosoxenuss BJIA Ha ocHoBe
pacno3HaBaHus N300pakKeHNii MPH MoMexXaxX H HCKAMKeHUsIX
Iypros U.C., Cunua JI.I1.

MAM, r. MockBa

OnpHoil M3 aKTyaJbHBIX 3a/Jad COBPEMEHHON HaBUTAllMM SIBISIETCS
obecrieyeHre aBTOHOMHOW BBICOKOTOYHOW HAaBHTAllMH  OECIMIOTHBIX
netarenbHbIX ammapatoB (BJIA) B CIIOKHBIX MMOTOTHBIX U CE30HHBIX YCIOBHIX
HajJ pa3muyHbBIME JaHmmadramu. [Ipy 3TOM BBICOKOTOYHOE OIpENeIICHHE
KOOPJAMHAT CBOET0 MECTOMOJOXEHHUS TOJDKHO OCYIIECTBISATHCS B pealbHOM
Macmtabe BpeMeHH. Taxke BechbMa aKTyaJbHOM SBIISETCS 3ajada
HCCIEeIOBaHUSl BO3MOXKHOCTEN pa3zHoce30HHON HaBuranuu BJIA Ha ocHOBe
CTaH/IapTHOTO Habopa n300pakKeHHH OTHOCSIIUXCS K KaKOMY-TH0O OJHOMY
CE30HY U C YYETOM BO3MOXHBIX TOMEX U MCKaKCHUH.

OO0BEKTOM HCCIICOBAHUS B 3TOW paboTe SBISIETCS MPOLECC JIOKATH3AIIH
monokeHnss BJIA Ha OCHOBE CpaBHEHHS TEKYIIETro H300pakKeHHUs, CHATOTO
OopTOBOM KaMepoll C W300paXCHUSIMH MECTHOCTH, 3aJI0)KCHHBIMH B
O60opTOBYIO 0Oa3y TaHHBIX.

Hens paboTbr — pa3paboTKa METONOB M aJTOPUTMOB IS JIOKAJTHU3AINH
nonoxenuss bBJIA Ha  OCHOBE  3alllyMJICHHBIX, HCKAKEHHBIX U
Pa3HOBPEMEHHBIX CHUMKOB HO)ICTHHaIOHleﬁ IMOBEPXHOCTH.

B xone paboThl IpoBeieH aHaJ U3 COBPEMEHHOTO COCTOSIHUSL M TEHIICHLIUH
pasBUTHUA METOAOB U AJTOPUTMOB aHaIM3a W OLCHKHM BUIACOJAHHBIX JIA
pelieHus 3a1a4 pacro3HaBaHus. [IpoaHanu3upoBaHbl U3BECTHBIE AITOPUTMBL,
MO3BOJISIIOIINE PACIIO3HABATh M BBHIOMPATh M3 0a3bl NaHHBIX H300pakKeHHH
Haubosiee MOXO0XHE Ha IPEIbSBICHHOE, PEaH30BaHbl HOBBIE AJITOPHUTMBI,
MO3BOJIIOMIAE  TMOBBICHTH  A(()EKTUBHOCTH  OTHCTBHBIX  OMCpAIHid
TEXHOJIOTHYECKOTO IMKJIAa OOpabOTKM W WHTEepIpeTalud H300paKeHUH.
Paspabotanel  MakeThl ~ OTAETBHBIX  HporpaMMHBIX  cpenctB. C
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HCIIOJIb30BAHUEM pa3pa60TaHme MAakK€TOB IPOrpaMMHBLIX KOMIIJICKCOB
IMPpOBEACHBI HCCJICAOBAHUA Ha MHOXCCTBC H306pa)I(GHPIﬁ n ONpCaACIICHBI
BEPOATHOCTHBLIC 1 BDEMCHHBIC XapAKTECPUCTUKHU pa3pa60TaHHI>1x AJITOPUTMOB.

IIpuMeHeHMe KATHOTO ATANITHBHOTO METOA CJYYATHOT0 MOHUCKA
TJ1002JILHOTO IKCTPEMYMA K 3a/1a4e ONTHMATBHOTO YIPABJIeHUS
TUCKPETHBIMH CHCTEMAMH
ITanTtenees A.B., Pasannesa O.B.

MAMWU, r. MockBa

XapakTepHoi 0COOEHHOCTBIO pelieHus aKTyaJIbHBIX 3a1ay
NPOEKTUPOBAHMS CJIOKHBIX a’POKOCMHUYECKHX CHCTEM SIBJISETCS LIMPOKOE
UCIIONIb30BaHHE METAdBPUCTHYECKUX METOJOB TJI00aNbHONH ONTUMH3AIIH,
IMO3BOJIAOIIUX MMOJYYUTH HpI/I6J'[I/I)KeHI/Ie K OKCTPEMYMY «BBICOKOI'O Ka4€CTBa»
3a IpueMiIeMoe (C MPaKTUIECKOH TOYKH 3PEHUS) BPEMsL.

B pabore paccMOTpeHO NpPHUMEHEHHE >KaJHOTO aJalTHBHOTO MeToAa
CIly4allHOTO TIOWCKa TIJIO0AJIbHOTO OJKCTpEMyMa K 3ajadyaM HaXOXXICHHs
ONTHMAJBHOTO  YNpaBiICHHS  JHCKPETHBIMH  JETCPMHUHUPOBAaHHBIMH
CHCTEMaMH.

CaM MeTOJ| MCHONB3YyeT HICK MYJBTHCTapTa, TO €CTh MHOTOKPAaTHOTO
MOMCKa pEIIeHWs, TOe Kaxnas uTepanus BKIodaeT aBe ¢asbl:  da3sy
KOHCTpyHpoBaHHsI W (a3y mokampHOro momcka. IlepBas ¢aza (dasa
KOHCTPYHPOBaHMS) co4eTaeT B cebe «KaIHOCTB» M ClydaiHocTs. B
pe3yibTaTe Heé MOPOXKAAIOTCS PEIICHHUS «XOPOIIETo KayecTBa», U3 KOTOPBIX
Ha4yMHaeTcs BTopasd (paza — JIOKAIBHOTO MOUCKA. 3aTeM MOJIyYeHHBIE TOYKH
OepyTcss B KadecTBe HayalbHBIX JUIs TIepBod (asel W mpoueaypa
nponoipkaercsi. Hawnmydmiee W3 HalIEHHBIX pEIICHWH NPHHUMAeTCS 3a
MpUOIMKEHHOE pellIeHne MTOCTaBJICHHOH 3a1auH.

Jns penieHHss AWUCKPETHOH 3agayd HEOOXOAWMO HATH ONTHMAIBHOE
yIpaBIieHWE H, CIEIOBAaTeNIbHO, ONTHMAaJbHYI Tpaekroputo. [ms 3toro
paccMaTpHBaeTCs OJIOYHBIN CTONOEN, COCTOSIIMI M3 3HAYCHUH KOOpAWHAT
BEKTOpa YyIpaBleHHS Ha KaxmaoM mare. J[nd BBIYHCICHHS KpHUTEpHs,
COOTBETCTBYIOILIETO 3TOMY CTOJOIy CHayaia HINETCS TPACKTOPHS CHUCTEMBI
W3 ypaBHEHHUS COCTOSIHUS C H3BECTHBIMH 3HAYECHHWSMH YIIPaBICHHUS,
COZIepIKaIlUMHUCST B CTOJIOLlE, M 3aJlaHHBIM HadalbHBIM yciioBueM. [laiee
BBIYMCIISIETCS 3HAUeHHWE Kputepus. TakuM oOpa3oM, OJIOYHBIH cTONIOEI]
AQHAJIOTMYEH TOYKE B MHOXECTBE JOIYCTUMBIX PEIICHUH, a KpUTEepui,
COOTBETCTBYIOIINI eMy, — 11eJeBOH (YHKIMH, MUHUMYM KOTOPOH HIIETCS C
TTOMOIIBIO XKaJHOTO aAaNTHBHOTO METOJa CIIy4alHOTro MOMCKA TII00aIbHOTO
JKCTpeMyMa.

Jl1s peanu3aly OIHMCAaHHOTO MeToxa Oblla pa3paboTaHa mporpaMma, B
KOTOPOii pea30BaHbl CICAYIONIAE BO3MOXKHOCTH: BBOJ ITAPaMETPOB 3a/1a4H;
BBOJ IapaMeTPOB MeETOJa; pelIeHHe MOCTaBJICHHOH 3amauyd; TaONUYHOE H
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rpaduueckoe NMpeACTaBICHHUE PE3yIbTaTOB PELIeHHs; MPOCMOTP IIPOTOKOJA
peleHus;; mpocMoTp cnpaBoyHor MH(MopMmaiuu. C ee IOMOIIBI0 PEleHO
HECKOJIBKO TECTOBBIX MPpUMepoB. [loydeHHbIe pe3ysIbTaThl CBUIETEIBCTBYIOT
00 3 PEeKTUBHOCTH NPUMEHEHNUS KAJHOTO aJalTHBHOTO METO/a CITyYaifHOTO
MoWcKa TII00ANFHOTO JKCTpEMyMa K 3ajadaM ONTHMAIBGHOTO YHpPaBIICHHS
JMCKPETHBIMH CHCTEMaMH.

BricTaBka B nmoJiere 6ecrniiaTpopMeHHOI MHEPIUATBHOM
HABHMTAIlHOHHOI CHCTEMBI OT/eJ151eMOr0 annapTa
Cagennes B.M., Bepemeenko K.K.
I'ocHUNAC, MAU, r. Mockga

PaccmarpuBaercss 3ajada HayalbHOM BBICTaBKM B IIpolecce MOJIETa
6ecrutarhOpMeHHON MHeplManbHOW HaBuraiuoHHod cuctembl (BMHC)
otaensiemoro ammapara (OA), 3akpersieHHOTo Ha camonere-Hocutene (CH).
JUis  pemeHust 3TOM 3agaud  UCHONB3YeTCsl CXeMa TaK Ha3bIBaeMoil
TpaHcepHOW BBICTaBKH, B TpOLECCE KOTOPOH OCYIIECTBISETCS Iepeaada
(TpaHcdep) HaBHUranMOHHON MH(OPMALMH OT HABUTAIIMOHHOTO KOMILIEKCA
(HK) CH x wnaBuranumonHoMmy Berauciurento OA. Orta wHbOpMams
HCIIONIB3YETCS B aJITOPUTME BBICTABKH B KaUeCTBE KOPPEKTUPYIOLIEH.

Jis uccnenoBaHUs TOYHOCTH M AJHMTENBHOCTH TPAaHC(EPHOH BBICTABKU
co3maHa Mozens omubok TpexkananpHOH BUHC, wmomens yriioBoro
paccormacoBanus Mexny mimepurensHeiMH ocsivu BUHC OA un HK CH,
MOJIENIb TIO3UIIMOHHBIX, CKOPOCTHBIX W YIJIOMEPHBIX H3MEpeHu#, a s
KOMILIEKCHON 00paboTK MH(OpMAIIUK UCIoNb30BaH (GuibTp Kanmana 24-
Oro MopsiKa.

B Bexrop cocrosiHus cuctembl BKitoueHsl onmOkin BUHC B onpenenenun
KOOpJIMHAT, CKOPOCTEH, YIJIOB OpUEHTAINH, APeH(Bl TUPOCKOIIOB U OIINOKN
akcenepoMeTpoB. Tak Kak BCIIOMOTraTeNbHas YrioMepHas WH(pOpMAIHs
CHJIbHO HCKa)KeHa WM3THOHBIMH KonebaHusimu Koprmyca CH, mcnomb3oBana
MOJENb  YIJIOBOTO  paccOrNacOBaHWS, TJe B3aWMHAs  OpHEHTAIMs
mmepurenbHbix oceit BMHC m HK mo kaxmoit ocu 3amaercss B BUIE
MOCTOSITHHOM W ciydaiiHOH  kommoHeHT. Ciyd4aiiHble  KOMIIOHEHTHI
CMOJICIIMPOBAHBI B BUIe MapKOBCKOTO CIydaifHOTo mporecca 2-0ro mopsaka.
B cBs3u c yyeToM B MOAENTHM IHOCTOSHHOIO YIJIOBOTO PAacCOTIACOBAHUSA U
U3rHOHBIX KOJICOAHMH B BEKTOP COCTOSIHUSI CHCTEMBI K IE€PEUYHCICHHBIM
BBILIIE KOMITIOHEHTaM J100aBJIeHsI eile 9. Bekrop m3mepeHuii npeicTaBieH B
BUZE pa3HOCTH BbIxoaHOW MH(popmanmu BbictaBmsiemoir BUHC u HK CH.
Paccmotpensl 6 Mopeneil u3MepeHui, chOpMHUPOBaHHBIX: 1) MO pa3HOCTH
KOOpIHMHAT;, 2) MO paccOoraCOBaHUIO YTJIOB OpHEHTAIMW; 3) MO pPa3HOCTH
KOOpIMHAT W paccOrJacOBAHUIO YIJIOB OpHEHTauu; 4) M0 pa3HOCTH
KOOPAMHAT W MPOCKINA CKOPOCTEH; 5) M0 pa3sHOCTH MPOESKINA CKOPOCTEH H
paccoriacoBaHUIO YITIOB OPHEHTAIMH; 6) 10 Pa3HOCTH KOOPIMHAT, MPOSKIINH
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CKOpPOCTEHl M paccOorIaCOBaHUIO YIJIOB OpUEHTanuu. [l OlLeHUBaHMA
KOMIIOHEHT BEKTOpa COCTOSIHHS CHCTEMBI IPUMEHEH aJITOPUTM JHUCKPETHOTO
nHeitHoro ¢unbrpa Kanmana, B CBsI3M ¢ YeM ObUIM HaJIOXKEHBI OTPaHUYEHUS
Ha JIMHEIHOCTh MOJIEJIN TUHAMHUKH CUCTEMBI X Ha OEJI0CTh IIyMOB CUCTEMBI 1
HU3MEpeHuil.

Pe3ynbTaThl IpOBEIEHHOTO MaTeMAaTHYECKOTO MOEINPOBAHUS TO3BOJIHIH
clenaTh BBIBOABI O TOYHOCTH M JJIHMTEIHFHOCTH BBICTAaBKH C 00pabOTKON
pa3nuuHBIX HAabOpOB BcroMorarenbHON uH(popmannu. MccnemoBaHus
MOKa3alM, YTO NPUMEHEHHWE  YITIOMEPHOH  KOPPEKUUH  ITOBBIIIACT
HaOII0JaeMOCTh BEKTOpPAa COCTOSIHUSI CHUCTEMBI, 4YTO IIO3BOJIIET JHOO
MIOBBICUTh TOYHOCTH BBICTaBKH, JMOO MPOBECTH BBICTABKY C TOH XKe
TOYHOCTBIO, HO 3a MEHbILIee BpeMs, JHOO IMPOBECTH BBICTABKY IO YIjaMm
OPHEHTALIMH Ha TPAEKTOPHH C OoJiee IIIaBHBIM MaHEBPOM.

HNMuTannonHoe H MOJyHATYPHOE MOAEJHPOBAHUE PAGOTHI
fecniaT)OpMEHHOT0 IPABUMHEPIMAIBHOTO HABUT AIIMOHHOT O
KOMILIEKCA B YCJIOBUSAX KOMIUIEKCHBIX BO3MYIIAIOLINX BO3/1eiCTBHIA
CymnakoB A.C., Adponnn A.A., Cusamos C./I.

MAM, r. MockBa

JloKnan TOCBSMIEH aHadu3y BOINPOCOB pPa3pabOTKH U HCCIEAOBAHUS
VHA(DUIIUPOBAHHOTO  HHTEIDIEKTYaIM3UPOBAaHHOTO  OecIuiaT(hOpMEeHHOTO
rpaBUUHEpIHAaIbHOTO HaBuranuonHoro komiiekca (BI'HK) momgsmkHOTO
o0beKkTa B paMKaX pPa3BUTHS KOHICNIMA MOOHJIBHBIX a3pPOMOPCKUX
BEKTOPHBIX TPaBUMETPUYECKHX U3MepeHuil. [laeTcs aHamuTH4ecKuii o030p
COCTOSIHHMSI ~COBPEMEHHBIX TEXHOJOTMH MOOWJIBHOW TpaBUMETpHUH U
MOOMIIBHBIX TPaBUMETPUYECKUX KOMIUIEKCOB. OO00CHOBBIBAIOTCS
aKTyaldbHOCTh M IepcHekTHBHOCTh co3fgaHus BI'HK  aspomopckoro
IpUMEHEeHHd. [ pa3IidYHBIX BapUaHTOB €ro MCIOJNHEHHS MPUBOIATCA
pa3paboTaHHbBIE CTPYKTYPHBIE CXEMbI, BEIOpPAaHHBIE COCTaBBI, NPEIIOKEHHBIE
(yHKIMOHATBHBIE anropuTMbl. OCHOBHOE BHMMAaHHE B JOKJIAJE YAEIECHO
BOIIpocaM  pa3pabOTKM  METOAWK  MPOBENCHHS  HWMHTAlMOHHOTO U
MIOJTyHaTypPHOT O MOJIENIMPOBAHMUS, CO3J1aHUs HMMUTALUOHHBIX u
MIOTYHATYpPHBIX MoJeneld paboThl KOMIUIEKCAa, HMCCIEHOBAHUS CO3JaHHBIX
MoJiesielt B Pa3NMYHBIX YCIOBUAX 3KCIUTyaTallMM IPU Pa3HBIX peKUMax
JIBIDKEHUS TIO/IBUKHOTO 00bekTa. [IpuBOAsTCS pe3ysapTaThl HMMUTAIIHOHHOTO
MoaenupoBanusi paboTsl BI'HK B ycinoBHSX MHOXKECTBEHHBIX KOMIUIEKCHBIX
BO3MYILAIOIINX BO3/ICHCTBHUII IPH ABMKEHUH OOBEKTa 10 Pa3IMYHBIM BHIAM
TPAaeKTOpUIl C MEePEMEHHBIMU JINHEMHBIMU U YTJIIOBBIMU CKOpPOCTAMH. Takxe
TIPUBOJIATCSL PE3YNbTaThl NOIyHATYpHOrO Mozenuposanust padotst BI'HK B
Ta0OpaTOPHBIX ~ YCIOBHAX Ha  HEMOJBIKHOM  HECTaOMIM3MPOBAaHHOM
ocHoBaHmu. Ilpm sToM HeoOxommmast s (YHKIIMOHMPOBAHUS KOMILIEKCA
nHpOpPMANHS MOCTYMAeT B BBIYHCIUTENBHBIA MOIynh ¢ moxcucreM BIHK,
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YCTAaHOBJICHHBIX Ha OKCIEPUMEHTAJIbHOM CTEHIE: TPEXKOMIIOHEHTHOTO
usMeputens yriaooit ckopoctu TUYC-500 (OOO HIIK «OnToiauHk»),
TPEXKOMIIOHEHTHOTO  MOJYJSILIMOHHOTO  JAMHAMMYECKOTO  IpaBUMETpa,
MIOCTPOEHHOTO Ha 0a3e KBapLEBBIX aKCEeJIePOMETPOB MasiTHUKOBOTO THa AK-
6 (OAO «CeprnyxoBckui 3aBoj «MeTayuTUCT»), IPUEMHHKA CITyTHHKOBOW
HaBuranmoHHoii cucremsl NetRS (Trimble, CIIA), paGoraromero B
muddepennmnansHoM Wi (Ha3oBOoM pexxuMme. B menom mpuBeneHHBIE
pe3yibTaThl HMCCIENOBaHWH KOMIIEKCAa JIEMOHCTPUPYIOT €ro BBICOKHE
TOYHOCTHBIE XapaKTEPUCTHKH MPHU ONPEACICHNN KaKk KOMIIOHEHTOB BEKTOPa
aHOMAJIMU CHJIBI TSDKECTH, TaK M IIapaMeTpPOB HABUTAIMM W OPHEHTAIUH.
Bmecre ¢ TeM NpPOAEMOHCTPUPOBAHBI BO3MOKHOCTH CYIIECTBEHHOTO
noBeimeHus: TounocT BI'HK 3a cuer mpumanus oOBEKTy OMpeeIEHHOTO
peXUMa JIBHKEHHS, a TakKe HEKOTOPHIX MoAuduKanui (yHKIHOHAIBLHOTO
QIropuT™Ma ero padoThl. B 3aKiIOUMTENHHONM YacTH MOKJIAAa IOBEICHBI
MIPOMEXYTOUHbIE UTOTHM B oOnactu pazpabotkn BI'HK n HameueHsl myTn
JMANTBPHEHIMUX — WCCiefoBaHui. Pabora BeIMONHEHA TpuU  (PUHAHCOBOWM
moepkke MuHoOpHaykun P® mo mpoekram 2.1.2/12142 aHanuTH4ecKOM
BEJOMCTBCHHON IeNIeBOM mporpaMMbl «Pa3BuTme HaydyHOTO NOTEHIHANA
Beicmeii mmkomel (2009-2011 rtomer)», HK-52811/58 ®UII «Hayunbie u
Hay4HO-NIeJarOrMueckue Kaapbl HHHOBaUMOHHOM Poccum Ha 2009-2013
TOABI».

MunuMu3aums 000pyA0BaHUs YCTPOHCTBA yIIPABJIeHUS HHTErPaJbHbIM
cHelBbIYUCTHTETEM
Hazapos A.B., Xmapa C.A.
MAMU, r. MockBa

Lenpto nmaHHOM pabOTHI SABISUIOCH pa3padOTKa METOAa MUHUMH3ALUH
anmapaTHbIX  3aTpaT  Ha  peaJu3aldio0  YCTPOMCTBA  YIpaBIICHHS
CTIEL[BBIYHCIINTEIIEM, BBITIOHEHHOTO Ha 0a3e OOJIBIION HHTErPaIbHOW CXEMBI
(BUC). B xawectBe BUC Oymer wuconb30BaThesi 0a30BBI MaTpHIHBINA
KpHcTa/ul. BeiOop ompeneneH MEHBIIMMH BPEMEHHBIMU M MaTepUalbHBIMU
3aTpaTaMd Ha pEAIM3alMi0 OPUTHHAIBHBIX CXEMHBIX pEIIeHHH o
CPaBHEHMIO C MPOrpaMMHPYEMON JIOTUYECKOW HMHTETPAJbHOM CXEeMOM
(IUIMC).MuHMMH3auss ~ IOCTUTAaeTCsl IMyTeM MOpSIMOT0  YMEHbIUICHHUS
KOJIMYECTBA 0a30BBIX JIOTHUECKHUX AJIEMEHTOB, PEATN3YIONIUX YIIPABIISFOLIHNA
aBTOMAT CIEIBBIYHCINTENI. B OCHOBY mpeiyaraeMoro MeToAa IOJOXeHa
uaess W3MEHEHHs  Topsnka  (YHKIMOHMPOBAHUS  BBIYHCIUTEIHHOTO
YCTpOMCTBA.

CyIIHOCTh METO/1a, COCTOUT B IPEABAPUTEILHOM IIOMCKE W BBIJCICHUH
HETIPEPBIBHBIX METOYeK JIOTHYECKHX YCIOBHH B Tpad-cxeme alropuTMa
paboTs! 1(POBOrO BEUUCIUTEIHHOTO ycTpolicTBa. Ha cremyromem stame
TIPOM3BOANTCS pa30MEeHHE caMbIX JJIMHHBIX M3 HUX Ha JIB€ M 0oJiee KOPOTKUX
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HENOYKH, PUYEeM B TOUKY (TOUYKH) pa3pbiBa HCXOMHOM IEMOYKH JOTHUECKUX
ycIoBUM  N0OaBisAeTCS OAHO TPOMEXYTOYHOE COCTOSHHE aBTOMaTa,
SKBUBAJIEHTHOE MO BPEMEHU BBITIOJHEHUIO OJJHOMY XOJIOCTOMY LIUKITY LIIMHBI
MPOEKTUPYEMOT'0 BBIUUCIUTEIBHOTO ycTpoiicTBa. Ha mpakTuke yka3aHHbIE
LIETIOYKHN BCTPEYAIOTCS JOBOJIBHO YacTO, HAIIPUMEpP, B aBTOMATE YIPABIICHUS
nudTaMu, aBTOMATe YIIPABICHHUS OCCIMIOTHBIMHA JICTaTSIIEHBIMH arapaTaMiu
U JOpyruMd TH(QPOBBEIMH yCTPOHCTBAMH, OXHIAIOIAMH CHTHAJIIOB OT
MHOTOYHMCIICHHBIX  JaTYUKOB,  KaXIBIH W3  KOTOPBIX  3aIyCKaeT
COOTBETCBYIOIIUI €My BEIYUCIUTEIEHBIN aJlTOPUTM.

C  TOYKM 3pEHHSA  BEHINOJHAEMOIO  ajJrOPUTMa  HCXOAHBIA |
Pe3yIBTHPYIONINI aBTOMATHI OYAyT SKBHBAJCHTHBI, IOCKOJIBKY Ha OJHU U TE
’K€ BXOJHBIE OCBEJOMUTEIbHBIE CUTHAIBI, TOCTYMAIONINE U3 ONEPAIMOHHOTO
0JI0Ka yCTpPOWCTBa, OHM OYyIyT BhIpaOATHIBATHL TE K€ CaMbIe BBIXOIHBIC
YIPAaBISIONINE CUTHAIBI, TIOCTYMAOIINE B OTIEPAI[IOHHBIN OJIOK.

AHanu3 MONyYCHHBIX B JAaHHOH paboTe pe3ysbTaTOB TO3BOJISIET CIENATh
CJIeIyIOIIHE BBIBOJBIL:

MIPEJUIOKEHHBIN alTOPUTM MHHAMU3AINH O0OpPYIOBAHUS YIIPABIISIONICTO
aBTOMAaTa MO3BOJIIET YMEHBIITUTH CIOXKHOCTH (110 KBaiiHy) peanusyromiei ero
JIOTUYECKOW CXEeMbl B CpeJHEM Ha IATHAANATh TPOIEHTOB HAa OIWUH
BBEJICHHBII Pa3phIB MEMOYKH JIOTHIECKUX YCIOBHH;

mpemaraeMasi MOAM(UKAIMS HE CYIIECTBEHHO BIHSET Ha BpeMsd
BEITIOTHEHUS TpeOyeMBIX OT aBTOMAaTa JACHCTBHMH, 3aMeIUIIsI ero paboTy Ha
OJIMH XOJIOCTOW XOJ IIMHBI, KOTOPBIN Ha 2-3 MOpsIKka MEHbIIE, YeM CpeTHee
BpEMSI BBITTOJTHEHUSI OOBIYHOTO IMKJIA IITUHBL;

CYIIECTBEHHO  yMpOINaeTcs CTPyKTypa ©  yMEHbIIAaeTcs JIMHA
MEKCOEIMHEHUI YIPaBIISIONIEro aBTOMAaTa CIELBBIYUCIUTENS, YTO BEAET K
CHIDKEHHIO 3aHUMAeMOH MM TUTOIAAN Ha 0a30BOM MAaTPUYHOM KpHUCTAJIE.

MeToauKH U CpeACTBA N0 H3MEPEHNI0 1 MUHUMHU3AIUH IINPUHBI 30HbI
CHHXPOHU3AINY YACTOT BCTPEYHBIX BOJH JIa3€PHOI0 rHPOCKONA
3axapos M.A., bopucos M.B., Uepromopckuii A.H.

MAMU, r. MockBa

OmanM w3 Hamboyee CYIIECTBEHHBIX HCTOYHHKOB IIOTPEITHOCTEH
nazepHoro rupockona(JIl)sBisercs Hanuuue 30HBI CHHXPOHHU3AIUU YacTOT
BCTPECYHBIX BOJIH, nopomuaeMoﬁ, B YaCTHOCTH, B3aMMHBbIM O6paTHI)IM
paccesHHEM Ha 3epKajax pe3oHaTopa KoibleBoro yaszepa.llpeanaratorcs ase
METOJMKH HM3MEPEHMsI IIMPUHBI 30HBl CHUHXPOHHU3ALMU YacTOT BCTPEUHBIX
BOJIH. B mepBoil W3 HHUX TpH 3aJalOlUX BUOPAIIMOHHBIX JBHKCHUSAX B
uHpopManmoHHOM KaHaie JI[' ocyImecTBIseTCS ChEM CHTHAla, KOTOPBIHA
MOCTyITaeT Ha MOJACIHPYIONIyI0 TuaTy. B Hell cXeMOTeXHHYeCKH
MOJIeNHUPYETCs YpaBHEHHE Pa3HOCTH (Da3 BCTPEYHBIX BOJH. Ha BBIXOIE IIIaThI
— CHUTHAJI, OTIPECITIONIINA ITMPUHY 30HBI CHHXPOHH3AINH YaCTOT BCTPEIHBIX
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BoJIH.B paMKax BTOpOI71 METOAUKH OCYIIECTBIIACTCA CHEM aMIUIMTYIHBIX
3HA4YEHUH CUTHAJIOB C (OTONPUEMHHKOB KaHalla CHCTEMBI PeryJIHpOBaHMS
nepumerpa. Jlanee OCYIIECTBISETCS €ro KOMIBIOTepHas 00paboTka IIo
COOTBETCTBYIOIIEMY QJITOPUTMY, TakKe OOeCredYHnBaromas BblICICHHE
LIMPUHBI 30HBI CHHXPOHU3AIMU YaCTOT BCTPEUHBIX BOJIH.

W3noxxeHsl pe3ynbTaThl SKCIEPHUMEHTANBHBIX HCCIECAOBAHUN alTOPUTMOB
1o BTOpOH MeToamke c¢ obpabortkoil curHanos ¢ JII' B cpene Mathcad.Otn
pe3ysIbTaThl COBMANAIOT C PE3ydbTaTaMH, MOJXYYEHHBIMH IIPH HM3MEPEHHAX
IIMPUHBl 30HBIl CHHXPOHM3AIMM YacTOT IO KJIACCHYECKOM CXeMe,
OCYILIECTBIISIEMbIX MYTEM OINpENeNeHNsI Mopora dwyBcTBUTENbHOCTH JII'
HEINOCPECTBEHHOM BapHaLUel CKOPOCTH BpAILLEHUS MMOBOPOTHOIO crona. B
IIpeagaraéMoil BTOpPOM METONMKE HU3MEPEHMsI 3aJeHCTBYETCS TOJIbKO
BUOpalMOHHOE JBIDKeHHE pe3oHartopa JI[' B BHOpomojBece, 1 OHa MOXET
OBITh HCIOJIB30BaHA JUIsi OTOPAKOBKH JIa3epHBIX THPOCKOIOB Ha PaHHUX
CTaIMsX MPOMU3BOJICTBA, & TAKXKE IS TACTIOPTH3AIMH TOTOBBIX IIPHOOPOB.

Iloka3aHo Takke, 4TO AN YMEHBIIEHMsI 30HBI CHHXPOHHU3AI[MM 4YacTOT
BcTpeuHblX BoiaH B JIIT  1enecooOpa3HO  OCYHIECTBISITH  YCTAHOBKY
B30ITpeoOpa3oBaTenel Ha TpH 3epKasia, a He Ha J(Ba,KaK IPETyCMOTPEHHO B
«CepUIHBIX KoHCTpyKumsix».[IpoBeneHsr 9KCIIEPUMEHTAIIbHBIE
HCCIIeIOBAHMS, TPAKTUIECKH 000CHOBaBIINE (P PEKTHBHOCTH MpeIaraeMoro
CpPE/CTBa yMEHbIICHHSI INPHUHBI 30HBI CHHXPOHU3AIHH.

Pa3paboTka BOAHOIIEKTPHUECKOr0 JATYNKA U ANIMAPATYPbI A
perucTpanum cJadbix KpaiiHeHU3KOYACTOTHBIX MATHUTHBIX IOJIei
Byonosa M /1., Arees .M., Pei6oun FO.M., lvmrkus I'.T.
MAMU, r. MockBa

B pabore wmznararorcst pe3ynabTaThl pa3paOOTKH M CO3JaHUS IAaTYUKOB
cnadbIx (1oau U eAuHUIBI MTIT) KPalHEHU3KOYACTOTHBIX MAarHUTHBIX TOJIEH,
paboTraromMx Ha HOBOM TPHHIUIE, OTPa0OTKA PErUCTPHPYIOIIEH
annapaTypbl U METOJHMKH U3MEPEHHUs. AKTYalbHOCTh TAKUX HCCIIEIOBAHHI
OTIpE/IeTISIETCSl TeM, YTO HH3KOYACTOTHbIC KOJIEOAHHsS MArHUTHOTO TIOJIs
3eMiin BIUSIOT HA HAJEKHOCTh M Ka4eCTBO paOOThI PaI0 KAHAJIOB Mepeaadn
uHopmanuu. MccnenoBanne BIMSHUS MarHUTHOTO TMOJIS HAa CBOIMCTBA BOJIBI
NPEJICTaBISIET TaKKe Ype3BbIYANHBIM HMHTEpPEC JUIi MarHUTOOHOJIOTHH,
onodu3uky, (GU3MKA BOIBI UIS HUCCICHOBAHHUS BIMSHUS COJHCUHOU
aKTHBHOCTH Ha Owocdepy u Hoochepy 3emum, a Takke Ha
MCUXO(U3UOIOTHYECKOE ~ COCTOSIHHE  ONEpaTOpOB  CIOXKHOHW — TEXHHUKH,
BKJTIOYAsl aBHAMCIIETYEPOB M MIJIOTOB, MOCKOJIBKY HCUXO(PHU3HOIOTHIECKOEe
COCTOSIHHE 4YacTO OIpeAeNsieT HaJeKHOCTh YNPaBICHHUS  CIIOKHBIMU
TEXHUYECKUMH YCTPOWCTBAMH U OE30MaCHOCTh UX IKCILTyaTalliu.

B 0ocHOBe MeTO1a PErUCTpaLUK JIEKHUT OOHAPYIKEHHOE SIBICHUE U3MEHEHHSI
INEKTPO(PU3NIECKIX CBOWCTB BOJBI MO ACHCTBUEM MArHUTHOTO IOJIS.
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HccnenoBanue BIMsSHUA HA BOAY Pa3IMYHBIX (GU3HYECKUX (PAKTOPOB CBS3aHO
CO 3HAYUTENBbHBIMHU JKCIEPUMEHTAIBHBIMU TpynHOcTAMH. IlosTomMy Ha
JaHHOM JTame paboThl BaXKHEHIIeW 3amgadeld sBisieTcss OTpabOTKa
annapaTypbl ¥ METOIUKH W3MEPEHWH Ml JOCTHIKEHHS MOBTOPSEMOCTH U
MOy YEHHS HaJIeKHBIX SKCIIEPUMEHTAIBHBIX TAHHBIX.

Pa3zpaboTanHas ycTaHOBKAa COCTOMT W3 MAarHUTHOW CHCTEMBI, JBYX
BOJIHORJICKTPHUYECKUX JAaTYNKOB M CHCTeMbl cOopa HaHHBIX, 00pabOTKH
nHpOpManuy. MarHuTHas CHCTeMa MPEACTaBiIseT COO0OH  KaTyIIKH
I'expMrounelia, co3garoiiye MOCTOSHHOE M NEPEMEHHOE MarHWTHBIE IO U
COOTBETCTBYIOIIME  WMCTOYHUKH  MNHUTAaHWA.  MarHuTHas  MHAYKIHA
CO3IaBaeMbIX ToJed Moxer BapbupoBaThcst oT 0 mo 3mTm, wacrora
NepeMeHHOro Mo u3MeHsercs B mpenenax oT 0.01Tm mo HecKoIbKHX
KUjorepi.

Perucrpupytomiass ammapaTypa TO3BOJISIET W3MEPSATh OTHOCHTEIbHbIE
W3MEHEHMS JJIEKTPOIPOBOJHOCTH C TOYHOCTBIO JIO COTBIX JOJeH
MHUKPOCHUMEHCA U TeMIIepaTypsl 10 COTBIX JOJeH rpaayca.

OKCIEepUMEHTBl C BOJIOW XapaKTepu3yITcs OOBIYHO KpaiHe IUIOXOii
MTOBTOPSIEMOCTHIO. [103TOMY 3HauMTENBHBIE yCHIINS OBUIM TPEINPHHATHI IS
OTpabOTKM METOAWKM TIPOBEACHHS wW3MepeHHH. B pesymprate Obumn
TIOTy4Y€HBI HaJe)KHbBIE TaHHBIEC O BIMSHAN MarHUTHOTO IIOJIS1 YaCTOTOH OKOJIO
6I'm u 7.5I'm Ha SIEKTPONPOBOAHOCTh W TEMIEpaTypHBIH Ko3(dduiueHt
3JIEKTPONIPOBOAHOCTH BOAbl. Kpome TOro, ompeneneHa 3aBHCHMOCTb
BEJIMUMHBI 3(deKTa OT YacTOThl M WHIYKIWHU TIOCTOSIHHOHW W TIepEeMEHHOMN
COCTABJIAIOLINX MarHUTHOTO TOJIS.

®opMupoBaHUeE 3TATOHHOTO CUTHAIA (UJIbTPA HU3KHUX YACTOT /ISl
OlIeHKHU ObIcTponepeMeHHbIX NapameTpoB CAY I'TY
Konesaro A.Il., Jlamanosa H.I'., Uyraes E.W.
[THUILY, r. Ilepmb

H3MmepeHus 4acTOTBI BpallleHHs pPOTOpPAa BBICOKOTO JaBleHUs (hgp)
CHCTEMBI aBTOMAaTHYECKOTO YTpaBIIEHHUsS Ta30TypOmHHOHN yctaHOBKH (CAY
I'TY) comepxaT BBICOKOYACTOTHBIE IIOMEXH, CYIIECTBEHHO HCKAKAIOIIHE
TIOJIE3HBIA CUTHAI M, CIEAOBATENBHO, YXYAIIAMOUINE €€ KCIUIyaTal[iOHHbIC
xapakrepuctuku. [lostomy B CAY I'TY npenycmorpeHa GpuubTpanus ngy 1
ee MepBOi Mpou3BOAHON. JISWCTBYIONIHI METOA (QHIbTPAIlMM OCHOBAaH Ha
Ma)XOPUPOBAaHUM B CKOJB3AIIEM OKHE IIOCTOSHHOW JUINTENBHOCTH TIO
MUHUMaJIbHOMY 3HAa4€HHUIO.

C nenpio oreHuBaHus 3()(HEKTUBHOCTH MITATHOTO QUIBTPA U YIy4IICHHS
KayecTBa (UIBTpalMM TPOBOIMINCH  HCCJIENOBAaHMS, CBS3aHHBIE C
pa3paboTKOi anbTepHATUBHBIX METOIOB (HIBTPAIMH OBICTPOIIEPEMEHHBIX
nmapamerpoB CAY I'TY. B wactHOCTH, OBUT OCYIIECTBIICH CHHTE3 IIM(POBBIX
(UIBTPOB HA OCHOBE aNEepPHOANYECKHX 3BEHBEB 1-TO M 2-TO MOPSIIKOB,
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(pOBBIX QHIBTPOB C OECKOHEUHO!N MMITYJIbCHON XapaKTEepPUCTUKONW — 3TO
¢bunsTpsl batrepBopra M YebObimesa | u Il poma, undpoBeix (uIbTPOB C
KOHEYHOM MMITYyJIbCHON XapaKTepUCTUKON ¢ okHaMu X>MMUHra, biskmana,
Baptiera, a Taxoke GpriibTpa Ha OCHOBE METOJ1a HAMMEHBIINX KBAJPaTOB.

HccnenoBanus Takoro poja MpPEAIoNiaraloT Haludhe WM pa3paboTKy
KpUTepusi KadecTBa WM O3(QEKTUBHOCTH, IIO3BOJSIONIETO BBIOpATh
ONTHMAIBHBII METOA WIM QITOpUTM. B 1MaHHOM ciydae 3TO BBIOOD
ONITUMAIBHOTO (priIbTpa M3 BCEX CHHTE3MPOBAHHBIX, BKIIOYasl LITATHBINA
¢unbTp.

B kauecTBe TaKOro KpUTEpHs MPEATaraeTCsl HCHONb30BaTh KPHUTEPHUM
KaduecTBa (UIBTpAllMU CHUTHANa 7igy, OCHOBAHHBIM Ha CpPaBHEHHH C
STAJIOHHBIM CHUTHAJIOM. B KauecTBe ATaJOHHOIO CHTHajla Ipeajaraercs
UCIIONIb30BaTh CHUTHAN, KOTOpPBIH (OPMHpYEeTCsT Ha OCHOBE JUCKPETHO-
BpeMEHHOro IpeoOpazoBanus Pypre.

Anroput™ (HOpMHPOBaHUS STAJOHHOTO CHI'HAJa HU3KOYaCTOTHOTO TPEH/a
Ny 3aKII0YAETCA B CIEAYIOIUX ITyHKTaX:

NIPE/CTAaBICHNE HCCIIEAYEeMOr0 CHrHaja B YacTOTHOH o00JacTd mpH
TTOMOIIH TPSIMOTO IipeoOpazoBanus Dypre;

oTIpefieNIeHne JMalla3oHa YacTOT, Ha KOTOPBIX pacIpesielieHa OCHOBHAs
MOIITHOCTh CHUTHAJIA;

BEIOOP YaCTOTHI CPe3a;

BOCCTaHOBJICHHE 3HAUCHMH JTAJTOHHOIO TPEHAA CUTHAJIA MpPU ITOMOIIH
obpatHOoro mpeoOpazoBanne @Dypbe I TAKOro KOJMYECTBA  Iap
K03(p(PHUIIMEHTOB CIEKTpa HCXOIHOTO CHTHAala, KOTOpOe OOeCreurBaeT
($unbTpanuio 10 BEIOPAaHHOW YacTOTHI Cpe3a.

[MpennoxeHuslidi  anroputM  (GOPMHUPOBAHUSI  ATAIOHHOTO  CUTHaja
TI03BOJISIET IPOBECTH CPABHUTEIIBHBIN aHAIN3 PA3IMIHBIX METOIOB [IU(POBOH
¢unpTpanuy U BHIOpaTh (QUIBTP, 00ECHEUNBAIOMINN ONTUMAJIbHBIE OLEHKH
OpicTporiepeMeHHBIX TapameTpoB CAY I'TY.

@DopMHpPOBaHHeE 00,IMKA NMEPCNeKTHBHOI CHCTEMBI 3JIEKTPOCHA0KEHUSI
NMACCAKUPCKOr0 BO3AYLIHOIO Cy/THA
[apanos C.C., Kpukos JI.A.
AbsposnekTtpomaii, T. MockBa

B Hacrtosmee Bpems B nepuoi OypHOTO pa3BUTHSI MUPOBOH aBHAIIMOHHOM
NPOMBIIUICHHOCTH 0c000€ BHUMaHHE YJIeNseTcsi TEHACHIMH pPa3BUTHS
MUpPOBOM TIpa)kAaHCKOW aBHalMU. B yCIOBHAX pPBIHOYHBIX OTHOIIEHUI
JAHHBIM acCHeKT sBIsAeTCd BeChbMa aKTyalbHBIM, TaK KaK IIO3BOJSET
HalpaBUTh HAyYHO-TEXHWYECKUH U MPOU3BOJCTBEHHBIH IOTEHIUAJIBI
ABUALIMOHHOM NPOMBIIIICHHOCTH B HY)KHOM HAalpaBIEHUH C LEIbI0
obecrieueHnss B OyIyIieM KOHKYPEHTHOTO TIIOJIOKEHHUSI OTEYEeCTBEHHOU
TpaX<IaHCKOW aBHALlMU Ha MHUPOBOM pBIHKE.
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OCHOBHBIM KpHTEpUEM, HPEIBIBISIEMOE K CHUCTEME 3JIEKTPOCHAOKEHUs
(C3C), 0Oe3ycinoBHO sBIsAeTCS TpPeOOBaHHWE BBICOKOW HAIEKHOCTH. ITO
CBSI3aHO B IIEPBYIO OUYepe/ib C TE€M, YTO HHM OJHMH KOMIUIEKC aBHAI[HOHHOTO
pPaIMOTEXHHYECKOTO  O00OpymoBaHMS  HE  Moxer  paborate  0e3
anekTposHeprun. C ydeToM BO3pacTarolied 3JIeKTpH(UKAIMK BO3IYIIHOTO
cyasaa (BC) »T0 cTaHOBHTCS OCOOCHHO AaKTyalbHO, ITOCKOJIBKY MHOTHE
HE3JIEKTPHIECKNE CHCTEMBI (TuppaBindeckue, ITHEBMaTHIECKHE)
TUTAaHUPYETCSl 3aMEHNUTh Ha 3JEKTpHUeckue. Tak Ha MacCaKUPCKOM caMolieTe
Bounr 787 yxke OTKa3aaicCh OT HWCHOJB30BAHUS ITHEBMATHUYECKOW CHCTEMBI
oTOOpa BO3IMyXa OT BCIOMOTAaTeIbHOH criioBoi ycraHoBkH (BCY), a 3amyck
aBuagBuraresisi (Al) mpu 3TOM OCYIIECTBISIETCS TP TOMOIIY JBYX CTapTep-
TeHEpaTOpOB. JTO 3HAYUT, YTO TPEOOBAHMS K Ka4eCTBY DIIEKTPOIHEPTHU
6yﬂyT TOJIBKO YBECIINYUBATHCS, BOBHUKHET HGOGXOI[I/IMOCTI) JOINIOJTHUTECIIBHOI'O
PECPBUPOBAHNA KAaHAJIOB JJICKTPOIIUTAHUA, YTO B YCJIOBUAX Tpa}lHHHOHHOﬁ
COC Hen3MeHHO NPUBEAET K YCI0KHEHUIO CUCTEMBI.

Jpyrum  HamOonee BaXXKHBIM  TpeOOBaHWEM, MPEABSIBISIEMBIM K
caMoJIieTHOMY o0opyaoBaHui0 BooOme W kK COC B YaCTHOCTH, SIBISCTCS
TpeboBaHNE MHHUMAILHOM MacChl M rabapuTHBIX pasMepoB. O4eBHAHO, UTO
YeM MEHBIIMH BEC 3aHMMAaeT caMOJIETHOe O0OpyJdOBaHHWE, TeM OoJblie
KoMMepueckas 3arpy3ka BC u, cienoBarenbHO, OXO/, TOMydYaeMblil 3a peiic,
YTO UTPAET CYLIECTBEHHYIO POJIb B YCIOBHUAX PHIHOYHON SKOHOMHUKHU.

Kpome Toro HeoOXOAMMO YUHTHIBATH NPABIIBHOE 3SPrOHOMHYHOE
pacroyio)KeHHe DIIEMEHTOB CHCTEMBI, CO3JaHHE HWHTErpajbHOW CHCTEMBI
cbopa uH(pOpPMAIMK O COCTOSIHUM CHCTEMBI M OTKa3ax B HEH ¢ IICIIBbIO
y1oOCTBa B AKCILTyaTal[i ¥ COKPAILICHHUS BpeMEHH 00CTY)KUBaHHUS CaMOJIeTa.

Lenpto nanHO#M paboTHI siBIsieTcs] hopMHpOBaHUE OOJINKA MMEPCHEKTUBHOM
CHCTEMBI JJIEKTPOCHAaOXKEHMsI, KOoTopass OyneT oOTBedaTh BCEM TEXHUKO-
SKOHOMHYECKHM  TOKa3zaTesiM, IPEIbSBIIEMBIM K  II€PCHEKTHBHOMY
naccaxkupckomy BC.

MopnebHO-0pHEHTHPOBAHHBIN MOAXO0/ ISl pa3padoTKH NPOrPaMMHOI0
o0ecrieyeHHUs CHCTEM YIPAaBJIEHUSI
HInurepckuii A.b.
Esterel Technologies (Dpannus - Poccust)

MozenbpHO-OpHEHTHPOBAHHBII MOJX0]] — 3TO MPEXJIE BCEro BEpUPHKAIHS
aJrOpuTMOB Ha ypoBHE Mozenu. [IpuuéMm mnoBegeHHME MOJEIN JOJKHO B
TOYHOCTH COOTBETCTBOBAThH MOBEIECHHIO OYyIYIIEro NCXOJHOTo Kona. TombKo
Torna B mporecce paspabotku [1O MoXHO NpoBOANTH (DYyHKIMOHAJbHEIE
TECTBI, aHAJN3 CTPYKTYPHOTO MOKPBITHSA M (OPMaNbHYIO BepH(UKAIHMIO Ha
YPOBHE MOJIEINN.

Onwucanne Monenu Benércs B rpaduueckoil 00070UKe, ¢ HCIOIb30BaHUEM
¢opmanbrHoro s3eika  SCADE, paspaborannoro kommanmeii Esterel

249



Technologies coBMecTHO ¢ yHHMBepcuTeTOM ropoga I'peHobnns (Dpaniws).
Hamuune Ttakoro ¢QopmaiabHOrO  s3bIKa  IO3BOJSIET  ABTOMATHYECKH
OCYIIECTBHUTH TEPEX0] OT MOJEIH HEIOCPEICTBEHHO K MCXOJHOMY KOy Ha
s3eike C mmm ADA. KopnoreHeparop sBisSeTCS CpeICTBOM pa3pabOTKH,
kBauunupoBanHeM 10 DO-178B 1o ypoBHS A. OTa kBanupukanus naér
3HAUYUTEIbHOE MPEUMYIIECTBO - TI03BOJSIET HHXXCHEPY-Pa3paOOTIHKY
WCKJIIOYUTh HU3KOYPOBHEBOE TECTHPOBAHUE HA YPOBHE MCXOMHOTO KOJA, YTO
naéT cymMMmapHyro skoHoMmu0 B 40% or oOmux 3arpar Ha paspaborky I1O.
IIpn 3TOM KadecTBO MCXOAHOTO KOJa MOBBIMIAETCS, UCKIIFOYasl OLUIMOKH MpH
KOZIMPOBAHUH.

Kmmentckas 6aza Esterel Technologies HacuuThIBaeT 1mo BceMy MHPY
Oosiee 150 KIMEHTOB B aepOKOCMHYEKON M 00OpOHHOI obnacTsx. B crmcke
KJIMEHTOB HaxoJsTcs cieayrone kommnanuu u3 20 crpan: Airbus, Boeing,
BAE Systems, Dassault Aviation, EADS, Eurocopter, General Electric,
Thales, Liebherr Aerospace, Lockheed Martin, Pratt & Whitney, Rolls-
Royce, Safran Group, Sagem, YKB “Cyxoro”, 'ocHUMAC, HKb BC,
HUMAO, MHIIK ABnonuka, BETA, MUDA.

SCADE rnaBHBIM 00pa3oM TpUMEHSETCS JUIS TNPHIOKEHHH YpOBHS
KPUTHYHOCTH A W B, Takmx Kak CHCTEeMbl YIpaBICHUS IOJIETOM,
ABTOTIMJIOTHI, CHCTEMBI MPEAYNPEXIAOIMeH W aBapUiHOW CHUTHAIM3aINH,
KaOWHHBIE AWCIIJIEH W CHUCTEMBl MHIMKALUHM, CUCTEMBbI MOJAa4yM TOIIMBA U
yIOpaBIeHUs]  JBUTAaTeJeM, TOPMO3HOTO M  PYyJIEBOrO  yNpaBICHUS,
uHepuuanbHble cucteMbl, GPS, cuctembl caMOJIETOBOXKICHHS, CHCTEMBI
KOHANIHUOHUPOBAHWA BO3yXa.
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7. Cexkuusi « IKOHOMHYECKHE NPOOTEeMBbI
A3POKOCMHUYECKOT0 KOMILJIEKCA

HNHpexc MHHOBALIMOHHOMW AKTHBHOCTH NPeANPUATHI aBUALIMOHHOM
NPOMBILITIEHHOCTH
Becnanosa B.E.
MAMU, r. MockBa

B HacTos1mmee BpeMs peanu3anus HHHOBAIIMOHHBIX IPOEKTOB aBUALIMOHHOM
MPOMBINUIEHHOCTH SIBIIIETCSI OJHMM M3 HPUOPUTETOB TOCYIAPCTBEHHOU
MHHOBallUOHHOW MOJMUTHKH Poccuu, MOCKOIBKY NPOAYKIHUS aBHALIMOHHOMN
MIPOMBINUIEHHOCTH, KaK TpPa)<IaHCKOrO, TaK M BOEHHOIO Ha3HAYCHHsS —
KITFOUEBON KOMITIOHEHT CHCTEMBI OOOPOHBI M OE€30TIaCHOCTH CTpaHbl. B cBA3n
C 3TEM 0co0yl0 aKTyaJdbHOCTb TIPHOOpPETaeT OIeHKa A(PPEKTHBHOCTH
MHHOBAallHOHHOW  JEATEIbHOCTH AaBHALMOHHBIX IPEANPHATHI, KOTOPYIO
npearaeTcs HU3MEPUTH MOCPECTBAM onpeneIeHus HHJIeKCa
PIHHOBaHPIOHHOfI AKTUBHOCTH.

WHaekc MHHOBAIIMOHHON aKTHBHOCTH MPEICTABIISIET CO00H KOMITICKCHBIH
MO0Ka3aTeNb, XapaKTepU3YIOMUH B IIEJIOM CIOCOOHOCTh MPEINpPHATHI K
nHHOBanusAM. OH BKJIIOYAeT KOJIMYECTBO BBIABHHYTHIX HOBATOPCKUX HJEH,
MPOLEHT BOBJIEYEHHOCTH TIE€PCOHANa B MHHOBAI[MOHHBIA IIPOLIECC, POCT
MpOoAaX KOMIIAHMM B Pe3yIbTaTe HHHOBALIMOHHOW aKTUBHOCTH, KOJINYECTBO
MIOJTyYEHHBIX OpraHU3aluell MaTEeHTOB.

MakcumanbpHoe 3HaueHue mHaekca - 100 egmaun. HaganpHOe 3HadeHne
YCTaHaBIMBAETCS NPEANPUATHEM Ha OCHOBAHUM JAHHBIX IIPEAIIECTBYIOLIETO
nepuoaa paboTel. BriocneacTBuy HMHAEKC PAaCCUUTHIBACTCA HA PETYISAPHOU
OCHOBE B LeJSIX OTCIEKUBAHUS TEKyILEro COCTOSIHUSA
WHHOBAIIMOHHBIX KOMHCTCHHI/Iﬁ KOMITaHHH.

JlanHBId  TIOKa3aTedh IMO3BOJSET MPOAHATU3UPOBATH  CIIOCOOHOCTH
ABUALIMOHHOTO MPEANPUATUS K MHHOBAIIMOHHBIM PEIIEHHSM U CIIy>KUT MEpOon
ycriexa KOMIIaHUH B 3Toi obsactu. TakuM 00pa3oM, HHAEKC MHHOBAI[MOHHON
AKTUBHOCTH:

3amaeT (pOpPMaTN30BaHHYIO 0a3y (OOBEKTHBHBIC YHCIIOBBIC TAHHEIC) IS
TIPUHSATHS YTIPABIEHYECKUX DPEIICHUH, 9TO OCOOEHHO Ba)KHO, €CIHM Y4YecTb
JOITOCPOYHYIO IEPCIEKTHBY HHHOBALUI U BEICOKUE NPOEKTHBIE PUCKHY;

BBIPAKAET CTPATETMYECKHE HHTEPECHl KOMIIAHUM, IMO3BOJSAS «BCTPOMTH)
WHHOBALMM B OM3HEC-TIPOLECCH M HalaJUTh OTHOLICHUS MEXKAY TEMH, KTO
TEHEPUPYET HOBBIE UAEH, U YIIPABICHYECKON KOMAaHIOM;

IIOMOTaeT 00OCHOBAHHO PACHpPENENATh PECYpChl MEXIy KOpPIOpPaTUBHOM
CHCTEMOM yIpaBJ€HUSA MHACAMU W HWHHOBAIIMOHHBIMHM HWHUIIMATHBAMM:
IIJIAHOBBIC METPHUKHU yCTaHaBJIUBAIOT OXXHJIaHUA B OTHOLIICHUHU
MHHOBAIlUOHHOTO MOTEHIMalda KOMIIAHMH, a CpPaBHEHHE IIIAaHOBBIX
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MOKa3aTejae ¢ MX 3HAYCHUSIMU B OTYCTHBIC NEepruoabl MO3BOJACT YBUIACTH
«Y3KHC» MECTa - MPOLECCHI, q)HHaHCI/IpOBaHI/Ie KOTOPBIX HE COOTBETCTBYET
IIOCTABJICHHBIM LCJISAM,

MOTHUBHPYCT HNEPCOHAI K HHHHHaTHBHOﬁ pa60Te, T.K. OTpaXa€T YCTKO
C(i)OpMyJ'IHpOBaHHLIe CTpPAaTCrU4CCKUC ICJIU, KOTOPBLIC ACIa0T COTPYAHUKOB
Ooitee npeaAnpuruMirBbIMH, n06y>Kz[a$[ uX CTPEMUTBCA K BBIITOJIHCHUIO
IIOCTABJICHHBIX 3a1a4.

MeToabI NOBBINIEHUS] IKOHOMHYECKOi IPPeKTHBHOCTH PadOTHI
aBHAKOMIIAHUU
Bumnsikosa O.B., Hectepor B.A.
MAMW, r. Mockaa.

B rpaxkmaHckoi  aBHMAIlMM  OJHMM M3  OCHOBHBIX  (DakTOpPOB
WHTEHCU(UKAIMK TPOM3BOJCTBA  SIBJISIETCS. OKOHOMHSI  aBHAI[IOHHOTO
TOIUINBA, Aatolasi OOJBIION BKIIAJl B MOBBINICHHE 00HEMOB M SKOHOMHUYHOCTH
nepeBo3ok. OIMH TPOLEHT COEpeKEHHOro II0 OTPAacid 3a TOJA TOIUIMBA
MTO3BOJISIET IPOU3BECTH JONOIHUTENBHO THICSYH PEHCOB.

Ha HaGop BBICOTHI M CHM)KEHHE caMoJeThl 3aTpadnBaroT ot 10 % mo 70 %
MOJIETHOTO BpeMeHH. Ha 3THX ydYacTKaX UCHONB3YIOTCS TPENEIBHO
JOIYCTUMBIE PEKHMBI PaOOTHI JBHUTATENEi, 3TH YYacCTKM HAXOAATCS B
Hauboiee 3arpyKeHHOW 4dYacTH Tpacc, B palOHaxX a3’poApoOMOB, TIae
CYIIECTBEHHOE 3HaueHWe I BbIOOpa peXnMma TMoOJeTa  HMEeT
SKCIUTyaTallMOHHBIE OTPAHUYEHUS, B TOM YHCIe, HaKJaIblBaeéMble CHCTEMOM
YIpaBIEHUS BO3IYIIHBIM IBUKEHUEM.

B Hacrosdmiee BpeMs HHTEHCUBHOCTh IIOTOKAa BO3AYIIHBIX CYJOB
MIOCTOSIHHO pacTeT. B cBsi3u ¢ ueM Bo3pacTaeT 3arpy’K€HHOCTb BO3IYIIHOM
30HBI, a3PONOPTOB, B3JIETHO-MOCAA0YHBIX M0J0C, MPUBOISIUX K Ype3MEPHOI
Harpy3ke Ha [UCIIETYEPOB U CHIDKCHHIO YpPOBHSA O€30MacHOCTH ¢
3G(QEKTUBHOCTH  TEPEJIETOB  BO3AYIIHBIX  CyIOB.  ABHAKOMIIAaHWH
3aUHTEPECOBAaHbl B TOYHOM COOJIOJCHWH paclucaHus peicoB, B
MUHUMH3ALMN OKCIUTyaTAMOHHBIX 3aTpaT W pacxojJa TOIUIMBA IIPH
BBITIOJTHEHUH ITOJIETOB.

Jns aBmakoMmaHWA 3aJepKKH BIEKYT 3a COOOH 3HAYUTEIHHBIE
SKOHOMHYECKHE 3aTparbl, OOYCIOBJCHHBIE CIEAYIOIUMU TPHIYHHAMH:
JIOTIOJTHUTEIBHBIN pacxo/l TOIJIMBA HA NMPHJIETE U BBUIETE BO3AYIIHBIX CYJOB;
CBEPXYPOUHBIEC BBHIIIATHI JISTHOMY COCTaBY; KOMIICHCAIIUH MAaCCaKUpaM Ipu
JUINTEJIEHOM BPEMEHH 0>KUAHUS BBIIETA.

Just  toro, 4roObl pemmTh MpoOieMy 3arpy3Kd JAWcrerdepa 0e3
CYLIECTBEHHOI'O pPOCTa 3aTpaT Ha OPraHU3aLUI0 BO3AYIIHOTO JBIKEHUS,
obecrieuuTh 0e30MacHOCTh U YKOHOMHYHOCTD ITOJIETOB BO3AYIIHBIX CYJOB B
paifoHe a’poapoMa, a TAaK)Ke€ YMEHBIIHUTh N3AEP’KKH aBHaKOMITaHHUH B paboTe
IpeularaloTcsd  CIeAyIOIIMe  METOAbl  aBTOMATH3alUM  YIPABICHUS
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BO3AYIIHBIM JIBH)KEHHEM: METOJl aBTOMaTH3alMK paboThl AUCIIeTYepa, METO.
MOCTPOCHHUSA ONTHMANBHBIX IOCIEIOBATEIBHOCTENl Tpuiera MW BBIIETa
BO3/YIIHBIX CY/IOB C BBITIOJIHEHUEM HOPM 3IIEJIOHUPOBAHHUS JUIS COOIIOICHHS
0€301acHOCTH TOJIeTa, METOJ HaXOXKAEHHS ONTHMAIbHBIX MapLIpyTOB
MIpUJIeTa IO KPUTEPHUIO CyMMAapHOTO pacxo/a TOIJINBA IIPU CHIKEHUH.

ABTOMaTH3aIMs YNPaBICHUS BO3MYLIHBIM [BIDKCHHEM IIO3BOJIUT: JUIS
ABHAKOMITAHUH — YJIYYIINTh OOCITy’KMBaHHE IIOJICTOB, JA€NaTh BBIOOp Ooiee
3¢ PEKTUBHBIX MapIIPyTOB ITOCAIKH M, CIEIOBATEIbHO, COKPATUTD PACXOJBI
TOIUINBA, MHHIMHU3UPOBATh SKCILTyaTaIl[MIOHHBIE PACXOABI, VISl a9POIIOPTOB —
obecrieuuTh  OOCITy)KMBaHME B  IUIOXMX  MOTOAHBIX  YCIOBHAX U
ONITHMU3UPOBATh OINEPALMM B ad3pOIOPTy, AT MACCAKUPOB — IOIYYUTH
MHHUMaJIbHBIC 33IeP’KKU Ha MPUJIETE, TOBBICUTH Ka4eCTBO 00CITYKUBaHUS 32
MEHBIIYIO CTOMMOCTB IIpU 00JIee BBICOKOM YPOBHE O€30IIaCHOCTH.

BinsiHue MPOTEKIHOHUCTCKUX Mep HA KOHKYPEHTHbIe MO3UIMHU (PUPMBbI
HA PbIHKE BHICOKOTEXHOJOTHYHOM MPOXYKIIUM
Bomomnn C.B.
MAM, r. MockBa

B monuTnke mpoTEeKIMOHM3MA CO CTOPOHBI TOCYIAapcTBa Hanboliee 4acTo
MIPUMEHSIOTCS SIBHBIE MEPONPHATHS — BBEICHHE TaMOXKEHHBIX Tapu(oB U
HEsIBHBIE — CYOCHAMpPOBAaHHE Ha pPA3IMYHBIX (DazaX >XU3HEHHOIO LHKIA
BBICOKOTEXHOJIOTHYHOM MPOrpaMMbl U TpoekTa. OCHOBHBIE 0COOEHHOCTH Mep
IIPOTEKLIMOHU3MA U3BECTHBI U3 SKOHOMHUYECKON TEOPHUHU.

K mo3uTHBHBIM TNOCIEACTBUSAM MOXKHO OTHECTH MOAEP)KKY HOBOW WIIH
CTpaTernvecKy BaXXHOM oTpaciu Ha Qaze ee 3apoXkIeHHS M poOCTa,
MoOyXJeHWEe K 3aMEIICHHI0O HMIIOpPTa CO CTOPOHBI OTEYECTBEHHBIX
MIPOU3BOAUTENEH B KPATKOCPOUHOM NEPUOJIE.

K HeratnBHBIM OCOOEHHOCTSIM OTHOCHTCS MEpeKJIaJbIBaHHe OpeMeHH
MOJ/IEPKKH  HEeA(P(EKTUBHBIX MPOW3BOAWTENEH Ha TOCyHapcTBO U B
KOHEYHOM WTOT€ Ha OTEUYECTBEHHBIX MoTpedureneil. B momrocpounom
MepHOZIE BO3MOXKHA TOTEPs] KOHKYPEHTOCIOCOOHOCTH 3pENBIX OTpaciieil B
Cllydae OTKPBITHS BHYTPEHHHMX PBIHKOB WM IIONBITKH BBIXOAA HA BHEIIHHE.
BBeneHne NPOTEKIMOHUCTCKMX MEP TAKKE MOMKET CTaTh IOBOJOM JUIA
B3aUMHBIX OOBHHEHUI MPOM3BOANTENCH B HEZOOPOCOBECTHON KOHKYPEHIMU
U cyneOHBIX pa30HUpaTeNbCTB Ha MEXITYHAPOTHOM YPOBHE.

Mogaenupyercs cuTyalusi B 3pejol OTpaciiy, MOJABEPKEHHONW CUIBHOMY
BIIUSHUIO OTPACIIEBBIX CTAHIAPTOB: MPOAYKLUS KOHKYPEHTOB OJHOPOJHA,
CTPYKTypa HMX uziepkek Ommska. ITosTomy cTparernm LeHOOOpa3oBaHMs
TaKKe SBJSIOTCS CXOOHBIMH, a TOTpeOWTEeNH HE OTHA0T SBHOTO
TIPEATIOYTEHHS TPOAYKIMH KaKoTo-1n00 n3 mpomsBoauTenei. Kpome storo
MIPEATIoNIaracTCsl  HE3aBHCHMOE TPHHATHE (HUPMaMH  CTPAaTErHYEeCKUX
pemeHnit (oTcyTrcTBHE croBopa). IIpumMepoM MOXKET CIIyKHTh CHUTyalus B
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obnactu MPOU3BOJICTBA TpaXKIaHCKUX CaMOJIETOB KPYIHBIMHU
MEXKIYHApOAHBIMU KOpIIOpalHusAMU. paCCMOTpeHO BJIMSIHUC IPUMCHCHUS MEP
MPOTEKITMOHN3Ma Ha KOHKYPEHTOCIOCOOHOCTh MPOAYKIIUHM TIPU PA3TUIHON
CTENIEHH €€ TOCYAapCTBEHHOW MOANEPKKH. B KkadecTBe OJHOW W3 TIpymlmn
MOKa3aTeNeH, OKa3bIBAIONIMX MPSIMOE BIUSHHE Ha KOHKYPEHTOCIOCOOHOCTH
MPOAYKIHH, PACCMOTPEHBI KPUTCPUH WHBECTHIUOHHOW 3(P(EKTHBHOCTH
BBICOKOTEXHOJIOTHIHOM MPOTpaMMBI FUTH TPOEKTA.

IIpornozupoBanne pucka 6aHKPOTCTBA NMPOMBILIJICHHBIX NPeNPHATHI
Knanor B.1O., Adpanacsera O.A.
MAMWU, r. MockBa

[IpobmeMa MPOTHO3HPOBAHUS pHUCKA OAHKPOTCTBA MPOMBIIUICHHBIX
OpEeNNpUATU B HACTOsILlee BpeMs O4YeHb akTyaldbHa B Pocculickoit
Oenepanuu. 3a TOCIEIHUE [JECATh JIET OYEeHb MHOTHE OpraHu3aluu
BCEBO3MOXHBIX (POPM COOCTBEHHOCTH OKa3allUCh Ha TpaHW OaHKpOTCTBa. B
MEPBYIO0 O4YepeNh STO OBUIO CBS3aHO C PeOPMHPOBAHUEM POCCHHUCKON
SKOHOMHUKH, a TakkKe u3-3a MHpPOBOro (uHaHCOBOrO Kpusmca. Jlis
PYKOBOJICTBA TIPEANIPUATHS aKTyaleH BOIPOC OIpeIeNiCHHs] MEXaHH3Ma,
MTO3BOJISAIONIECTO  CAENATh JHATHOCTUKY TIPSATIPHUATHS, CIPOTHO3UPOBATH
HACTYIUIEHHE prcKa 0aHKpOTCTBa B Omrpkaiimem OymymieM, Ui TOTO 9TO ObI
HMETh BO3MOXKHOCTH H30€KaTh HETaTHUBHBIX COOBITHH. TeM He MeHee,
MozeNed, NO3BOJMIOIIMX C JOCTaTOYHOM CTENEHBIO JIOCTOBEPHOCTHU
MPOTHO3UPOBATh PHCK OAHKPOTCTBA MPEANPHUATHS, B PoccMu mpakTHUecKd
HeT. OTeYeCTBEeHHBIN MEHEIKMEHT, KaK MPaBUJIO, JENaeT MPEAMNOIOKEHHE O
COCTOSIHUU TPENNpUATHSA, HUCIOJb3ys JIUIIb OTAETbHBIE IOKa3aTeau
OTPENENAIONINEC PUCK HACTYIUICHUS OaHKPOTCTBA, B TO BpEMsS KakK 3TO
KOMILIEKCHAs npobiema. [Ipumenenue 3aI1aTHBIX MoJIeIe
MIPOTHO3UPOBAHUS PHCKAa OAHKPOTCTBA HE IEIECOO0Pa3HO B POCCHUCKUX
VCIOBHSAX IO PANy NPWUYIMH: Bo-TIepBRIX, B 3amagHbIX MOJCNAX HE
VYUTBIBACTCS OTpaciieBasl CIEMU(PHUKA MEATSTPHOCTH MPEINPUATHA. ITO
BBI3BAHO TEM, YTO MHOIHE 3amajHble MOJEIM  CO3JaHbl, Kak
«yHHBepcalbHBIE». BO-BTOPBIX, COBpEeMEHHBIE 3apyOCKHBIE  MOJIEIH
0aHKPOTCTBA HE YUYMTHIBAIOT CHENHU(HUKY SKOHOMHYECKOW CHTyallUd U
OpraHu3aIio MpeINpUHUMATEILCTBA B Poccru, KOTOpBIE OTIUYAIOTCS, B TOM
YHCIIe, CHCTEMaMHU OyXTaaTepCKOro ydeTa W HaJIOTOBOI'O 3aKOHOATEIILCTRA,
YTO HAXOIHUT OTPa)KCHHWE, Kak B Habope (HakTOpOB-IPU3HAKOB, TaK U B
BECOBBIX KO3(D(HUIMEHTAX TPU HUX. B-TpeThuX, CYIIECTBYIOIIHE MOJCITH
HCTIONIB3YIOT B CBOEM aHalM3€ OrPAaHUMYEHHBIM CIEKTp ToKa3aTeseH,
OTPEIEISIONIUX JIMKBHTHOCTb, IIATEKECIIOCOOHOCTh, PCHTA0CTBHOCTh H, KaK
MPaBHUJIO, SIBIITIOTCS PACHIMPEHHBIMA WM HM3MCHEHHBIMH  3allaJHBIMA
mozemssmu 60-80 romoB 20 Beka. 3amamHple MOAENIM OBUIM CO3JaHBI B
VCIIOBHUSX, CHIIBHO OTIHYAIOMIMXCS OT TeX, B KOTOPBIX HAaXOIATCS
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COBPEMEHHBIE  POCCHHCKHE MPOMBIIUICHHBIE TMPEIIPHUITHS, OITOMY
HeoOXOJMMO  CO3laHME COOCTBEHHOW MOJENH, aJalTHPOBaHHOM K
pOCCHICKUM ycIoBUsIM. [t 3TOTO ChOopMUpyEM MacCHB JaHHBIX, B KOTOPBIH
BoiiayT 20 (UHAHCOBO-XO3SMCTBEHHBIX IIOKa3aTeleH, XapaKTepH3YIOIINX
(MHAHCOBO  yCTOWYMBBEIE IPOMBIIUICHHBIE TPEINPHATHS, a TaKxke
(PMHAHCOBO-XO3SICTBEHHBIE MTOKA3aTEIH, XapaKTePH3YIOIIUe MPEATIPHATHS 32
1 rox no OaHKpoTCTBA. 3aTeM INpoBeNeM KIACTEPH3ALHUIO TPOMBIILICHHbBIX
MIPEANIPHUATHH, T.€. BCE IPEANPHUATHS 00BEINHIM B YCTOHYMBBIC KIIACTEPHBIE
CTPYKTYpBI IO TOKa3aTeasiM (PHHAHCOBO-XO3AWCTBEHHOH HEATEIBHOCTH C
MIOMOIIBI0O HEWPOCETEBBIX METOAOB camooOydaromuxcsi kapT KoxoHeHa.
INomy4eHHbIe K1aCTEPhl IPOMBIIITICHHBIX MPEANPUATHA OyIyT MPEACTaBIATH
co00il CTPYKTYpBI, CXOKHE 0 (PUHAHCOBO-XO3SHICTBEHHOW NESTEIBHOCTH, a,
CIIeJOBaTeNIbHO, HMMEIOIUE CXOXKMH THII PHUCKa OaHKPOTCTBA. 3aTeM s
KaX/IOro KJlacTepa IPOMBIIUICHHBIX HPeANpHATHH, 00Jalaloero CBOUM
THIOM ~ OaHKpPOTCTBA,  MpeJlaraeTcsi Cco3jarh  CBOIO  logit-moxens
MIPOTHO3UPOBAHUS pUCKa OaHKpOTCTBA. OHO U3 OTIMYUTENBHBIX JOCTONHCTB
logit-monenelt OT Mozeseil MPOTHO3UPOBAHUS PYTHX TUIIOB 3aKJIIOYaeTCs B
TOM, YTO OHH TO3BOJITIOT CHENATh BBIBOJ HE TOJBKO OTHOCHTENHHO
MIPUHA/UIKHOCTH K TpyImne OaHKPOTOB, (YeM OrPaHWYMBACTCS MOJENb
Anbrmana, Cnpunreiita, Jluca, Taddnepa, Pymmepa u 1p.) HO H
KOJINYECTBEHHO OIICHUTH BEPOSTHOCTh BO3HWKHOBEHHS PHCKa OaHKPOTCTBA
JUI TpennpusiTus. BeiBoA 0 BepoATHOCTH pucka OaHKpPOTCTBA AENaeTCs B
3aBUCHMOCTH OT «OJIN30CTH» PAacUueTHOTO 3HAYE€HHS UTOTOBOTO MOKA3aTelsl K
0 mmm x 1. Honp o3Ha4yaeT MUHMMAJbHBIH PUCK OaHKPOTCTBA, €AWHHIA —
COOTBETCTBEHHO MakcuMaibHbId. [laHHas ocobGeHHocTh logit-moneneit
YIPOIIAeT HHTEPIPETAMIO DPEe3yJbTaTOB aHalM3a OTHeJoM (PUHAHCOBOTO
MEHE/PKMEHTa MpeanpusaTusi. [lofBonas WTOr BBINIECKa3aHHOMY MOKHO
CKa3aTb, 4YTO B pe3yibTare Mbl NOJIYYUM pa3nuuHble logit-Momenn
TIPOTHO3UPOBAHUS PUCKA OAHKPOTCTBA TPOMBIIUICHHBIX MPEATPHATHH U1
Pa3IMYHBIX THIIOB OAHKPOTCTBA, ONPEAEIAEMBIX KITacTepH3aIieH.

Biiusinue MeKIyHAPOIHOI0 KPEIUTHOI0 PEHTHHIA HA CTOUMOCTh
32€MHOr0 KANUTAJIA MPeANPUATHS
XKnanos N.10., Adanaceea O.A.
MAMW, r. MockBa

MexayHapOoHbIi KpEeIUTHBIA PEUTHHI B HACTOSIIEE BpEMsI CTaHOBUTCSA
HEOTHEMJIEMbIM aTpUOyTOM pPa3BUTOH SKOHOMHKH. [J100aibHBIE MHPOBEIE
TEHJCHIMH 110 (PMHAHCHANIN3AIIMH SKOHOMUYECKOTO MPOCTPAaHCTBA MIPUBOIST
K HEOOXOAMMOCTH BHEIIHEH, IyONMYHOW ¥ HE3aBUCHMOW OLEHKH
(PMHAHCOBOTO COCTOSIHUSI IIPEANPHUATHI. MeXIyHapOoaHbIe PEHTHHTH TaKHX
BEAyIIMM MHPOBBIX areHTcTB Kak Moody’s, Standard&Poor’s, Fitch
Investment mpu3Ha[OTCS Kak He3aBUCHMBIE (OpMBI OIEHKH (DUHAHCOBOU
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JeATENBHOCTH Npeanpusatus. [Ipeanpusarus, NoayyuBIIME MEXAyHapOIHbIN
KPEOUTHBI PEUTHHI IOJY4YaroT PpsX IPEUMYIIECTB:  IPUBJICUCHUE
WHCTUTYIMOHAIBHBIX MHBECTOPOB, CHIDKEHHE W3AEPXKEK IO PHUBICUCHUIO
3a€MHOTO  KaluTajlla Yy HWHOCTPAaHHBIX KPEAWTHBIX W  JM3WHTOBBIX
OpraHM3alliii, yBEIMYEHHE CpOKa KpeauTa y HAIMOHAIBHBIX KPEIMTHBIX
opranuzanuid ¥ np. OgHOW M3 (OPM NPHBICUCHUS 3a€MHOTO KaluTana Juis
peaNu3aliy CTPaTeTMYecKuX 3a7ad SBISIETCS OSMHCCHSA OOJIMraumuid, rae
TPaBHJIbHAS OLICHKA IPOLICHTHOMN CTaBKU CTAHOBHUTCS BaXKHOU 3a7auei.

Llenpto naHHOM PabOTHI CTAHOBUTCS CO3IAHMUS MOJEIH OLIEHKH CTOMMOCTH
3aeMHOT0 KamuTana (B opMe OOJIMrallMOHHBIX BBIITYCKOB) IJISI POCCHHCKUX
NpeNNpHUATHH, B 3aBUCUMOCTH OT (DMHAHCOBBIX IOKAa3aTeNIeH MPEANpUATHS 1
OT MEXIYHAPOJHOTO KPEOUTHOIO PEUTHHIa MEKIYHAapOIHBIX PEHUTHHIOBBIX
arerrcTB: Moody’s, Standard&Poor’s u Fitch Investment.

Ha nepBom sTane pa3paboTKu MOJENH, CO3AaHa UMUTALMOHHYIO MOJIEIb
MEXAYHAPOAHOTO KPEOUTHOTO pEHTHHra, 3TO OOOCHOBAaHO TEM, HYTO
METO/IMKa PEUTHHTOBAHUS 3aKphITa U MPECTABISIET COO0H «YEPHBIN SIIUKY.
Co3naHHasi UMUTAlMOHHAs MOJIETb KPEAUTHOTO PEUTHHIA XapaKTepusyeT
TeKyIIUHd Kiacc (MHAHCOBOM HAIEKHOCTH MPEANPHUATHS, 3TO HO3BOJSET
POCCHIICKUM MpPEANPHUATHAM, HE WMCIONIMM MEXIYHapOJHBIH KPEAWUTHBIH
PEUTHHT, CAMHM MPOBOIUTH HEMPEPBIBHBIH KOHTPOJUTHMHT PE3yJIbTaTHBHOCTH
u ¢QuHaHCcOBOW HamexxHocTH. Ha oOcHOBe myONMYHBIX JNaHHBIX 110
JOXOJHOCTSM OOJIMTallMOHHBIX 3aiiMOB, ONpEIelIeHbl PUCKOBBIE NMPEMHUH Ha
IIPUBJICKAEMBI  3a€MHBIM  KalMTal B  3aBUCUMOCTH  OT  KJacca
TUIATEKECIIOCOOHOCTH YMHUTEHTA.

Ha Bropom osrtame onpenensercs Oe3puUCKOBas MpPOLIEHTHAsl CTaBKa IO
o0JranysM TSl IEPBOKIIACCHBIX 3aeMITUKOB 10 Mozenu Pamel u Openya,
KOTOpasi TMO3BOJISIET OLIEHUTH OTPAcieBYI0 CIEHU(UKY NPENIpHUsITHS, €ro
KaluTanu3aluio 1 pasmep. JlaHHas MomuQUKanus MO3BOJMIA MOBBICUTH
TOYHOCTH OIICHKH O€3pUCKOBOI MPOICHTHOH CTaBKM IO CPAaBHEHHIO C
KJaccuueckoit Monensro CAPM.

PesynpTaTomM paboThl SBUIIACH KOMIUICKCHAsE MOJENb OLECHKH CTOMMOCTH
3a€MHOTO KaluTajga NPeANpusATHs B 3aBHCHMOCTH OT Kiacca (MHAHCOBOI
HaJEeKHOCTH NPEINPHUATHS, OTPaKarollas OTPacieByl0 W (UHAHCOBYIO
crienn UKy NpEeIIPHATHS.

CrpaTternyeckue e HHHOBAIIHOHHOIO MeHEIKMEHTa B PAKeTHO-
KOCMHUYecKoi oTpaciau
Wnbuna T.WU., bemosa I'.H., JloBunackas M.B.
MAMU, r. MockBa

COBpeMEHHYI0 HHHOBALIMOHHYK) AKTHBHOCTh MHOTUX NPEANPHUATHNA H
yupexnaenuid otpaciu  PKII yxe ceiilyac MOXHO OXapaKTepU30BaTh
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HEKOTOPBIMHU HPOSBUBIIUMHUCS 0COOCHHOCTSIMUA. DTH OCOOEHHOCTH SIBIISIOTCS
CJIEJICTBHEM HECKOJIBKHUX MPUYUH:

- HU3KMM YPOBHEM WHHOBAIIIOHHOTO ITOTEHIIMANa, KOTOPHI 00YCIIOBIECH
HezocTaroyHocThio puHaHcuposanust HOKP;

- CTapeHHeM KaJpOB U HEJOCTATOYHBIM IPUTOKOM B OTpacib MOJOIBIX
CIIEIUAJINCTOB;

- KaracTpoQHUIEeCKH HU3KAM pa3MEpoM OIUIaThl TPyda W MaTepHaIbHOTO
CTHMYJIMPOBaHUS;

- BHEJpPEHHEM 3apyOeXHBIX HPOIYKTOB KOCMHYECKOHW MESTEIbHOCTH Ha
POCCUIMCKUI PBIHOK;

- IIEPEKOCOM B CHCTEME 0Opa30BaHUs, OTKA30M OT CIELHUAINTETA 110 PSIIY
HEOOXOANMBIX JIJISl OTPACIIi 00pa30BaTENbHBIX HAIIPABICHH;

- 0COOEHHOCTSAMH KOHKYPEHIIMHA Ha KOCMHYECKOM PHIHKE.

Oco0eHHOCTh 3aKJII0YaeTCss B TOM, 4YTO Ha CaMOH KalHMTal0eMKOM
(3atpatHoit) ¢daze kusnmennoro wwkia PKT (HUMOKP, mnpousBoacTso,
CO3[JaHMEe Ha3eMHOH WHQPACTPYKTYpbl) IOMHHHUPYET TOCYIapCTBEHHAs
MOHOIIONMSA U OromKeTHOE (PMHAHCHpOBaHHE. A KOHKYPEHIHS IIPOSBIISETCS
Ha ¢ase, rae WHBECTHIMM B HEKOTOPOM pOJE AaMHHCTHPYIOTCS W HE
y4acTBYIOT B (DOPMHPOBAHHMH LI€H HAa KOMMEpPUYECKHE YCIYTH KOCMHYECKOH
nesrensHocTH. Ha 3ToH KOHEYHOH (a3e M3IepKKH HEBBICOKHE, a JOXOIBI OT
MIPOJIAXK YCIIyT KOCMUYIECKON IESITEbHOCTH BECbMa 3HAUNTEIIbHBIE.

Oro wHabmomaercs celdyac TIpH JAEATENFHOCTH  (DPUPM-OIEpaTopOB
KOCMHUYECKHX yCiyr. X I0XOIbl MO CyIIECTBY YOWBAIOT MHBECTUIIMOHHYIO
npuBiekarenbHocTh (aszel co3manust PKT. Ecte mpumepsl, korjga Takue
(GbuUpMBI  TOPrYIOT 3apyOEXKHBIMH TpPONYKTaMH. B 3TOM ciyyae Hesb3st
CEPHE3HO PACCYXKIATh O TAKUX F(EMEPHBIX IEIX POCCHHCKON KOCMHUECKON
WHAYCTPHUH, KaK: POCCUHCKUI NHHOBAIlMOHHBIM BBI30B; POCCUHMCKUI OTBET Ha
3apyOeXHBIi MHHOBAI[MOHHBIH BBI30B; POCT WHHOBAIMOHHOTO ITOTEHIIHAJA,
KOHKYPEHTOCTIOCOOHOCTh POCCHHCKNX KOCMHUYECKHX YCIyT | Jp.

B nokmagme oOCYXIaroTCsi BO3MOXKHBIE MEXaHH3MbI, IIPaBOBBIE W
OPTaHM3AIIOHHO-YIPABICHIECKHE 3a7a4n paspereHuns TaKoTo
WHHOBALIMOHHOTO TMapajokca. B TakoM Jke€ KOHTEKCTe CTaBUTCA H
o0cyxmaeTcs mpobiiemMa OreHKH (P(GEKTHBHOTO H LIEIEBOTO HCIIOIB30BAHUS
BCeX OIODKETHBIX cpeAcTB P®d, KoTOpble yXKe BBIAEICHBI M YCIEIIHO
pacxXoAyrTCs O/ TOM MJIM MHOW BHIBECKOM MHHOBAlIUOHHOM OKPAacKH.

K Bonpocy noBblieHHs HHHOBAIHOHHOI AKTUBHOCTH MpeaNpPUATHI
PKO
Kananxomxae A.U., Unpsxunckas ['.B.
MAMU, r. MockBa

[npoxo mpu3HaETCsl, YTO HHHOBALUH SBIISIOTCS HEHTPATBHBIM (hakTOpOM
poCTa TPOW3BOJCTBA M MPOW3BOAUTEIBHOCTH Tpyda. s pa3paboTku
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HaJUIeKalleil MOJMTUKK TOAJEP)KKH HHHOBalMid HEO0OXOIUMO TiIyOoKoe
IIOHMMAHHUE HECKOJIBKUX KPUTHUYECKUX aCIIEKTOB MHHOBALMOHHOIO IIpOLiEcCa,
TaKuX, KaKk OTJIMYHE HHHOBALIMOHHOM NEATENbHOCTH OT HUCCIEAOBAaHUMA U
pa3paboToK, B3aMMOJCHUCTBHE MEXAYy YYaCTHUKAMH WHHOBALMOHHOTO
MIpoLecca U COOTBETCTBYIOIUMU MOTOKAMU MHHOBALIMOHHON JEATENbHOCTH.

IIpy mocTpoeHMM CHCTEMBI WHHOBAILMOHHBIX MOKa3aTeled OIHUM H3
BaXHEHIINX cOOOpaXEHUH ABIAIOTCS HH()OPMALMOHHbBIE TOTPEOHOCTH.

B memsx <¢opmmpoBaHMS ~€IMHOTO TMOHUMAaHHA WHHOBALMOHHOM
JESATEIPHOCTH HAa OCHOBE MEXKAYHAPOIHOW IPAKTHKH, PEKOMEHIYETCS
WCIIONIb30BAaTh MaTepHaibl OOIIETPU3HAHHOTO B MHpPE CIIPABOYHOTO M
METOOJIOTHIECKOTO M3JaHHs B OONAacTH WHHOBAalWH, pa3pabOTaHHOTO H
yTBepKIeHHOT0 OpraHuzanuell SKOHOMHYECKOTO COTpPYAHHYECTBA H
pasButus PykoBoactso «Ocio».

VIHHOBaIlMOHHAsT JAEATENbHOCTh MPEINpUATHS — 3TO JAEATENbHOCTS,
HamnpaBJIeHHAs Ha MOMCK M peajn3alMi0 MHHOBALUI B IENSAX PaclIMpeHUs
aCCOPTUMEHTa U TOBBINIEHUS KadecTBAa MPOLYKIUHM IPENIpUATHS,
COBEpILEHCTBOBAHMSI TEXHOJOTHHM U OpraHM3alliu NMpou3BOACTBa. [IoHATHO,
YTO WHHOBALIMOHHASl aKTUBHOCTH MNPENNPUATHS B COBPEMEHHBIX YCIOBHSAX
HENOCPEACTBEHHO  3aBHCHUT  OT  HAy4YHO-TEXHHUYECKOrOo  IMOTEHIHana
MIPEIIPUATHS

CtuMyniaMH K aKTHBU3aIUU WHHOBALIMOHHOHN NEATENBHOCTH MPEAIPHATHS
SIBIISIFOTCSL KaK BHEIIHWE, TaK M BHYTPCHHHE MPOOIEMBI TNPEIIPHUITHU:
BuyTpeHHue, Kak HpaBUiIO, y KaKIOTO NPEANPHUATHS CBOM, a BHELIHUM
CTUMYJIOM SIBJISIeTCS KOHKYPEHIIUS Ha PhIHKE.

IToxa3aTtenn, Haubojiee LIMPOKO NPUMEHSIEMblE B OTEUECTBEHHOH H
3apyOeXHOW IMpPaKTHUKE M XapaKTepH3YIOIIMe HWHHOBAIIMOHHYIO aKTHBHOCTB
OpTaHM3allH, €€ HHHOBAIIMOHHYIO0 KOHKYPEHTOCIIOCOOHOCTh, MOXHO Pa30UTh
Ha CJIEIYIOLIME IPYIIIBL:

3arparHble OKa3aTeNy;

INoxa3zaTenu, XxapakTepu3yoIue TMHAMUKY HHHOBALlUOHHOTO MPOIIECCa;

[NokazaTenyu 0OHOBIIEMOCTH MPOAYKIINH;

Ioxaszatenu, XapaKTEPU3YIOILNE OpPraHU3alHOHHYIO CTPYKTYPY
MIPEIPUATHS.

Ha nam B3rmsin HeoOXoauMo NOOAaBUTH IOKa3aTeNd, XapaKTepH3YIOIIUe
KaJIpOBYIO COCTAaBJIIIOLIYI0 IOTEHIHUala OpPraHu3allid M, INPEeXAe BCETO,
BO3PAaCTHYIO XapaKTEpUCTHKY KaJpOB.
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IHocTpoenne Ou3Hec-MOAeIN KAaK HHCTPYMEHTA AHAJIN3A M OLCHKH
3¢ peKTUBHOCTH yNIpaBJieHUs NpeANpUATHEM
Kapaces C.A.
MAMW, r. MockBa

AKTyanbHOCTh JaHHOTO WCCIICNOBAHUS TMOATBEP)KIACTCS TEM, 4YTO B
YCIOBHUSAX PBIHOYHOW HSKOHOMHKM U TIPHCYIIEH el  KOHKYpEHIUH
MOpeanpHUATHE JOJDKHO MOCTOSHHO MOBBIIATH CBOM MOTEHHHWAN. PaHO wWiH
MO3HO PYKOBOJCTBO JIFOOOTO MPEANPHUATHS, CYIIECTBYIOIIETO B YCIOBHUSIX
PBIHOYHOW HSKOHOMHUKH, MPHXOAUT K MbIcau 00 3ddexTuBHOCTH CBOECH
JeSaTeNnbHOCTH. He SBISIOTCS MCKITIOYEHHUEM W IPEANPUSITUS aBHAMOHHON
HaIMpPaBICHHOCTH.

Ha naHHBII MOMEHT CyHIECTBYET JOCTAaTOYHOE KOJIUYECTBO METOIHK
OlUeHKH J(PQPEKTUBHOCTH NESITENbHOCTH TNpEeAnpusiThsi. B OCHOBHOM
uccienoBanus 3GGEKTHBHOCTH OTPAHUYMBAIOTCSA aAHAJTH30M  KIFOYEBBIX
nokazatesel. JlaHHbII TOIX0/1 TTO3BOJISIET BBISBIATH HEd(()EKTHBHOCTD B TOU
WIN WHOU ACATCIBHOCTH MPEANPUATHA, HO, HE ABJIAACH CUCTEMHBIM, UMEET
o011y MpoOJIeMy, 3aKITIOYAIONIYIOCS B TOM, YTO HAaXOIATCS MPOOIEMHBIC
30HBI, HO HE JaeTcsi KOMIUICKCHOTO MOHHUMAHUS TPHYMH TPOOTIEMBbI |
COOTBETCTBYIOIIEr0 KOMIIJIEKCHOTO ITOJIX0/1a K PELIEHHUIO TPOOIeMBI.

B mpoTHBOMOIOKHOCTH 3TUM METOAMKAM, B PAMKAX MOCTPOCHHS MOJICITH
HEM30€KHO MPOUCXOMAAT CIEAYIONHE MPOLECCh, OKA3BIBAIOLINE IMPIMOE U
KOCBEHHOE TIOJIOXKHTEIbHOE BIHAHUE Ha 3()(EKTHBHOCTH JESITENbHOCTH
MIPEATIPUATHS

4 ycTpaHeHue yOaupoBaHus QyHKITHIH;

4 IIOMCK y3KHX MECT,

4 BBLISBIICHUE 3aTPATHBIX LIEHTPOB;

¢ OILICHKAa Ka4yeCTBa BBIIIOJIHCHUS OTACIBbHBIX onepaunﬁ;

¢ KOJIMYECTBEHHBIC TI0KA3aTe M U30BITOYHBIX OTICPAIIHH;

4 TIOMCK BO3MOYKHOCTEH aBTOMAaTH3allUH;

4 OIICHKA BO3MOXKHOCTH BHEJIPEHHUS CUCTEM YIPABICHHS KAYeCTBOM;

¢ VHBEHTAPHU3ALUS 3HAHUI;

4 CTPYKTYpPHPOBAHKE M CHCTEMATH3aIHsI HH(OpMaIuH;

¢ hopmanm3aiyst ¥ TOKYMEHTHPOBAHUE 3HAHHI;

Kpome  Toro MO/ICTTUPOBAHUE OU3HEC-TIPOLIECCOB MO3BOJISIET
MIPOAHATM3UPOBATH HE TOJIBKO, KaK pab0TaeT MPENPHUATHE B 1IEJIOM, HO M KaK
OHO B3aMMOJICUCTBYET C BHEUIHUMH OpPTaHU3ALMSIMH, 3aKa34UKaMH U
NOCTAaBIIMKAMH, a TaK K€ KaK OpraHM30BaHa JEATENIbHOCTh Ha KaXIIOM
OTZAEJBHO B3ATOM padoueM Mmecte. MonenupoBaHie OU3HEC MPOIECCOB 3TO
BCer/ia BEpHBI CHOCOO BBISABICHUS TEKYHIMX MPOOJIEM Ha MPENIpUITHH U
npenBuneHuss Oymymmx. Kak pe3ynbrar TiyOOKHE CHCTEMHBIH aHAIH3
paboTel npennpusaTus B 90% ciaydaeB BeeT K yIydIICHHIO 3P (eKTHBHOCTH
paboTEHL.
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Bimmsinue MPOTEKMHOHACTCKAX MepP HA KOHKYPEHTHBIE O3HINA (PUPMBI
HA PbIHKE BHICOKOTEXHOJIOIHYHON MPOAYKIHU
Konenxkas E.A., Bonogun C.B., I'yakosa T.U.
MAMWU, r. MockBa

B monutnke mpoTeKIMOHN3MA CO CTOPOHBI FOCYJapcTBa Hanboliee 4acTo
MIPUMEHSIOTCS SIBHBIE MEPONPHSTHS — BBEICHHE TaMOXKEHHBIX Tapu(oB U
HEsIBHBIE — CYOCHIMpOBaHHE Ha pPAa3IMYHBIX ()a3aX >KM3HEHHOIO IIHKIIA
BBICOKOTEXHOJIOTHYHOM MPOrpaMMBbI 1 TpoekTa. OCHOBHBIE 0COOEHHOCTH Mep
MIPOTEKIIMOHU3MA U3BECTHBI N3 SKOHOMUIECKOH TEOPHH.

K mO3UTHBHBIM TOCIENCTBHSAM MOXHO OTHECTH IOJUICPKKY HOBOHM HIIH
CTpaTern4ecKd BAXHOM oTpaciu Ha (aze ee 3apokKICHHUS M POCTa,
MO0y XXKJCHWE K 3aMEIICHHI0O HMIIOPTa CO CTOPOHBI OTEYECTBEHHBIX
MIPOU3BOAUTEIICH B KPATKOCPOYHOM IIEPHOJIE.

K HeraTuBHBIM OCOOCHHOCTSIM OTHOCHTCS IEpEKJIafbIBAaHHE OpeMeHH
NOAJEP)KKH  Hed(p(PEeKTHUBHBIX TNPOM3BOMUTENEH Ha TOCYNapCTBO U B
KOHEYHOM MTOTe Ha OTCUSCTBEHHBIX MOTpeOuTeneit. B  moarocpounom
Meproie BO3MOXKHA TOTEPs] KOHKYPEHTOCIIOCOOHOCTH 3peNbIX OTpaciieil B
cllyyae OTKPBITHSI BHYTPEHHUX PHIHKOB WJIM HMOMIBITKH BBIXOJa Ha BHEIIHHE.
BBenenue NpOTEKIMOHUCTCKMX Mep TaKKe MOXKET CTaTh ITOBOJOM JUIs
B3aMMHBIX OOBHHEHUH ITPOM3BOANTENCH B HEJOOPOCOBECTHON KOHKYPEHIMH
1 cyIeOHBIX Pa30MpaTebCcTB Ha MEKAYHAPOIHOM YPOBHE.

Mopenupyercst cuTyauus B 3pesiof OTPaciy, MOJABEPKEHHON CUIBHOMY
BIMSHHUIO OTPACIEBBIX CTAHAAPTOB: IMPOXYKLIUS KOHKYPEHTOB OJHOPOJHA,
CTPYKTypa HX usfepkek Ommska. IlosTomy cTparernm LeHOOOpa3OBaHMS
TAaKXKEC ABIIAKOTCA CXOIHBIMH, a l'IOTpC6I/ITeJ'[I/I HC OTAarwT SABHOTO
NPeANOYTEHHs MPOAYKIMU KaKoro-nnbo u3 mpousBoautenei. Kpome storo
IpearnojaraeTcs He3aBHCUMOE IpPUHATHE (QHUPMaMH  CTPaTerHm4ecKux
pemeHnit (oTcyrcTBHE croBopa). IIpumMepoM MOXKET CIIy>KHTh CHUTyalus B
obnactn NIPOU3BOJCTBA IpaKAaHCKUX CaMoJICTOB KPYITHBIMA
MEXIYHapOAHBIMHU KOPIOpaIMsIMH. PaccMOTpeHo BIMsIHUE IPUMEHEHUST Mep
MIPOTEKIIMOHU3MA Ha KOHKYPEHTOCIIOCOOHOCTH NMPOAYKIMH TPH PA3THIHON
CTENeHN €€ TOCYIApCTBEHHOW MOJJepKKH. B KkadecTBe OmHON W3 rpymm
TIOKa3aTeNel, OKa3bIBAIOIINX MPSIMOE BIMSHHAE Ha KOHKYPEHTOCIIOCOOHOCTH
MIPOLYKINH, PAaCCMOTPEHBI KPUTEPUH WHBECTUIMOHHON 3((EKTUBHOCTH
BBICOKOTEXHOJIOTHYHOH MTPOTrpaMMBbI WK TIPOEKTA.
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Pacimupenne MeHTAIbHOM MO/Ie/IM OPTaHU3AIUHU ¢ IOMOIILIO
CILIeHAPHOT'0 MJIAHNPOBAHMUS
Kpenéga I'.B., ITnonckas H.1.
MI'TY I'A, r. MockBa

[Tpu pa3paboTke MEHTaIbHOW MOJIENH, BKIIIOYAIOIIEH B ce0s: TeKyluee H
Oynayiiee IOJIOXKEHHE KOMIIAHHMHM Ha pBIHKE; IOJIOXKEHHE CpEeau Jpyrux
YYaCTHHKOB pBIHKa (TO3UIIMOHUPOBAHUE); COCTOSIHIE BHYTPEHHUX PECYpPCOB
MPEANPHUATAN M WX OTPAaHWYEHHAX - BAXKHO IOMHHUTH O JWHAMHYHOCTH
MOJIETIH, T.€. TIOCTOSHHO €€ COBEPLIEHCTBOBATH W PACHIUPATh. JTO OYECHB
3G (PEKTUBHO MOXXHO CHEJNaTh C IIOMONIBIO CIEHAPHOTO IUIAHUPOBAHUSL.
@opmynupysl CcTpaTeruio, J00as KOMIIAHHSA CTPEMHUTBCS OCTaBaThCA
KOHKYypeHTOCTOCOOHOH. Oco0eHHO 3TO aKTyalbHO Ui CpeldHe- |
JIONTOCPOYHON cTpaTternu. Pa3paboTka TakKOH CTpaTeTHH OCIOKHAETCS
WU3MEHUYUBOCTBIO BHEIIHEW CPelbl, BIUSHUE KOTOPOU MOXKHO paccMaTpuBaTh
KaKk Makpo- M MHUKPOIKOHOMHUYEcKHe (akTopbl. VX HEIOOLEHKa MOXKET
NPUBECTH K HEXKENATENbHBIM ITOCIIECTBUIM IJIsl OM3HEca.

MakposKkoHOMHYECKHE (DAKTOPbl BKIIOYAIOT MOJHUTHKY, 3KOHOMHKY,
COIIMAIBHO-KYJIbTYpHYIO Cepy, 3Kosoruio u HopmartusHyo 0a3zy (PESTEL).
MukposkoHOMHYeCKHe — ompepensitorcs  Sto cuwiamu  M.Iloptepa:
MIeperoBopHasl CHJja IIOKyMaTenel, IIOCTABIIMKOB, TEKYIIMH YPOBEHb
KOHKYPEHIINH, yTpo3a MOSBICHHUSI HOBBIX YYaCTHUKOB KOHKYpPEHIUH, yrpo3a
TIOSABJICHUS TOBapoB-3aMeHuTeNeH. MccnenoBanne 3TuX (akTopoB BaKHO HE
TOJBKO Ha TEKYIIMH MOMEHT, HO M Ha IEPCIEKTHUBY, YTO SABJIAETCS OOraThiM
HCTOYHHMKOM JAHHBIX Al MPUMEHEHHsS METOJAA CIICHApHOTO IUIAHUPOBAHUSL.
Meron Obul paspaboran B 1960e rr. HedTsHOW kommnanued Royal Dutch
Shell. OH ornnyaeTcss OT MPOYMX BHIOB IUIAHHUPOBAHHS (IKCTPAIOJISINS,
aHaJIn3 YYBCTBUTCJIHLHOCTH, KOMIIBIOTEPHOEC MO)IeJ'II/IpOBaHI/Ie) TEM, 4YTO
MO3BOJISIET Y4YECTh KauyeCTBEHHBIE IIapaMeTphl BHEIIHEH Cpenbl, a Takxke
JKCIIEPTHBIE OLIEHKH. BCE 3T0 criocoOCTBYET CHUXKEHUIO HENpPeCcKa3yeMOCTH
BHEIITHEW Cpelibl M BRIPA0OTKE aJeKBATHOM CTpaTeru.

3a nociennue 50 €T B paMKax 3TOro MeTozaa copMupoBaIoch 3 HaydHBIE
HanpasieHus (mkoisl). MaTynTnBHas noruka (I'oyutannust) moxpasymeBaeT
MO3TOBOH IITYypM, Ka4eCTBEHHbIE METOJBI MCCIENOBAaHWN BHEUIHEH cpeipl,
OTIPOC 3KCIIEPTOB M AUCHUILUTHHHPOBaHHYIO WHTyumo. PMT (probabilistic
modified trends) (CIIA) ocHoBaHa Ha INIUPOKOM TPUMEHEHHH
MaTeMaTHYeCKUX MOJeNIell U Teopuil (Teopus BEpOSTHOCTH, MeTo] MoHTe-
Kapno, skcrpanomsiuus), cMmopenupoBaHHbix Ha OBM. La Prospective
(®pannus) couetaeT B cebe METOBI HHTYUTUBHON oruku U PMT.

HezaBucumo ot HpI/IMeHﬂeMOﬁ METOAOJIOI'MH BBIIICYKAa3aHHBIX MIKOJI,
CIIEHapUM pa3padaThIBAIOTCS COTJIACHO OIPENEIICHHOW JIOTHKE: BBISIBUTH
KIIIOUEBBIE ~ HEW3BECTHBIE  IapaMeTphl  BHEIIHEH  cpelsl, KOTOphIE
MaKCHMAJIFHO BIIHSIIOT Ha JIESTENbHOCTh KOMIIAaHUH; UCCIIE0BAaTh BHELIHIOK

261



cpeny, co3naB 0a3zy NaHHBIX Pa3IMYHBIX COOBITHIL; NMPOBECTH «aicOepr» -
aHaJIn3, T.C. BBIACIUTh U3 LCIIOYKHU COOBITUH TPECHABI, OIMPEACIUTD 63,303])18
SIBJICHUS, JISKAIMEe B OCHOBE 3THX TPEHIOB; c(hOPMHUPOBATH KIAacTephl Ha
OCHOBE 0a30BBIX SBJICHWH, BBISIBUB JABIXKYILYIO CHJIY KaKJOTO KJacTepa;
co3JaTh CIEHapUH C YYETOM IIPaBIONOJOOHOCTH M COBMECTUMOCTH
COCTAaBIIIONIMNX WX COOBITHH; MPOTECTUPOBATH TEKYIIYyI0 IO3UIIHIO
KOMIIAHHIO MO0 OTHOIIECHUIO K MOJIYYEHHBIM CLEHapHsM. Pe3ymbraTel TecTta
YKaXyT Ha cylabble MEeCTa B OPTaHM3aIMN JIESITEIbHOCTH KOMIIAHHUH, a TaKXkKe
MOMOTYT BBIPa0OTAaTh CTPATETHIO JAJBHEWIIEro pa3BUTHUA C YYETOM
TpSIAyIINX U3MEHEHUI BHEIIHEW cpenbl. [I[puMeHeHne cleHapueB pacLIupUT
TPaHULBl TPAJUIIMOHHON MEHTAJIbHON MOJENN OPraHW3alllU, YTO IMO3BOJUT
eil 0CTaBaThCs YCIEUTHON U KOHKYPEHTOCIIOCOOHOIA.

OnTuMU3anMs CTPaTeruu TOBAPHO-COBITOBOI aTaNTAlMH ABHALIMOHHOI
TeXHUKH K ITMHAMHMKE PbIHKA
Munomanosa O .A.
MAMU, r. MockBa

B Hacrosiee BpeMst 0Te4eCTBEHHBIH BEPTONETHBIN MapK XapaKTepU3yeTcs
MaJIOH J0JIeii HOBBIX M MOJICPHU3HPOBAHHBIX BEPTOJICTOB, HU3KUMH TEMITaMH
paboT mO MOAEepHU3AIMH W CO3JAHUIO HOBBIX OOpPa3loB, (QH3MUYECKUM
W3HOCOM M MOPAJIBHBIM CTapeHHEM, a TaKKe BEChbMa OIPaHWYEHHBIM
00BEMOM 3aKyIOK HOBBIX BepToneToB. Ilo mamaeiM Ha 2009 1. B aBHManuu
MunucrepctBa O6oponsl (MO) u npyrux denepanbHbix BeTOMCTB n3 1443
Beprosi€éToB, 1380 (95,6%) cocraBnsatoT ycrapesmiwe, 37 em. (2,6%) —
MOJIepHH3UPOBaHHbIE U TOJIBKO 25 ex. (1,8%) — HoBBIE.

C menpio pemeHus MPOOJEMBl  ONTHMHU3AIMK  TOBAPHO-COBITOBOM
ajanTanUyd K PHIHOYHBIM YCIIOBHSIM BEpTOJIETHOTO mapka Poccum B xoxe
paboThI MOCTABIEHBI 3a1a4n: |) IpoaHATM3UPOBaTh KOHKYPEHTHOH Cpesbl, 2)
OIIPEIETNTh BO3MOKHOCTH M EMKOCTD PBIHKA OT€YECTBEHHBIX BEPTOJIETOB, 3)
pa3paboTaTh M ONTUMH3UPOBATh TOBAPHO-COBITOBYIO CTPATETHIO AIAIlTALIUH
aBHAIIOHHOW TEXHUKU K HECTAOWJIBHBIM yCIIOBUSIM BHELTHEH CpEIbl.

OCHOBHBIMH TOTPEOUTEISIMU BEPTOJETHBIX yCIyr B Poccum SIBIAIOTCS
npennpusaTHs HedrerazoBoro komiuiekca (HI'K) Ha momio KoOTOpBIX
npuxomurcsi  Oojiee  TOJOBMHBI  (DU3UYECKOTO  HajleTa  BEPTOJIETOB.
COOTBCTCTBCHHO, YCJIOBHS BBIIIOJIHCHUA TIEPEBO30K B HHTEpPECAX OTUX
3aKa34MKOB OyAyT BO MHOTOM OIPENENsTh CTPYKTypHblE H3MEHEHHUS B
MIEPCIIEKTUBHOM TTapKe BEPTOJIETOB.

Jlist pemieHusl MOCTaBJICHHBIX B CTaTbe 3ajgad HCIOJIB30BAHBI METOIbI
CTaTHCTHYECKOTO M KAueCTBEHHOTO aHaJM3a, a TaK J>X€ HHCTPYMEHTBHI
CTPaTernvecKkoro MapKeTHHra. Ha OCHOBE METOZOJIOTHH JIE€KOMITO3HINH
MOKa3aHa 3aBUCHMOCTh 00beMa cIipoca (pUHATBHOTO M3JEeNus (JIeTaTeIbHOTO
amnmapaTa) OT KadecTBa KOMIUIEKTYIOIINX M3AENHiH (B JaHHOM KOHTEKCTE -
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neurareneit). B xoxe uccnenoBanus npoBenéH SWOT u PEST ananuzsl
MHUPOBOTO PHIHKA BEPTOJIETOB Ha 0a3e KOTOPBIX OMpeiesieHbl ePCIEKTHBHbIE
BO3MOXHOCTHU TPOABMKEHUSI MHOTOIIENIEBBIX BEPTOJIETOB CPENHETO Kilacca.

VYkazaHsl TpeOOBaHUsS, KOTOPHIM HEOOXOIUMO CIICJIOBAThH TPU pa3pabOTKe
CTpaTeruy aJamnTallii TMEepPCHNEKTUBHBIX aBHALIMOHHBIX KOMIUIEKCOB BCEX
KIIAaCCOB W Ha3HaueHWH. Pa3paboTaHa KOHIENIHMS TOBAaPHO-COBITOBOM
OIITHMU3AINA CTpaTeruu aJanTanuu MPOAYKIINH aBHALIMOHHO-
MPOMBIIIICHHBIX TPEANPUATHHA B YCIOBUSAX HECTaOWILHOW BHYTpPEHHEH H
BHEILHEN Cpeapl.

BaxxHO OTMETHTB, YTO TpEACTaBICHHAs TOBAPHO-COBITOBAS CTPATETHA
aJanTanuy TpeAHa3HA4YeHa I [eJed CTPATerHYecKOro IUIAHUPOBAaHHUA WU
JOJDKHA YTOYHSITHCS TPH NPOpabOTKE KOHKPETHBIX MPOEKTOB C YYETOM HX
KOHKYPEHTOCTIOCOOHOCTH Ha Pa3IMUHBIX CETMEHTaX PhIHKA.

@opMupoOBaHNe MOKA3aTeJs M0Je3HOCTH B CTOMMOCTHOI MoJeau
ABHANIMOHHOI'0 KOMILJIEKCA BOEHHOT0 HA3HAYEHUSI
Muxaiinos K.E., JIazankos H.M.

MAM, r. MockBa

Ilenmpto  CTOMMOCTHO-OPHEHTHPOBAHHOTO  YNPABICHUS  KOMITAHHEH
SIBIISIETCS] yBEIMYIECHUE €€ CTOMMOCTH. YacTh CTOMMOCTH 3aBHCUT OT CTETICHH
YIIOBIIETBOPEHHOCTH MOKyTaTeNed — MoTpeOuTened KOHEYHOrO MPOIYKTa.
KoHeYHBIM NPOIYKTOM NPOEKTa MO CO3JAHUIO ABHAIIMOHHOTO KOMILIEKCa
BoeHHoro HasHaueHus (AK BH), saBmsercs cam AK, ymomnerBopsrommit
BOCHHO-TEXHUYECKUM u BOEHHO-9KOHOMHYECKIM TpeOOBaHUAM.
CoBOKYITHOCTh BcexX TpeOoBaHuWil, mpenbsBiseMbix kK AK (B Tom umcne n
3aJ]aHHBIX TAKTHKO-TEXHHYECKUM 33JaHHEM), XapaKTepU3yeT ero IeHHOCTh ¢
TOUKM 3peHus 3aka3uuka. ClefoBaTeNbHO, MPUOPUTETOM KOMIIAHUU-
WCIIOJTHUTEIIS TIPOEKTA SIBISIETCS TIOBBIIEHNE 3ToM neHHocTH AK.

PaspabatreiBaemast crommoctHas wmoaens AK BH sBnsercs Mmonenspro
KOHEYHOTO IIPOJYKTA M YYHTHIBAET TEXHUYECKHE W HKOHOMHUYECKHE
TpeOoBaHus, MPEABABIAEMbIE K 00pa3liaM aBHAIlMOHHON TEXHUKH BOCHHOTO
naznaueHuss (AT BH). Ilokazarens mnonesnoctn (III1), BXoasmmii B
CTOMMOCTHYIO MOJIEJIb, HHTETPUPYET MOKA3aTeNH TEXHHYECKUX TpeOOBaHMH
(TT). Yucnennoe 3HaueHue IIII roBOpUT O CTENEHH COBEpIICHCTBA WIN
HECOBEPIICHCTBA MPOAYKTA, XapaKTEPHU3yeMOT0 COOTBETCTBHEM ITOJTyUCHHBIX
pe3yIbTaTOB OTHOCHUTENBHO 3aJaHHBIX. MeToJ OompeaeseHus IOJEe3HOCTH
obpasna AT BH ocHoBaH Ha TeopuM NOTPEOUTEIHCKOTO BHIOOpa, Iae
0a3ucoM BBICTYNAeT aHaIW3 KPHUBBIX Oe3paznuuus. DyHKOUS IOJIE3HOCTH
mpeacTaBnsier coboilt Qopmyiy oOIiel IMoJIe3HOCTH, COOTBETCTBYIOILYIO
Habopy TT, mpempsiBiseMblx K oOpasmy AT. Takum oOpa3oM, IeneBbIM
HasHauenueM [1I1 sBisercss Makcumm3anus monesHoctu obpasma AT 3a cuer
YBEIMYEHUS €T0 MPeebHOM MOJIE3HOCTH, TO €CTh — MOBBIIMICHHE IIEHHOCTH

263



KOHEYHOI'0 IMPOAYKTa. DTO B CBOIO OYepenb, ONpenenseT MPaKTUYECKYIo
3HaunMocTh [1I1. SABmsisick 06pa3omM KOHEYHOTO MPOAYKTa, C CAMOTO TMIEPBOTO
dTama peanusanuu npoekrta, IIII 3amaeT ypoBEeHb TEXHHUUYECKOTO
COBEpILIECHCTBA NPOAYKTa. A CTpeMIIeHHE MPEB30HTH H3TOT YpPOBEHb
(TIOBBICUTH ~ IIEHHOCTH ~ TPOJYKTa)  CHOCOOCTBYET  «BBITSTHBAHHIO)
WHHOBAllMOHHBIX pelieHuil. B koHeuHoM wurtore croumocTtHas mozaens AK
MO3BOJIMT OIpPENEIUTh HE TOJBKO IMOJE3HOCTh PELIEHUuH, HO M HX
SKOHOMHUYECKYIO 3(h(HEeKTUBHOCTB.

Touno onucate BiusHUE ogHOro TT Ha Ipyrue B CBSI3U CO CIOXKHOCTBIO U
MHOTOTPAaHHOCTHIO TEXHHYECKHX CHCTEM H (PH3HYECKHX IIPOILECCOB
NIPEACTABISAETCS BECbMa pOoOIEMATHIHBIM. ITosTOMy
Heopmanm3upoBaHHOW dYacThio MeTona ¢opmupoBanus [II1  sBisercs
SKCIIepTHas OlleHKa. B kauecTBe MaTeMaTH4eCKOro ammapara Jijisl ONHUCaHUs
MU OIICHKHU 3aBUcHUMOCTH BeauduHbl [II1 oT BennuuH BkiaamoB kaxkaoro TT
(3HAUMMOCTH) ® WX I[IOKAa3aTeled WCIONB3YeTCS PETPECCHOHHBIA U
KOPPESIIMOHHBIN aHanu3bl. [Iporiecchl MpoBeaeHUs] KCIEPTHON OLEHKU U
HapaOOTKU CTATHUCTUYECKUX JAaHHBIX, ampoOarus monaenu mone3Hoctu AT
BH sBnstroTes cienyrommu dtamamu padot mo ¢popmuposanuto I11.

MeTo/ OlIeHKM HHHOBAIIMOHHOI AKTHUBHOCTH ABHAIIMOHHOTO
NpeAnpUsITHSA
Morxkano [1.B.
MAMW, r. MockBa

Ha CeFOI[HHI_HHI/Iﬁ J€Hb HET YCTKUX KPUTCPUAIBHBIX IIOJAXOJ0B K
BBIJICJICHUIO WHHOBALIMM, a TaK K€ OLEHKE WX BIMSHHUSA Ha JESTeNLHOCTDH
MIPEANPUATHA. DTO OCOOCHHO Ba)XKHO JUISl aBHAI[MOHHBIX TPEINPHUITHHA, B
KOTOPHIX WHHOBALMK SIBJIAIOTCSL OJHMM M3 pelIalomuxX (aKkTopoB HX
COBPEMEHHOTO pa3BuTHs. Hibke IpeiioxKeH HOBBIH MOJIXO0M K PEICHUIO STOH
TIPOOIIEMBL.

B oTeyecTBeHHON NMPaKTHKE TEPMHUH «AHHOBALMSD) IPOYHO aCCOLHMUPYETCS
C HOBBIM WJIM YJIy4YIICHHBIM HPOAYKTOM, HPHHOCSIIMM OIPEIEICHHYIO
SKOHOMHYECKYIO (WiH JIt00yIo npyryio) Beromy. Ilo cyrw, oredecTBeHHAs
NpaKTHKa 0a3upyeTcst Ha MOHATHN «MHHOBALMM» Kak ToBapa. JlaHHbIA 6a3uc
(«MHHOBAIMS» - MPOIYKT) HE COBCeM BepeH. bosiee MpaBUIBHBIM SBISETCA
Mmo3umus 3alagHbIX Y4YC€HBIX K IIOHATUIO «WHHOBAlUA», OIIMCaHHas B
«PyxoBonctBe Ocnoy», TOe «UHHOBAIMS» BOCIPUHHMAETCS Kak Ipolecc
BBEICHUsI HOBOTO TIPOJAYyKTa B YyHOTpeOieHHe. ITO MpPEAIoIoKEeHHE
KapJIUHAIGHO MEHSET, BCE BO3MOJKHBIE MOIXOJbI K OIIEHKE WHHOBALIWH.
Cunraro, 9T0 B paMKax ITaHHOTO BOCIPHSATHS, «MHHOBALHWIO» HEOOXOANMO
OLICHUBATH C MOMOIIBIO THHAMUYECKAX MOJENEi, CO BCEMH CTPYKTYPHBIMH
MOCTPOCHUSMH U XapaKTePUCTHKaMH ITapaMeTPOB TAKUX MoJieliell (TOYeqHbIe
OLICHKH, OTKJIOHCHUS U T.11.).
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Jisi BBIpaOOTKHM HACTOSIIMX MOJENeH, Ienecoo0pa3HO paccMaTpHBaTh
«VHHOBAILIMIO» B KOHTEKCTE paccMOTpeHHs ku3HeHHoro 1mkmna (OKII)
WHHOBALMOHHBIX IPOXYKTOB, IMpPH 5TOM HEOOXOIUMO, JE€TEePMHUHHPOBATH
TIOHSITHE WHHOBAIMOHHOTO MPOJyKTa. B paMkax mccienoBaHust HEOOX0ANMO
BBIIENUTH Ha KaxaoM dtare XKL coOcTBeHHbIe moKa3aresnn d()GEeKTHBHOCTH
«WHHOBAIlMW», a Jaliee CUCTEMHO TOJOWUTH K CBEPTKE 3THUX IOKa3areiei B
OIIMH WJIA HECKOJIFKO PEJICBAHTHBIX KpHUTepueB. JKU3HCHHBIA IMKII CIEIyeT
JIenmuTh Ha 7 OCHOBHBIX JTamoB: Mmesi, Pa3paborka, Buenperme, BBox
MPOAYKTa Ha PBIHOK, PocT, 3penocts n Ymagok. Ha kaxkaoM ux 3THUX 3TamoB
OynyT ¢opmHupoBaThCs CBOM KpuTepun JS(PGEKTUBHOCTH, a TaK Xe
MMOKa3aTeNN PUCKa WHHOBAIMOHHOW AeaTenbHOCTH. OCOOEHHOCTBIO MaHHOM
CHUCTEMBI CJICAYET BBIACIWUTL BJIHUAHUEC OLCHOK, IOJYYCHHBIX Ha paHHHUX
Jranax, Ha mocienyrouie nokasarend. MakTUYeCKH KakIblil HOBBIA 3Tall
OyZeT KOppeKTHpOBaTh OIEHKY 3(¢(deKkTa HHHOBAUUH. ITO IMO3BOJHT
MOCTPOUTh U OLEHUTHh IPQPEKTUBHOCTH IIpollecca WHHOBALWH, C OIEHKOW
JIOBEPUTENBHBIX ~ HMHTEPBAJOB,  IOKa3bIBAIOIIMX  pa3dpoc  HCXOJ0B
WHHOBALMOHHOH NeATeNILHOCTHU JUISl TIPEIIPHUSTHSI.

BaxHo 3aMeTHTh, «MHHOBAIWs» HeceT B ceOe HE TONBKO IMPsAMOe, HO H
KOCBEHHOE (CKpBITOE) BO3JICHCTBHE Ha TIPSATIPUATHE, STO TE HABBIKU, YMEHHS
3HAHUS, KOTOPBIC TMONydJaroT pPaOOTHUKK TPEANpPHUATHS H  KOTOPHIC
NPUMEHSIOT B ONEPALMOHHON JesATenbHOCTH. HacTosumii acnekT AOJKeH
AQHATM3UPOBATECA C TOMOIIBI0 KOPPEIAIHNOHHO-PETPECCHOHHOTO aHan3a
nokKazaresnei s dekTuBHOCTH NOJIpa3ieeH i NPEATIPUSITHS,
COIPHKACAIOIIMXCS C TPOLECCOM HWHHOBAaIMU. JlaHHBIA 3PQeKT craemyer
paccmarpuBaTh, AaXe B CIIydasx, KOTJa MPEIIpHATHE YK€ OTKa3ajloCh OT
WCII0JIb30BaHUsI THHOBALIMOHHOTO MPOIYKTA.

IIpuMeHeHNe CLICHAPHOT0 MJIAHUPOBAHMA IS pa3padoTKU CTPaTeruu
pa3sBUTHA HU3KOTapU(HOIl aBHakoMnannu B P@
ITnonckas H.H.
MI'TY I'A, r. MockBa

JUI WUTIoCTpalM METoJa CLEHApPHOTO IUIAHWPOBaHMS Oblia BBIOpaHa
poccuiickass HU3KoTapu(Has aBuakoMmaus. [Ipu pa3paboTke crieHapues,
ObIIM NpPOBEHEHBl CIENYIOIIUE HCCICHOBAHUA: aHalu3 Makpo- H
mukpodakropoB BHemHed cpensl (Meronasl PESTEL u 5 cun Iloprepa),
aHanu3 BHyTpudupmenHoii cpeasl (meroasl SWOT u nenodka neHHocteit).

PesynpraTom siBUiCS OousibIIoi HaOoOp COOBITHH, KOTOpBIE, B CBOIO
o4epeib, TO/IBEPTIINCH «aicOepr»-aHaIn3y ¥ ObUIH KIacCH()UIIMUPOBAHBI Ha
HEHM3BECTHBIE U MTPEAONPEIEIICHHBIE COOBITHSL.

[MpenonpeneneHHBIMI COOBITHSAME OBUTH BBIOpaHbI: BCTyIieHHE PP BO
Bceemupayro ToproByto opranuzanuio (WTO), BBeneHHe CXeMBl TOPTOBIH
KBOTaMH Ha BBIOpockl B aTtMmocepy mamokcmma yraepoma (ETS).
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HewusBecTHRIMU MapaMeTpamMu SIBUJIUCH: WHEPIHsI aBUAIMOHHBIX BJIacTel Ha
NOTPEOHOCTH aBHaOU3HECa U M3MEHEHUS Ha PHIHKE aBHAIIMOHHBIX YCIYT WA
Ke ToTHas MOJJIEPKKa u MPOTEKIIMOHU3M OTEYECTBEHHBIM
aBUAIPEANPUSITHIM.

Ha 0a3e yka3aHHBIX TOMyIIEHUH OBUIO pa3paboTaHo 4 crieHapus Oy Iymiero
pa3BuTHs cOOBITHI BHemHe#H cpensl. Kaaplii M3 clieHapueB BKIIIOYACT B
ce0s TpeorpeeieHHbIe COOBITHA U TI0O OTHOMY HEU3BECTHOMY IMapaMeTpy.
CueHapuy yIOBIECTBOPSIOT KPUTEPUIO TMPABAONOIOOHOCTH M JIOTHYECKON
COBMECTHMOCTH COOBITHII, COCTABIAIONINX ClieHapuid. Hu onnH U3 cueHapreB
Oyaymero He  SBISETCS  TONBKO  ONAarompHATHBIM WM TOJBKO
HEONMArONPHUATHBIM JJIsl IESTEIFHOCTH aBHAKOMIIAHHWH, YTO TAKXKE SBISETCS
KpUTEpUEM KauecTBa CO3/IaHHBIX CIIEHApHEB.

Jlanee Kaxaplii U3 CIIEHAPUEB MPOAHATM3UPOBAH MO KPUTEPHIO «PUCK —
NpUOBLIbY, PACCMOTPEHBI OCOOEHHOCTH KaXJIOTO ClieHapHus (OarornpusTHbIC
Y HeTaTUBHBIC (DAKTOPHI), a TAKKE KITIOUEBBIC (DAKTOPHI ycriexa U TPYTHOCTH,
C KOTOPBIMU MOXKET CTOJIKHYThCS HU3KOTapH(HAS aBHAKOMIIAHUS.

B pesympTare CIICHApHOTO IUIAHUPOBAaHUS JUI  HU3KOTapuHOU
poccuiicKold aBHaKOMITAaHWH OBUIO  pa3paboTaHo 2  KH3HECTIOCOOHBIE
CTpaTeTUH Ha CpelHe- W JOJITOCPOUYHYIO MEPCHEKTHBY, a TaKKe CICIaHO 2
BaXHBIX BBIBOJIA ITO0 TIOBOAY (DYHKIMOHHWPOBAHUS JaHHOW OM3HEC-MOJICIH B
YCIOBHSX POCCHHCKOTO aBHATPAHCIIOPTHOTO PHIHKA.

Yuer aeiicTBusA (pAKTOPOB PHUCKA B NPOIECCe IKCILIYATAIUH 3JIEMEHTOB
Ha3eMHOIl HHPPACTPYKTYPbI KOCMHYECKHUX NPOEKTOB
[Mo6upyxuna E.B., Kypasckuii B.B., Henoaitno H.IO.

MAMWU, Yuausepcurer PAO, r. Mocka

CoBepIeHCTBOBaHHE Ha3eMHOH HHPPACTPYKTYPbl KOCMHYECKUX MTPOEKTOB
B HAlpaBJICHUH IIOBBINICHUS €€ 3KOJIOTHYECKON YHCTOTHI CIEIyeT CUMTAaTh
OMHOM W3 caMBIX BaXHBIX 3aJad COBPEMEHHOTO JTala KOCMHYECKOU
JeATeNbHOCTH. [l OIEHKN COOTBETCTBYIOIINX PHCKOB MOTYT IPUMEHSTHCS
pasnuuHble MeTOAbl. MHOTHME W3 HHX YXKE pPEaJn30BaHbl Ha YPOBHE
MIPOLEAYp, HCIOIb3YEMbIX B aBTOMATH3MPOBAaHHBIX CHCTEMax MHOIJEPIKKH
TIPUHATUS YTIPABIEHYECKUX perieHnH. OIHAKO TEXHHKO-3KOHOMHYECKHE U
9KOJIOTO-9)KOHOMHUUYECKHE  COCTAaBJIIOIIME  TaKUX  HpPOLEAYp  4acTo
METOJIMUECKH He OOBEIMHEHBI, YTO CHHXXAET TOYHOCTh COOTBETCTBYIOIUX
SKOHOMHUYECKUX OILIEHOK.

C uenplo pemieHus] yKa3aHHOW NPOOJIeMbl BBINTOJHEHO HCCIEI0BaHuUE,
HAIlPaBJICHHOE Ha Pa3pabOTKy CUCTEMBbl, 00ECIEUUBAIOIEH BO3MOXKHOCTD
000CHOBaHHMSI TOKazaTeJeld HaleKHOCTH IPHUPOJO0OXPAHHBIX TEXHOJIOTHH,
WCIIONIB3YEMBIX TPH SKCIUTyaTallil OOOPYMOBAaHMS, BXOISIIET0 B COCTaB
Ha3eMHOW MH(PACTPYKTYPHI KOCMUYECKUX ITPOEKTOB.
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Pa3zpaboTaHa  3KOHOMMKO-MaTeMaTH4ecKass MOJENb,  I03BOJISIOMIAs
MUHMMHU3HPOBAaTh  COBOKYIHBIE  HM3AEPKKH  IIpollecca  AKCIUTyaTalluu
yKa3aHHBIX ~ CHUCTeM, OOYyCJIOBIICHHBIE  OJHOBPEMEHHBIM  JieficTBHEM
TEXHUYECKHX U IKOJOTMUYECKHX PUCKOB. C HCHOIB30BAaHUEM STON MOIEIH,
peayn30BaHHOM Ha YpOBHE MaKeTa KOMIIBIOTEPHBIX NPOrpamMMm, MPOU3BEAEHA
OLICHKa M BBHIITOJHEHO OOOCHOBAHHWE BEIMYMHBI AKCIUTyaTAIlMOHHBIX 3aTpart,
MO3BOJISIIOIINX MaKCHMaJIbHO CHU3UTH Harpy3Ky Ha OIO/DKET IpOoeKTa ¢
y4EeTOM HEOOXOANMOCTH KOMIEHCAIMOHHBIX BBIIUIAT 33 NPHUYMHEHHBINA
MIPOEKTHON  JEATEIBHOCTHIO OSKOHOMHYECKHH ymepO OT 3arpAa3HEHHs
OKpYXarole IpUpOAHON Cpelbl.

B Hactosimee BpeMms BBHINOIHSETCS HCCIENOBAaHME, HANPaBIEHHOE Ha
UHTErPAIMI0 TaHHON Mojen B 00OOIIEHHYI0 MOJENb YIIPaBICHHUS PHUCKAMU
KOCMHMYECKHUX IIPOEKTOB.

AHATU3 M AUATHOCTHKA NPHYHH KPHU3UCA HA MPeInpUATUAX
aBHAIMOHHOM MPOMBIIIJIEHHOCTH
IManarymmn B.I1., Jlrotep E.B., Cemenos I1.H., UBanucos B.1O.,
I'ycaposa 1O.B.
MAM, r. MockBa

PaccmarpuBaeTcsi OpUTMHAIbHBIA ABTOPCKUH METOX MPEAYHNpPEKICHUS
SKOHOMHUYECKUX KPH3HCOB Ha MPEANPUATHAX aBHALMOHHOM
MIPOMBIIUICHHOCTH. [IpennoskeHHbIH MOAXOA IO3BOJIET ONPENCIUTh BHUI
JEeATENIbHOCTU TPEINPHSITUS, NPUBOSIIMNA K BO3HUKHOBEHHIO YOBITKOB M
BIMSIOIIMI  Ha  yXyalleHHe (UHAHCOBO-DKOHOMHYECKOTO — COCTOSHHUS
npennpuaTii. OCHOBa MeTOJa 3aKJIIOYAeTCs B CpPaBHEHHMHU IOKa3aTesel
PEeHTa0EIBHOCTH IS TENBHOCTH NPEANPUSTHS CO CPEHUMH TIOKA3aTEISIMH 110
OTpacid M pacyeTe HaJOrOBOM OTHAYH OT MAEATENbHOCTH MNpPeaNpUATHil,
MMEIONINX TPU3HAKA yXYyIICHNUs (PUHAHCOBO-3KOHOMHYECKOTO COCTOSIHUSL.
3¢ GeKTHBHOCTHIO MPEITIOKEHHOTO METOA SIBISIETCS pacdyeT BBIINAJafoOLIero
noxoja u3 Oromkera cyobpekToB Poccniickoit denepannu.

CoBpeMEHHOE COCTOSIHHE€ POCCHHCKOW TPOMBINUIEHHOCTH TpedyeT
pa3paboTku 3 HEKTHBHBIX METOIOB aHTHKPHU3NUCHOTO YIIPABICHHUS, OCHOBOMH
KOTOPBIX JOJDKEH OBITh HEMpPEPhIBHBIH MOHMTOPHHI OCHOBHBIX IOKa3aTeleh
(YHKIMOHMPOBAHUST TNPENIPHUATHIH. 3a TMOCIHeTHHE TOIbl IO-IIPEKHEMY
NPOJIOJDKAETCS] POCT YHCNIA YOBITOUHBIX TMPEINPUITHII B MPOMBIIUIEHHOCTH.
YOBITOYHBIE TPEANPUSITHS TOPMO3SAT Pa3BUTHE SKOHOMUKH, HEI(D(PEKTHBHO
UCIONb3ysd 3€MENIbHblE M JHEPreTHMYecKHe pecypchl, KpoMe TOro,
MIPEICTABIAIOT “TIMTATEIbHYIO Cpeay’ IS HeAPY>KECTBEHHBIX MOTJIOMIEHUN U
3aXBaTOB, a TaKXKe CIyXaT yJOOHOW (OpPMOW TPHUKPBITHS ISl TEHEBOW
skoHOMHUKH. [losTOMy B HacTosimiee BpeMsl BO3HHKAaeT NOTPEOHOCTH B
pa3paboTKe ONEepaTUBHBIX METOMOB aHAIN3a (PUHAHCOBO-IKOHOMHYECKOTO
COCTOSIHHSI ~TPEANPUSATHH HPOMBINUICHHOCTH C Yy4YETOM OTpacieBOH
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NpUHAISKHOCTH. [Ip 3TOM pelieHHe NpoOJIeMbl COKpAIEeHUs] 4YHCIa
yOBITOYHBIX M HHU3KOPEHTAOENbHBIX NPENIPHUITHI Takke SBIsETCS 0C000
Ba)KHBIM JUISI IONIOJTHEHHUSI OI0OPKETOB BCEX YPOBHEH.

Jist  TeKkymero MOHHMTOPHHIa (DPMHAHCOBO-DKOHOMHYECKOTO COCTOSHUS
ABHAIIMOHHBIX MTPEANPHUATHH HaMH HpeaIaraeTcs SJKOHOMHYECKUH MEXaHU3M
YCTAaHOBJICHHS BUIA YOBITOYHOW JIEATEIBHOCTH W TPUYMH KPH3HUCHBIX
CHTyallMii Ha aBHALMOHHBIX MNPEANPUATHAX II0 JaHHBIM OyXraiTepcKoi
OTYETHOCTH.

OnHUM H3 UTOTOB MPUMEHEHHS JKOHOMHYECKOI'0 MEXaHW3Ma AUarHOCTHKU
HHU3KOPEHTA0EIbHBIX U YOBITOYHBIX POMBIIIIEHHBIX MIPEANPUATHI SBIISETCS
BBIBJICHHE TPEINPUATH, U1 KOTOPHIX HEMOCPEICTBEHHBIMH NPHYMHAMH
HU3KOH PpEHTA0eNbHOCTH W YOBITOYHOCTH CTAHOBUTCS WHHOBAaLMOHHAS
JeSTENIbHOCTB! MOJICpHU3ALIHS TEXHOJIOTNYECKHX IPOIIECCOB,
nepenpoINpOBaHUe, OpPraHU3aIMsi MPOU3BOJICTBA HMIIOPTO3aMEHSFOLICH
MIPOIYKINH, OOHOBIICHWE AKTUBHOM YacTH OCHOBHBIX (OHIIOB, CO3/1aHHE
HOBBIX pabOYMX MECT M JIp., TO €CTh TeX NPEINPHUITHH, KOTOPbIE MOTYT
000CHOBaTh  BpEMEHHBbIE  HHU3KYI0  PEHTAa0EIbHOCTh U YOBITKH
WHHOBAIIMOHHBIM XapaKTepOM CBOEH JIeITeIBHOCTH.

[pemaraemplii MOAXOA K  JHATHOCTUKE HU3KOPEHTAOCIBHBIX U
yOBITOYHBIX HPOMBINUICHHBIX NPEINPHATHH IO3BOJUT ONPEICIUTh «Y3KHE
MecTa» (QYHKIHMOHUPOBAHUS IPEINPUATHS I pa3paboTKU MEPONPUATHIL 110
YCTPaHSHUIO KPU3UCHBIX CHTYaLUH.

CBoeBpeMeHHasi JIMarHOCTHKa NPUYUH Hed(D(PEKTHBHOU JeATEIBHOCTH
NpPEeANpPUSATHH aBUALMOHHOM NPOMBIIIIEHHOCTH ITO3BOJIUT 3KOHOMHYECKH
HECOCTOSITENILHBIM TPEANPUATUSAIM pa3paboTaTh HporpamMmy (HUHAHCOBOTO
O3/IOPOBJICHHS, HAIpaBICHHYI0O Ha JUKBUAAIMIO KOHKPETHBIX IPHYMH
yOBITOYHOCTH.

Hccnenosanue MeT01010rHYE€CKHX OCHOB (DMHAHCOBOM YCTOHYMBOCTH
HAYKOEMKHX KOCMHUYECKHUX IIPOEKTOB
CunantseBa E.A., 3yesa B.B., Kopynos C.C.
MAMWU, r. MockBa

ensto  paboOTBl  ABISIOCH  WCCIEJOBAaHWE METOAOB  JHArHOCTHKH
(DMHAHCOBOTO  COCTOSIHUSI HAYKOEMKHX KOCMHYECKHX IPOEKTOB H
METOAOJIOTHYECKUX OCHOB OIPEeNICHHS 30H YCTOHUYNBOCTH IPOEKTOB.

Ha mnpaktuke mpu pa3paboTke IPOEKTOB CYIIECTBYIOT JBa OCHOBHBIX
mojaxoja K ydery (hakTopoB pHcKa M HeompeaeneHHocTH. [IepBelii M3 HUX
CBSI3aH C NPEABAPUTENBHBIM YIIOPAJOUYCHUEM CLIEHAPUEB PA3BUTUS MPOEKTA U
BEIOOPOM Ha 3TOH OCHOBE «CTapTOBOTO» BapHaHTa, TOTrJa Kak (haKTOpHI
HEONPE/IEIEHHOCTH YYUTHIBAIOTCS NP (OPMUPOBAHHH HAPaMETPOB 3TOTO
cueHapus. [lpm 3TOM cliegyeT OpPHEHTHPOBAThCS Ha  yMEPEHHO-
MIECCUMHUCTHYECKNE 3HAYECHUS MapaMeTpoB, MpeayCcMaTpuBas pa3HOTO poia
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pe3epBbl (BKJIIOYass ¥ (QUHAHCOBBIC). BTOpOH MOIXOA HCIONB3YeT OSTH
CTapTOBBIEC OICHKH JJIs YIIPaBICHUS PUCKAMH IIPU pa3paboTKe MEpONPHUITUI
110 YMEHBIICHUIO UX B X0JI€ pean3aliy IPOeKTa.

Takum 00pa3zoM, mpolecc MUATHOCTUKH COCTOSIHUSI TPOEKTa SIBIISIETCS
KOMIUIEKCHBIM, €r0o Ba)KHOCTb COCTOMT HE TOJBKO B HEOOXOAWMOCTH
WCCIIEIOBAaHNUS PHUCKOB, HO M B pa3pabOTKe M CTOMMOCTHOW OILIEHKE Mep
60pHOBI C BBEISIBICHHBIMHI PHCKAMH yCTOHYMBOCTH TIPOEKTA.

JUisi omeHKHM yCTOWYMBOCTH W 3(GQEKTUBHOCTH TPOEKTa B YCIOBHIX
HEONPEIENEHHOCTH TPEIaraeTcs HCIOIb30BaTh CIEAYIONINE METOMBL:
YKPYTTHEHHYIO OIIEHKY YCTOWYMBOCTH; pacueT ypoBHEH 0e3yOBITOYHOCTH;
METOJ BapHalMM MapaMeTpoB; OIEHKY oxumaeMoro sddexra mpoekra c
Y4eTOM KOJMYECTBEHHBIX XapaKTEPUCTUK HEOMPEIEICHHOCTH.

Metoapl, TpUMEHSEMBIE [UI1 aHalW3a COCTOSIHUA TIPOEKTa, €ero
YCTOIUMBOCTH MOYKHO Pa3feiUTh Ha KaueCTBEHHBIE M KOJIMYECTBEHHBIE.

KavecTBeHHBIIT aHATN3 IPOBOIUTCS Ha CTaUK pa3pabOTKH, 00s3aTeIbHOE
NIPEIBApPUTEIIEHOE KOMILJIEKCHOE HCCIEJOBaHHE HAYKOEMKOro IpPOeKTa
TO3BOJISIET MTOJTOTOBUTH HH(MOPMAIIHIO /IS Hadasa paboThl Hajl €ro pHCKaMHu.
B mpomecce kauecTBEHHOrO aHalIM3a BAXKHO HCCIENOBAaTh NPHYMHBI HX
BO3HMKHOBEHUS U (DAaKTOPBI, CIIOCOOCTBYIOIINE UX ANHAMUKE.

IIpn ompeneneHnM KOJMYECTBEHHOW OIEHKM pPHCKA yCTOWYHBOCTH
HCIIONIb3YETCSI HECKOJIBKO METOMOB: CTATUCTHUECKUN METOJ OLEHKU; METOJ
9KCIEPTHBIX OLICHOK; HCIIOJIb30BAHUE aHAJIOTOB; KOMOMHHUPOBAHHBIH METOI.

HccnenoBanue MIMPOKOTO CIEKTpa HHCTPYMEHTOB, HUCIOJIB3YyEMBIX NPHU
aHalIM3€e YCTOMYMBOCTU MPOEKTOB M MX PHCKOB, MO3BOJIJIO ONpPENETUTh UX
BO3MOXXHOCTH, NPEHMYIIECTBA M HEIOCTaTKU. Pe3yiapraToM paboTHl cTana
pa3paboTka TPUHLOMIIOB OIpEAETIeHUs] 30H YCTOHYMBOCTH U BBIOOpa
MoKa3aTesel yCTOMYMBOCTH HAYKOEMKHUX IIPOEKTOB B a’POKOCMHUYECKOM
cdepe nesTeaTbHOCTH, BKII0Yast (PUHAHCOBYIO YCTOHYMBOCTE.

CpaBHHTeIBbHBIN aHAIN3 M BEIOOP MOJieJIel yIpaBJIeHUS
WHHOBAIMOHHBIMH NMPOEKTAMHU PAKeTHO-KOCMUYeCKOM
NMPOMBIIILIEHHOCTH
Bacunesckuii B.B., Jlucuna M. A., Maknakosa H.E., Kucunenko A.A.,
CwmupaoBa C.A., @uwmunac A.IL.

MAMWU, r. MockBa

MupoBoit  skoHomMmueckuit  kpuzuc  2008-2009 roma  OCHOXKHUI
peaiM3aliio TOCTAaBIEHHBIX LeJieil, NpHBENT K COKPAIIEHUIO pPacXoJ0B
YacTHOr0 On3Heca Ha WHHOBALMM M OOOCTPHJI CTPYKTYPHBIE CIa0OCTH
pOCCHICKON WHHOBAIlMOHHOHM CHCTeMBl. PelneHue 3amad MOCTKPH3UCHOTO
BOCCTAHOBIICHUS, YCKOPECHHS Mepexoia Ha MHHOBALMOHHBIA IyTh Pa3BUTHS
OyneT TPOXOIUTh B YCIOBHSX BO3/eicTBHSA Ha PoccHio psna BHEIIHHX H
BHYTPCHHHX BBI30BOB, C OIHOH CTOPOHBI OCJIOXHSIOIIMX JOCTHIKCHHUE
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NIOCTABJICHHBIX 1IeJIeH, C IPyroil CTOPOHBI TUKTYIOIIUX HEOOXOIUMOCTH €llle
Oosplieil  MHTEHCH(UKAIMKM YCHIMA 10 PEUICHUIO HAaKOIUICHHBIX B
PpOCCHICKON SKOHOMHKE ¥ MHHOBAIIOHHOM CHCTEME MPOOIeM.

KitoueBbIM U3 TakuX BHEIIHUX BBI30BOB B YacTU HWHHOBAIIMOHHOTO
Pa3BUTHS SBIISIETCS YCKOPEHHE TEXHOJIOTMUYECKOrO PAa3BUTHS MHPOBOM
SKOHOMHUKH B IIEJIOM M a3POKOCMHUYECCKON MPOMBIIUIEHHOCTH B YacCTHOCTH.
JlomoTHUTENBHEIE CIIOKHOCTH C OTBETOM Ha HaHHBIA BBI3OB y Poccum
BO3HHKAIOT B CBSI3M C TEM, UTO IMEPCIECKTUBHBIC B IUIAHE WHHOBAIMOHHOTO
Pa3BUTHSA U MOBBILLEHUS AOIM BBICOKOTEXHOJIOTUYHOIO Npou3BoicTBa B BBII
CEKTOpa OKa3aJiCh B YHCIE Hanbolee MoCTPpagaBImIuX oT Kpmusuca. [Ipu sTom
TIePCIIEKTUBBI YITydIIeHUs CUTYyaIllH B PaKeTHO-KOCMHUYECKOH
MPOMBIIIJICHHOCTH CBS3aHO B 3HAYMTEJIFHOW CTENEHM C IeJIeHalpaBIeHHON
MonepHu3anue. B 2009-2011 romax B 1enoM yAAJIOCh COXPaHWUTH
OIO/DKETHYIO TIOJJIEPKKY Ha MPUEMIIEMOM YPOBHE, HO €€ HEeOCTaTOYHO ISt
TIOBBINICHUS TNI00ATBHON KOHKYPEHTOCIIOCOOHOCTH M DKCIIAaHCHH Ha BHEIITHHE
peiHKH. HeoOxomuma »ddekTuBHas KOMMeEpLUHaIu3alus KOCMHYECKOH
JeSITeIbHOCTH.

OngauM u3 HHCTPYMEHTOB WHHOBAIMOHHOTO pa3BUTHSA u
KOMMEpITHATN3AIlMd  KOCMHYECKOW  NeATeNbHOCTH Poccum  sBisieTcs
WCIONB30BAHUE  PE3yNbTaToOB  KocMmmdeckoit  mesremsHoctH  (PK]I):
OUCTAHIIMOHHOTO 30HOUPOBAHUS 3EMIIM, CBSI3M M TEepeJadd JaHHBIX,
HABUTAIIIOHHOTO, TOTIOT €0 1E3UIECKOTO " METEOPOIOTUIECKOTO
obecrieueHus. B CBsI3U ¢ 3TUM peasu3alius MPoeKToB ucmoib3oBanus PKJI, B
TOM 4YHCIIE U HBOﬁHOFO Ha3Ha4YCHUA, ABISCTCA CII0KHOM Hay4HO-
TEXHUYECKOH M OpPTaHM3allMOHHO-d)KOHOMUYECKOH 3amauel, Tpedyromeit ams
CBOETO pelIeHus pa3pabOTKH COOTBETCTBYIONIEH METOIOJIOTHH.

B pamkax wHacrosimeil paOOTBI TIPOBEJCH CPAaBHUTCIHHBIA aHAIH3,
00ocHOBaH BBIOOp MeTOZOB olleHKH kadecTBa PKJ] m moxeneit ynpasnenus
MIPOEKTOM HCIIOF30BAHMS TaHHBIX AUCTAHIIMOHHOTO 30HIUPOBAHMS 3EMIIU C
HCTIOJH30BAHUEM CPEICTB a’POKOCMUYECCKOTO MOHHUTOPHHTA B HWHTEpEcax
PEeTHOHATBHBIX TOTpPEOUTENeH ¢ Y4eToM HX TPeOOBaHMN W HMMEIOIIIXCS
OTpaHUYECHUH.

Kanposblii noTeHuua/ npeanpusiTiii AaBUALMOHHOMN NPOMBILLVIEHHOCTH:
npodJieMbl ¥ MyTH UX pelieHus
Yemepucona A.B.
MAMW, r. MockBa

IMocne pacnaga CCCP B ycnoBusix pedopMHpOBaHHS aBHALMOHHOM
npombinuieHHocTH (AIT) Poccum, peskoro coxpamieHus (GUHAHCHPOBAHMS
TOCYAAapCTBEHHOTO 3aKa3a, OypHOTO Pa3BUTHS 3apyOEXHBIX TEXHOJIOTHH 1
Y)KECTOYEHNS! KOHKYPEHIIMM Ha BHEIIHEM pbIHKe Ha mpexnpustusx All
MIPOIOIDKAIOT PA3BUBATHCS M yCYTyONISIThCS TAKHUe OTPUIATENBHBIEC SBICHHS
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KaKk CTapeHHe OCHOBHBIX (DOHJOB, CTapeHHE KaJpOBOIO IOTEHIHANA W
CKpBITOW 0e3paboTHIbI, OOJIBIION MPOUEHT HEA(D(HEKTHBHO MCIOIb3YEMbIX U
He3arpy>KeHHBIX MOINHOCTeH. B Hanmbonee KpUTHYECKOM IOJIOKEHHUN
HAXOJWUTCS WHTCIUICKTYalbHbIH Kamutanm All, xotopelii  Qopmupyer
MOTEHIMAal SKOHOMHYECKOTO0  POCTa, OIpeAenseT YpPOBEHb JKU3HH,
obecrieunBaeT MHPOBOE JIUAEPCTBO, CIIY>KUT TOKA3aTelIeM CTPaTerHIecKoro
YPOBHS 5KOHOMWYECKOH MOIIM CTPAHbI, €€ HAIMOHAIBHOTO CTaTyca.

VYTpara yHUKaNbHBIX HAyYHBIX HANpaBICHHA W  MPOMBIIUICHHBIX
TEXHOJIOTMA B CBSA3M C OTCYTCTBMEM (MHAHCHPOBAaHUS U yOBUIH
KBaTM(UIMPOBAHHOTO TPOM3BOACTBCHHOTO IIEPCOHANA B Apyrue cgepsl
JEATCIBHOCTU SIBJIICTCS OJHWM W3 HETAaTHBHBIX IIOCIEACTBUM IajeHHA
00bEMOB TIPON3BO/ICTBA.

B cuny mepedncieHHBIX BBIIIE SKOHOMMYECKHX U IONUTHYECKUX MPUYHH
Ha mnpeanpustusax All crnoxunack Kputhueckas cutyamust B cdepe
MIPUBJICUYEHUS, TIOJTOTOBKHU, MIPOABIKEHHS U 3aKPEIUICHHs] MOJIOJBIX KaJpOB.
HeBocTpeO0oBaHHOCTh  BBHICOKOKBAIM(HUIMPOBAHHOTO IE€PCOHANA, HHU3KHN
YPOBEHb M 33J€pP>KKH 3apabOTHOW IUIaTHl MPUBEIH K HEBOCHOIIEMOMY
ocnabieHnio KaapoBoro moreHnmana otpacau. C 2000 r. mo 2007 .
KOJIMYECTBO  paboTalomux Ha  CEepPUHHBIX HPENNpUATHSX  OTPACIH
COKpartuioch B 1,9 pa3a, a B KOHCTPYKTOPCKHX W HayYHBIX OpraHU3alusX - B
2,1 paza. Cpemgnuii Bo3pacT pabOTAIOMMX Ha HPEANPHATHAXK OMM30K K 52
rogam. IIpuToka MOMOABIX KagpOB IPAKTUYECKH HET. YacTh HaKOIUICHHOTO
OIIbITa U 3HAHUH 0e3 CBOEBPEMEHHOMH Iepeiauy MOJIOJIOMY TIOKOJICHUIO OyAeT
yTepsHa.

Takum 00pa3om, OHON M3 OCHOBHBIX CTpaTerM4YecKuX 3aaau pa3Butus All
Poccun  sBmslercs  3amada IpOBEAEHUS — KaApOBOM  TOJIMTHKH,
obecrieunBaroniell COXpaHeHHe BHICOKOH KBaM(HKAIMK KaJpOB B OTPacH,
UX MPEEMCTBEHHOCTh U YJIy4YIIEHHE BO3PACTHOM CTPYKTYpBHI, KOTOpPAsi MOKET
OBITH OCYILECTBIIEHA, MPEXJE BCETO, MPU YCIOBHH OKa3aHMS HEOOXOAMMOH
rocygapcTBeHHoOM — moanepxkku — npeanpustusm  All.  [Ipeanpusitusm
HEOOXOIMMO  BHEAPATH M 3(QQEKTUBHO  HCIOJIB30BATH  METOJBI
MIPOM3BOACTBEHHOTO  IUIAHMPOBAHMSA,  pa3BUBAaTh  CHCTEMY  THOKHX
MIPOU3BOJICTBEHHBIX MOILIHOCTEM. Haspena HEO0O0XOINMOCTE
LEHTPATN30BAHHOMN MIOJTOTOBKH KaapoB B MPOMBIIICHHOCTH,
npeaycMaTpHuBarolieil BocctaHoBlieHne ceTH yueOHbIX 3aBeneHuil (IITY) nHa
KayeCTBEHHO HOBOM YpOBHE, CO3[JaHHS COBETOB MOJIOJBIX YYEHBIX U
CIELIHAIHCTOB.
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3amaua pacnpenesieHHsl HHBECTHINI, BbIIe/IsIEMbIX Ha
PECTPYKTYPH3ALUIO HA3¢MHOT'0 KOCMHYECKOT0 KOMILIEKCA
Haymos A.B., Isanos C.B.
MAMW, r. MockBa

B Hacrosimmee Bpemsl aKTyalbHOM SIBIISETCS 3ajada pEeCTPYKTypU3alUU
MpEeINpUATHd U CTPYKTyp a’pokocMuueckoil orpacnu Poccun. OcHOBY,
00ecIeunBaroNIyIo MyCKU paxer, yIpaBleHue KOCMHUYECKUMHU
TPYIIIHUPOBKAMH, TOJJIEpKaHUEe HHQPPACTPYKTYpbl, HEOOXOOUMOW  uIs
pasBuTUS W O(PQPEKTUBHOTO HCIOJIB30BAHUS TNPOAYKTOB M CHCTEM
aOPOKOCMHUYECKOM  OTpacid, COCTaBISIIOT  HA3eMHbIE  KOCMHUYECKHE
KOMILIEKCBI.

IIpemnaraercss MaTemaTndeckas MOJENb AN paclpeleNeHus] HHBECTHLINMN,
BBIIEISIEMBIX HAa PEOPraHU3alMI0 CTPYKTYpbl HAa3eMHOIO0 KOCMHYECKOTO
KoMIUIeKca. JlaHHasg MoJenb OCHOBaHAa Ha JBYXJTAIllHBIX JIBYXYPOBHEBBIX
3a/jayax CTOXaCTUYECKOTO MPOrpaMMHUPOBAHUS ¢ KBAHTHIIBHBIM KPUTEPHEM.

Ha xadecTBO pabOTHI Ha3eMHBIX KOCMHYECKHUX KOMIUIEKCOB CYIIECTBEHHO
BIMSIOT MHOTHE HEOIIpeeIeHHbIe U Ccy4aiiHble (akTophl. B mpenmaraemoii
MOJIENH CIy4YalHbIM SIBJISIETCSI CHPOC Ha MNPOAYKIHUIO a’POKOCMHUYECKOU
orpacnd. KBaHTWIBHBIA KpPUTEpUH HCHOIB3YeTCsl A aJeKBAaTHOIO y4éra
pucka. ITo cyTH, KBaHTHIIBHBIA KPHUTEpUI — 3TO YpOBEHb IOTEPh NPHU
peanu3anuy NpOeKTa, HEMPEBBIIIEHNE KOTOPOTO FapaHTHPYETCs C 3aJaHHON
BEPOSATHOCTBIO.

[Ipouecc mpuHATHA pELIEHUS B JaHHOW MOJIEIM HMMEET ABYXAITAIHBII
xapakrep. Ha mepBom atare onpenensercst 00bEM MHBECTHIINN, BBIACIIEMBIX
B Pa3BUTHE PA3IMYHBIX OTpacieil MPOM3BOACTBA HA3€MHOTO KOCMHYECKOIO
KoMmIuiekca. Ha BTOpoM 3Tame B 3aBHCHMOCTH OT peau3aliiy CIydaifHOro
CIpoca Ha MPOIYKIHUIO ONpeNeNsIeTcsl ONTHMaIbHas [[eHa Ha IPOU3BEeIEHHYIO
MIPOAYKLUIO.

VY4yactHe Ha pBIHKE KOHKYpPEHTa MOJEIUpPYeTCs IpH  IOMOUIH
JByXYpPOBHEBOW 3a/aud ONTHMHU3aluK. Mojenb MpeanojaraeT ydJacTue Ha
pBIHKE JIByX WIPOKOB: Jmaepa (TOCcynapcTBa, BIAJENbIa HA3EMHOTO
KOCMHUYECKOT0 KOMIUIEKCA) M IOCIenoBares (MHOCTPAaHHBIX KOHKYPEHTOB,
TIPOM3BOASAIINX AHAJOTHYHYIO MpoayKuuio). [locaenoBarens B 3aBUCHMOCTH
OT IIEHBI, yCTAaHOBJICHHON JINIEPOM, BHIONPAET CBOIO IIEHY HA TMPOIYKIIHIO.

IIpoBenen aHanu3 paHHOM  Mozenu. [lodydeHsl  aHaJIUTUYECKUE
BBIPQXKEGHUS JUIA ONTHMAJAbHOM LEHBI Ha MNPOAYKLIUIO JHIEpa H
MOCJIe0BaTeNs B 3aBUCHMOCTH OT CTpPaTerMy IEPBOTO dTala U peaju3aluu
ciry4aiiHoro cripoca. [lomydeH sBHBINA BHJ KpUTEpUAIBHON (DYHKINH 331241
BTOpOro 3Tamna. J[aHHoe 00CTOSTEIHCTBO MO3BOJIMIIO B CKAJSIPHOM ciiydae (B
cllydyae OJHOW OTpaciu MpPOU3BOJCTBA) IMOCTPOUTH AECTEPMUHHPOBAHHBIN
SKBHUBAJIEHT UCXOAHOM 3amaun. IIpuBoauTcs pemieHue 3afaudl B CKaJISIPHOM
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ciryyae. OOCYXKIar0TCsl BO3MOXKHBIE TTOJIXO/bI K PEIISHHIO 33aJadil B 00LIeM
ciyJae.

OTpaciieBble 0COGEHHOCTH MOCTPOEHNS MPOrHO3a AMHAMHKH KOTHPOBOK
(hoH10BOTO PHIHKA HA IPUMEPE A3POKOCMHUYECKOIH 0TPaC/IH
Ty3uxosa E.C.

BIID, r. Mocksa

B coBpeMeHHBIX yCIIOBHAX HEPEIKO MOKA3aTeNEM yCIIEHIHOCTH KOMITAHUH
B HACTOAIMIEM M OyXylleM CIyXXHT IUHAMHKa KOTHPOBOK €€ akIuid Ha
(¢oHIOBOM pBHIHKE. B TO ke BpeMs, OYeBHIHO, YTO MOAOOHBIH KPUTEPUH HE
MOXeET OBITh OJIMHAKOBO MPUMEHUM K J1000M kommaHuu. Ha agekBaTHOCTH
€ro WCIIOJIb30BaHUS BIUSIOT pa3inyHble (akTopbl. OJHUM K3 BOXHEWIINX B
3TOM ciy4yae SBISE€TCS OTpaciieBas MPHUHAAISKHOCTh KOMIAHMHM H
COOTBETCTBYIOIINE XapaKTEPUCTUKU OTPACIH B LIEJIOM.

Konnenuuss cnpaBeanuBo CTOMMOCTHM HUCXOJUT M3 BO3MOXHOCTH
(dbopMHpOBaHMS KOPPEKTHOW OIIGHKM KOMIIAaHHWHM, OTpaXalolei ee
BHYTPEHHIOIO TUHAMUKY M MEPCIIEKTUBEL. B COOTBETCTBUM € MPEANOCHIIKAMH
SKOHOMHYECKOH TEOpPHH - CHpaBeUINBasi CTOMMOCTH KOMIIAaHWM B JFOOON
KOHKPETHO BBIOpaHHBIH IPOMEXYTOK BpEMEHH C OONBIION monei
BEPOSITHOCTH HE OyAeT COOTBETCTBOBATh PHIHOYHON OLEHKE CTOMMOCTH
KOMIaHuu. B TO e BpeMs B LEIOM U1 PBIHKA XapaKTepHa TEHICHIWS
W3MECHEHHsS KOTHPOBOK aKIWH KOMIAHWI B CTOPOHY NPHONIDKEHHS K HX
CIIpaBEIJIMBOM CTOMMOCTH.

OTpacneBaﬂ MNPpUHAJIC)KHOCTh KOMITAHUM TaKXKE€ ABJIACTCA OJHUM U3
KIIIOUEBBIX  (DAKTOPOB, OMNPEAEISAIONINX BO3MOXHOCTh M OCOOCHHOCTH
MIPUMEHEHHs] KOHLEIIMHU CIPaBeJIUBOM CTOMMOCTH U1 (pOpMHpOBAHMS
NIPOTHO3a  JalbHEHIIEro  HM3MEHEHUs  pBIHOYHOW  cuTyauuu. Jng
a3pPOKOCMHYECKON OTpacid BeOyLIyl0 pOJb WrpaloT (yHIaMEHTaJIbHbIE
MOKa3aTeIN JESITEIbHOCTH KOMIIAHW. DTO MPEANoNaraercs camMod CyTBIO
JESATEIbHOCTH KOMIIAHUH, WX OpPUEHTUPOBAHHOCTBIO HA HCCIEJOBAHUS H
pa3pabOTKH, a TaKkKe BAKHOCTHIO B3aMMOJCHCTBHS C TOCYIapCTBOM.
XapakTep OTpaciH TakKe OIpenenseT 0COOCHHOCTH OCHOBHEIX (HamOoiee
KPYITHBIX) HHBECTOPOB U MX BIHMSHHE Ha AEATEILHOCTH KOMITAHHH.

[MogoOHast  B3aMMOCBSI3b ~ OOECIIEUMBAET  ONpE/CIEHHBIH  ypOBEHb
COIIPSAKECHHOCTHU MCXKIAY HU3SMCHCHUIAMH CHpaBeZ[HHBOﬁ CTOUMOCTH u
PBIHOYHOH CTOMMOCTM KOMIIAHWH, OTJIMYHBIM OT COOTBETCTBYIOLIUX
TOKa3aTenel, XapakTepHBIX JMJIsI BCero pelHKA. Takum oOpasom, Ooiee
JeTAIbHOE pacCMOTpEHHE II03BOJSIET  copMynupoBaTh OCOOCHHOCTH
NPUMEHEHHUS KOHIENIUU CHPaBEAJIMBOM CTOMMOCTH TPH IOCTPOEHUU
MIPOTHO3a PHIHOYHON AMHAMHKH AJIS1 KOMIIAHUN a3pOKOCMHUYECKON OTpaciu B
YCIIOBHUSIX aKTHBHOTO M pa3BUTOro (hoHIOBOTO phIHKA. [IprMepoM phIHKa, B
YCIOBHSAX KOTOPOTO BO3MOXHO PAaCCMOTPEHHE M MPAKTHYECKOE NPUMEHEHHE
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KOHILEMIUK CIPaBeUIMBOH CTOUMOCTH, siBisiercst GoHmoBblil peiHOK CIIA,
KOTOpBI, C OJHOH CTOPOHBI, SBJIAETCA JOCTATOYHO IMHAMUYHBIM, a C
JpYyTO#, NOCTaTOYHO PENpPEe3eHTATUBHBIM C TOUKH 3PEHUS MPEACTaBICHHBIX
Ha HEM KOMITaHUil.
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8. Cexuusa «MaTtemMaTn4yeckue npoodjaemMbl B
aJPOKOCMHYECKON OTPACTH»

IMapameTpuyeckoe nccjiel0BaHNe TEIVIOOOMEHA M CTPYKTYPbI TeYeHHUs B
HAKJIOHHOM CJIoe IPH TOPLEBOM MoJorpeBe
Emensxun A U., ITyntyc A A.
MAMU, r. MockBa
Mskmmuaa M.H.,.ITonexaes B. .
Wuctutyt npobiiem mexannku uM. A.YO. Mnumackoro PAH, r. Mocksa

KonBekmust #1 TeIuI000MEeH B HAKIIOHHOM CJIO€ MPW HAJIMYUH MTPOIOIBHOTO
TpajiMeHTa TEeMIIepaTypbl (Cilydadl MHOAOTpeBa CIIOA C TOpIa) H3ydEHBI
ropaszo MEHBIIE, YeM B CIy4ae HaKJIOHHOTO CJIOS IPH MOIEPEIHOM MOBOAE
terma. OpHAaKo, 3TOT Ciydall Takke HHTEPECeH I TEOPHUH TEIUIOBOH
KOHBEKLIMM M UMEET MPHKJIaJHOE 3HaUeHHE (KOHBEKIHSI NPH BBIPALIMBAHUN
KPUCTALIOB B TOPU3OHTAIBHOW  “TIOJOYKE”, TOJOrpeBaeMble CHH3Y
BEPTHKAJbHBIE CJIOW B INAaXTaX, 3aXOJAKHBAHUE CKBAXWH, a/JIBEKTHBHBIC
TeyeHHs B aTrMocdepe, okeaHe, acTeHocdepe) u ap. B aroil pabore
paccMaTpHUBaeTCsl MOJOrPEB C TOpLA T'OPHU3OHTAIBHOIO M IMOJIOTPEB CHU3Y
BEPTUKAIBFHOTO CJIOEB, a TaK)Ke MPOMEXKYTOUHBIE MOJIOKEHHS, JOCTUTaeMble
IIPY TTOBOpPOTE €JI0s. Pacy€Thl BHIIONHEHBI AU ynceln Panesi, orpaHMYeHHBIX
3radeHreM 10*5 mpu pasHbIX U oTHomeHusx ctopoH (L/H=1, 5,10, 30) mis
HaXO>K/ICHHUS THITMYHBIX PEXKUMOB M XapaKTEPUCTUK TEUECHHS U TETIIO0OMEHa.
B kavecTBe OTHPaBHOIO MPH YBEIMUYECHUH UIMHBI CIOSI, a TAK)KE U1 TECTOB
paccMaTpuBaliCsl TaKXKe CiIydad KBaJpaTHOW oOJIaCTH IpPH pasHBIX yIiiax
HaksoHa. Jlaxe ceronmHs 37echk OOHApYKMBAIOTCS MHTEPECHBIE OCOOEHHOCTH,
00YCIIOBJICHHBIE B3aMOJICHCTBUSIMUA KOHBEKTHBHBIX MEXaHH3MOB Pa3InYHON
npuponsl. OCHOBHOE BHHMaHHE YJIEJICHO BBISBICHHIO IApaMETPOB, IpH
KOTOPBIX ~ PEAIN3YIOTCS  OKCTpeMalbHble 3HAYEHUs TeIlooOMeHa U
(¢u3MUecKOil HMHTEpIpeTanuu OCOOCHHOCTEH CTPYKTYpbl TEUYEHHS U
TerI000MeHa, KOTOPBIE MIPUBOJIAT K IKCTpEeMalIbHBIM 3 dexTam.

Pacuersr BeimonHensl Ha ocHoBe CereBoil KommbrorepHoit JlabopaTopun
HUIIMex PAH. [lano comocTaBiieHHE € pe3yjibTaTaMH, IOJTYYEHHBIMU C
rmoMomnipl0  KommeloTepHoi  sabopatopun  COMGA  (Convection in
MicroGravity and Applications).
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CrneKTpaJbHbBIH METO AHAJINW32 CTOXACTHYECKUX CHCTEM YIPaBJIeHUS
NP UMIYJIbCHBIX BO3/IEHCTBUAX, 00Pa3yOIINX HEMYyaCCOHOBCKUE
MOTOKH COOBITHI
KoxesuukoB A.C., Pribakos K.A.

MAMW, r. MockBa

Lenpto paboOTHI SIBISETCS Ppa3BUTHE CHEKTPAIBHBIX METOJOB aHaln3a
CHCTEM YIpaBJIeHUS — IPUMEHEHHE CIIEKTPaIbHON (POPMBI MATEMaTHIECKOTO
ONMHKCaHMsA K 3ajJade BEpOATHOCTHOIO aHalM3a CHCTEM YIPABIEHHUS CO
CIlyJallHBIM TI€pPHOJIOM KBaHTOBaHMA. (OCOOEHHOCTH TOMOOHBIX CHCTEM
COCTOUT B HAIWYMHM HMMITYJIbCHBIX BO3JEHCTBUH, MOPOXKIAIOIIUX CKAYKU
TPAeKTOPUH B CllydaliHble MOMEHTBI BpEMEHU. VICTOUHMKOB TaKUX CUTHAJIOB
B CHCTEME MOJXET OBITh HECKOJIbKO, OHH MOTYT 0OJamaTh pPa3IHIHBIMU
XapaKTEPUCTUKAMHY, ONMCHIBAIOIIUMH HWHTEPBANIbl BPEMEHH MOSBIECHHS
HUMITYJIbCOB U BEJIMYUHBI CKAYKOB.

[lpumeHeHHne CHEKTpalbHOW (GOPMBI MaTEeMaTHYECKOI'O OIHMCaHUS K
CUCTEMaM YIpaBJICHUA CcOo CJ'[y‘IEifIHBIM epuoaom KBaHTOBaHUA
paccMaTpHMBajIOCh U paHee, HO TOJNBKO M CHCTEM B  YCIOBMSX
ITyaCCOHOBCKOI'O XapaKTepa IMOTOKOB KBAaHTOBAaHUS U HUX CTaTHUCTUYECKOU
He3aBHCUMOCTH. B jmaHHOW pabore paccmarpuBaeTcsi IpPHMEHEHHE
CHEeKTpaTbHOH (POPMBI K KIIacCy CHCTEM, KOTOPBIH XapakTepusyercs Ooiee
CIIO’)KHBIM XapaKTepOM MOTOKOB KBAaHTOBAaHHS U CTaTHCTHYECKOW CBS3BIO
MEXIy HUMH. OTO TO3BOJAET PAacCMaTpUBaTh CTOXACTHUECKHE CHCTEMBI
yIpaBIIECHUs, NOMyCKAIOIINE PAa3pPhIBBI TPAEKTOPHHA B CIy4aiiHbIE MOMEHTBI
BPEMEHH, HHTEPBANBl MEXKIY KOTOPBIMH MOTYT OIHUCBIBATBCS HE TOJIBKO
MIyacCCOHOBCKHM 3aKOHOM paclpeleleHusl, HO MW JAPYTMMH, HalpuMep,
SPJIAHTOBCKUMH, a TaKXKe 0oiee CI0KHBIMU.

B pabore cdopMmynupoBaHa IOCTAHOBKA 3aJauyd aHalW3a CHUCTEM
yIOpaBIEHUS CO CIy4allHBIM MEPHUOJOM KBAaHTOBaHMS, COTJIACHO KOTOPOH IO
3aJJaHHON MOJIENIM CUCTEMBI YIIPABJICHMSA, OMHMCHIBAEMOM CTOXaCTHUECKHUMHU
muddepeHnnanpHpIME - ypaBHeHHsIME  VITO, 3aKOHaMH  paclpesesieHHs
HMHTEPBAJIOB BPEMEHH MEXIy MOMEHTaMH, B KOTOPBIE MIPOUCXOIAT Pa3phIBEI
TPAEeKTOpUI, W BEINYHMHBl CKAYKOB, HAYaIbHOM IIOTHOCTH BEPOSATHOCTH
BEKTOpa COCTOSHUSI TpeOyeTcs HalTH IUIOTHOCTh BEpPOSTHOCTH BEKTOPA
COCTOSIHUS B TF000H MOMEHT BPEMEHHU.

W3BecTHO, 4YTO INIOTHOCTb BEPOSTHOCTH BEKTOPA COCTOSHHMS CHCTEM
yOpaBIECHUS CO CHOy4ailHbIM MEPHOJOM KBAaHTOBaHHMA paBHA CyMMe
KOMIIOHEHT, YAOBIICTBOPSIOIIMX CHCTEME HHTEerpo-auddepeHmanbsHbpIx
ypaBHeHHMI THma ypaBHeHuii Kommoropa—®emiepa win 0000IIEHHBIX
ypaBHeHUH Poxkepa—IInanka—Kommoroposa. Jlis pelieHus 3agadu aHaIu3a,
T.e. AN HaXOXKJEHHA IUIOTHOCTH BEPOSTHOCTH BEKTOPA COCTOSHHUS,
pa3paboTaH ajIropuTM Ha OCHOBE CHEKTPAIbHOW (OPMBI MAaTEMaTHYECKOTO
onucanud. Ee mnpuMeHeHHWEe TO3BONSET CBECTH CHUCTEMY HHTErpo-
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muddepeHInanbHBIX YpaBHEHUH K CHUCTEME JIMHEWHBIX alreOpandecKux
YpaBHEHHH  OTHOCHTENHHO  KOI((GHUIMEHTOB  Pa3liOkKEHHUs  HMCKOMOW
IUIOTHOCTH BEPOSITHOCTH TI0 HEKOTOPOH TIIOJHOH OpPTOHOPMHPOBaHHOU
cucreme QyHkumii. B pesynprare pelieHue 3amadn aHajiM3a MOXET OBITh
Hal/IeHO B IBHOM (hopMe.

Pa3paborka ynpasJisiionieil mporpaMmsbl /151 KHHEMATHY€CKOI CHCTEMbI
MAalllMHBI CKOPOCTHOM JIa3epHOii pe3ku
Komos B.I'., Tpetsskosa O.H.
MAMWU, r. MockBa

Ienpto maHHOW pabOTHI ObLIa pa3pabOTKa MPOrPAMMHOI0 OOECICUCHHS
JUIsL CHUCTEMBI YIIPABICHWS MHOTIOKOOPAMHATHOM MAaIUIMHOW CKOPOCTHOMH
JIa36pHOU PE3KHU.

Jlrobass MammHa CKOPOCTHOHM Ja3epHOW pEe3KH MPENCTaBIsseT COOOU
MIPOMBIIIUICHHBIA TEXHOJIOTMYECKUI KOMITJIEKC, 00eCIeYrBalOIni 00padoTKy
pa3IWYHBIX MO  (PU3MYCCKUM  CBOHCTBAM  MAaTCPHANIOB,  BBITIONHSCT
BBICOKOTOYHYIO PE3Ky 3aroTOBOK, KOTOPBIC HCIOJB3YIOTCA B Pa3IHIHBIX
OTpacisaX MPOMBIIUICHHOCTH, B TOM YHCIIE U a3POKOCMUIECKOi. OCHOBHBIMU
JJIeMEHTAMHA MAIMHBI SBISETCS KOOPAWHATHBIA CTON, Ha KOTOPOM
pa3MmemaeTcs 3aroToBKa, Jiazep, KOHTpoiuiep, KommbioTep. Ilpocteie
KHHEMaTHYEeCKHE CHUCTEMBI, Tlle KOOPAMHATHBINA CTOJI MMEET OTHY WM JBE
CTETIeHN CBOOOBI, HE TIO3BOJIAIOT JOCTHTATh BEICOKUX CKopocTtelt pesku. [Ipu
YBEJIMYCHUN CKOPOCTHU PE3KHU C UCIIOJIB30BAHUEM IPOCTBIX CUCTEM CHIIBHO
YXyAamaeTcsa Ka4€CTBO BBIITOJIHCHUSA 3aroTOBOK. ﬂj’[f{ YBECJIUYCHUA CKOPOCTHU
pe3Kku HeoOXOIUMO YBENMYMBATh MOILIHOCTH JABHIaTeNied, a 3TO BeleT K
POCTY Macchl yCTAaHOBKH U 3HEpro3arpar.

Jlist perieHnst 3To¥ mpoOeMBbl NpeuIaraeTcsl paccMaTpuBaeMasi B JaHHOM
paboTe TpoeKTHpyeMasi MPOMBINUICHHAs YCTaHOBKA, KOTOpas BKIIOYAaeT B
ce0s cHUCTeMy C TMapajUleIbHON KHHEMaTHKOW. B Hell oTHOCHTENBHO
OCHOBHOTO MacCHBHOTO KOOPIMHATHOTO CTOJA, B IDIOCKOCTH MapajuiebHON
€ro MOBEPXHOCTU IEPEMELIAETCS JIETKUN JOIOJHUTEIbHBIA KOOPIAMHATHBII
CTONHMK, KOTOPBIH MOXET COBEpIIaTh IEepeMeIleHus] C OONbIIMMU
YCKOpPEHHsMH. JTO oOecreynBaeT HEOOXOOUMYIO TOYHOCTH IIOABEICHHS
3arOTOBKM K TpeOyeMOH TOYKe, T.K. MO3BOJISIET OBICTPO YCKOPHUTH U
3aTOPMO3UTH HOHOHHHTCHLHBIﬁ CTOJIUK. KpOMe TOT'0, TaKad KHHCMAaTHYCCKaA
CHCTeMa MallMHBl CKOPOCTHOW JIa3epHOW pe3KH oOecreuyuBaeT CHU)KEHHE
3aTpaT JJIEKTPOIHEPTUH, T.€. JeJIaeT YCTAaHOBKY AKOHOMHYHOH B Ipolecce
9KCIUTyaTallii TpU BHEAPEHUH €€ B MacCOBOE IPOU3BOJICTBO JUISI PacKposi
3arOTOBOK.

B pabGore OBDI TpemioOXKEeH aNrOPUTM CHHXPOHHOTO YIIPABIICHUS
MOTOOHBIMH MAaIllMHAMH, B OCHOBY KOTOPOTO IOJIOKEHO MOJICIHPOBAHHE
OTHOCHTEITFHOTO JBIKEHUS OCHOBHOTO M JIOTIOJHUTEIHFHOTO KOOPAMHATHBIX
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cTosioB ycTaHOBKM. Co3laHa ymHpaBisilollas MHporpamMMa, pealu3yromias
naHHbIN anroputM. [Iporpamma Hanucana Ha si3bike C#, KOHTpoJep paboraer
¢ wucrnosb3oBaHueM G- KOJOB, oOecreunBaeTcsl Iepeiadya yHpaBIITIOIINX
KOMaHJ OT KOMIIbIOTepa K KOHTposulepy. IIporpamma ucmonezyercs npu
MIPOCKTUPOBAHNH MAIIMHBI C TApaUIeIbHON KUHEMAaTUKOW JUISl JIa3epHOU
pe3ku B OOO HIIL «JIa3zeps! u anmapatypa TM».

3agaya NPOrHoO3MPOBaHNS ABHAKEHUS CIYTHUKA M0 BBICOKOI
JUIMNITHYECKOH opOuTe
Kpacuyxun A.A., I[Tynryc A.A.
MAMWU, r. MockBa

B nanHo#t paboTe paccMaTpuBaeTCs pelIeHHe 3aJadd MPOTHO3MPOBAHUS
JIBIKEHHSI CIYTHUKA IO BBICOKOW AJUTUNTHYECKOH opOute. OCOOEHHOCTHIO
TaKOW OPOUTHI SIBIISIETCS TO, YTO BHICOTA B arioree CHIBHO MPEBBIIIAET BBICOTY
B mepuree. CITyTHHKH, HCIOJB3YIOIINE BBHICOKHE JIUIMINTHYECKHE OPOHTHI
JBUTAIOTCS C OUYEHb BBICOKOM CKOPOCTBIO B IIEpHUree, a 3aTeM CHJIBHO
3aMeuIsIIoTes B aroree. Korma kocMudecknii anmapar HaXomuTcest OIMM3Ko OT
aroresi, y Ha3eMHOTO HaOIromaTens co3MacTcsl BIIEYATICHHWE, YTO CITyTHHK
MOYTH HE JBUTACTCS B TEUCHHWE HECKOJBKHX YacoB, TO €CTb ero opOuTa
CTaHOBUTCSA KBa3WUTEOCTALMOHAPHOHN. Toduka KBa3WUreocCTaliOHApa MOXKET
OBITh pacmoiokeHa Hax JI000M TOYKOH 3eMHOrO Immmapa. JTO CBOHCTBO
UCIIONIB3YyETCSI B CEBEPHBIX U FOXKHBIX IIMPOTAaX CWIBHO YAAIEHHBIX OT
9KBaTOpA.

21)'[5[ IMPOTHO3UPOBAHUA JBUXXCHHUA CITYyTHHKaA IIPUMEHACTCA
MaTeMaThyeckass ~ MOJENb  JBIDKEHHs, OCHOBAaHHas  Ha  MOJEIH
COOTBETCTBYIOILIETO TEOTOTEHIIMANa M CTAaHJapTHOM Mozenu arMmocgepsl, ¢
yuerom nputskeHust Jlyael m CoJHIIa M C YYETOM CBETOBOTO IaBJICHUSL.
Pacuer BeneTcs B aOCONIOTHOM crCcTEME KOOPAMHAT.

B maremaTrdeckoi MoJenH ABM)KEHHE 1TO0 BBICOKOW 3TN THYECKON opOnTe
OIMCBIBAETCS cucTeMOl An(pepeHnnaIbHBIX YPaBHEHUH B T€OIEHTPUIECKON
NpsIMOYTOJIBHOM ~ MHEpUMANBHOM  cucteMe  koopauHar.  [IpuBogurcs
COOTBETCTBYIOIIMHA  BHZI  CcHCTeMbl  Ju((epeHIMaNbHbIX  ypaBHEHHUIL.
HavanbHbIME yCTOBHSIMU JUISL MHTETPUPOBAHMS CUCTEMBI AuQdepeHImanbHbIX
YpaBHEHMH SBIISIIOTCSI BEKTOP CKOPOCTH, M BEKTOP KOOPAMHAT aOCOMIOTHOM
CUCTEMC KOOpAUWHAT. ,21.]'[5[ YHUCJICHHOT'O HUHTCTPUPOBAHUA CHCTEMBI
i depeHIaTbHbIX  YPaBHEHHH 110 W3BECTHBIM HAYaJIBHBIM  YCIIOBUSIM
JBIDKEHUSI KOCMMYECKOrO ammapara B KauecTBE OCHOBHOTO —MeToja
WHTETPUPOBAaHUS  TPUMEHsSETCs  MeTon  Anjamca, a B KadyecTBe
BCIIOMOTATENbHOIO Al pacdyeTa pasTOHHBIX TOYEK MeToAa Anjamca U s
pacdera TIOJOKCHWSI W3/AENUsl Ha TPOU3BOJIBHBII MOMEHT BPEMEHH
ncrionb3yercsi merox Pynre-Kyrra. To ects, cHagama paccUMTBIBAIOTCS
pasroHHBIe TOYKH MeronoM Pynre-Kyrra. 3areM HaunHaeTcss OCHOBHOE
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UHTETPUPOBaHUE CUCTEMBI T (hepeHINaTbHBIX YPaBHEHHH METOA0M Aamca.
Ha xaxgoM miare BBIYMCISETCA 3HAUCHHE TIPABBIX 4YacTel CHUCTEMBI
i depeHINaNbHbIX  YpaBHEHHH 110 INIPUBEICHHBIM BhIIe (opMmynam B
aOCOJIOTHON cuCTeMe KOOpPJHHAT, ITOCJIE YEro MEPEeBOJNTCS B TPUHBHUCKYIO
cucreMy KoopauHaT. VHTerpupoBaHHe BeleTcs C IIAaroM B IIECTHACCST
cekyHn. Kpome TOro, BBIYHCISIOTCS KOOPAMHATHI, U CKOPOCTH HA HA4ajuo
Ka)XXAO0T0 BUTKA, I 3TOTO NMPHUMEHSETCS MHTEPHOIALMA METooM Anamca
4eTBEPTOro mnopsaaka. JlaHHas MeTOAMKAa NO3BOJISET IONYYHTh IIPOTHO3
JBIDKCHUS] CIYTHHKAa C BBICOKOM TOYHOCTBIO Ha JOCTATOYHO OOJIBIION
MIPOMEKYTOK BPEMEHH.

HccaenoBanue Mmogesieil TypOy/J1eHTHOCTH AJISl aHAJIM3A
TepMOra3oJHHAMMYECKHUX MPOLECCOB B 3JIeMEHTAX COTHEYHbIX OaTapeii
Kymumos H.®., Tpetssixosa O.H.

MAMU, r. MockBa

PaccmarpuBaercs, kak ¥ B mpeapaymux paborax [1,2], comHeuHas
Oarapesi, yCTaHOBJEHHas Ha OOBEKTe, JBWXYLIEMCS C JI03BYKOBBIMH
CKOPOCTSIMH B Ha3eMHBIX YCIIOBUSX. PeallbHBIM TEXHHYECKHM MPHIOKESHUEM
SIBJICTCS aBTOMOOMJIb, HA MOBEPXHOCTH KOTOPOTO 3aKPEIUICHBI CONHEYHBIC
OaTapeu, SBIIONIMECS WCTOYHUKAMH OSHEPrHH, 3aMCHSIONIMMH JBHTaTelb
BHYTpEHHETO cropanusi. B pabore [1] moka3aHo, 4TO B 30HaX OTpHIBa OTOKA
MPOUCXOANT HEIPPEKTHBHBIA TEIUIOOTBON. [l YIIydIIeHHs OXJIaXKICHUS
IpeIaraeTcst KaKUM-TO CIIOCOOOM TypOyIM3UPOBATh MOTOK JUISl HOBBILICHUS
3¢ (GeKTUBHON TEIUIONPOBOIHOCTH, TIO3TOMY CTAHOBHTCS aKTyalbHOU 3aaadya
aHanmM3a TypOYJEHTHBIX TOTOKOB C TIOMOIIBIO Ppa3IUYHBIX MoOjemeit
TypOyJICHTHOCTH.

Jis ananmu3a TeruiooOMEHa B JJIEMEHTaX COJIHEYHBIX Oarapedl Obuia
pelieHa CONpsDKEHHAas 3ajava, CoCTosias W3 pacdyera paJuanuoHHO-
KOHJIyKTUBHOTO TEIUIOOOMEHa B 3JIEMEHTE COJHEYHOW Oaraped M pacuera
ra30JMHAMUYECKOTO TEUCHUs BOJNW3M TOBEPXHOCTH COJHEYHOH OaTapew c
WCIIOJIb30BAaHUEM pPa3INUHBIX Mojened TypOynentHocTH (Spalart-Allmaras,
k-g, SST, RSM, Cebeci-Smith, Baldwin-Lomax).

AHanu3 TPOBEIEHHBIX YHCIICHHBIX 3KCHEPUMEHTOB IO3BOJMI CHENaTh
BBIBOJIBI O 11€716CO00PAa3HOCTH MPUMEHEHHS TOH MM HHOH MOJEIH.

Jlumepamypa:

Vinnichenko N., Uvarov I., Znamenskaya I. Analisis of convective flow on
solar cells cooling.// ISFV14 — 14™ International Symposium on Flow
Visualization June 21-24, 2010, EXCO Daegu, Korea

Kymumor H.®., TperpsixoBa O.H Martematudeckoe MOIEIHPOBAHHE
PaIMalMOHHO-KOHIYKTHBHOTO TEIUIOOOMEHa B JJIEMEHTaxX COJHEYHBIX
Oatapelfi B YCIOBHSX KOHBEKTHBHOTO Teruiomeperoca. / B ¢6.: 9
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MexnyHnaponHas koHdepeHnns: «ABuanus U kocMoHaBTHKa-2010» Mocksa,
16—18 Hos16ps 2010 r. — M: U3n-80 MAU-TIPMHT, 2010. C. 319.

MopneaupoBaHue TeUeHHs, TEMJI000MeHAa U TUCTEPE3UCHBIX SIBJICHHIT B
HAKJOHHBLIX CJI0SIX
JleGenes M.A.
MAM, r. MockBa

PaccmarpuBaercss 3amada O KOHBEKIHMH W TEIUIOOOMEHE B HAKIOHHBIX
CIIOSIX TIPH TIOTOKE TeIIa HalpaBJIEHHOM MOIepeK ciod. B 3aBumcuMocTH oT
yIja HakJIOHA 31eCh ACMCTBYET JBAa MEXaHU3Ma TEIUIOBOM I'PaBUTALMOHHON
KOHBEKIHMH, COOTBECTCTBYIOHIME JBYM NPEACIbHBIM ClIydasdM: PaBHOBECHUC
BO3MOXKHO, HO MOXET OBITh YCTONUMBBIM WJIM HEYCTOWYMBHIM (IIOJOTpPEB
CHHM3Yy), U paBHOBECHE HEBO3MOXHO (mozorpeB cOoky). Ilpu sTOoM
MHOTOSTYCHKOBasI CTPYKTypa TCUCHHS, THIIMIHAS JJIs pejiei — OCHApOBCKOTO
MEXaHHU3Ma KOHBEKI[UH, CMEHSETCS TJO00ATbHOW IOJABEMHO — OIYCKHOM
CTPYKTYpOi. DTa CMEHa CTPYKTYp SBJSCTCS CICICTBHEM KOHBEKTHBHOIO
B3aMMOJICHCTBHS M UMEET TUCTEPE3UCHBIA XapaKTep: TCUCHHE U TeIUIO00OMEH
B OJHOM W3 HANpAaBICHWH HE COBMANAeT C TEINIOOOMEHOM B OOpaTHOM
HampaBieHHH. HecMoTps Ha OOJNBIIOE KOJNMYECTBO PabOT MO HAKIOHHBIM
CIIOSIM, CBEINCHHS O THCTepEe3nUCe MPH Pa3INIHBIX OTHOIICHUSX CJOS
HEMHOTOYHCIICHHBIL.

B nmamHOW paboTe WPOMOIDKAIOTCS MapaMEeTPUYECKHUE HCCIIETOBAHUS
KOHBEKI[MM U TEIUIOOOMEHa B HAKIIOHHOM CJlIoe 0e3 MPEAMOJIOKEHHS O
MIEPUOIUYCCKON CTPYKType BIOJb CIIOS, YTO TMO3BOJISIET MCCICIOBAThH
BIUSHHUE OTHOIICHHWS CTOPOH cios. OCHOBHOE BHHMAHHUC YICIACTCS
OTIPENICIICHUIO BIUSHISI OTHOIICHHS CTOPOH CJIOS, B TOM YHCJIE TIOCTPOCHUIO
JarpaMM XapakKTepHBIX PEXHMOB 4mciao ['pacroda — OTHOIICHHE CTOPOH
TIpH Pa3HBIX yTIIaX HAKJIOHA.

PaccmoTpeHa 3aBHCHMOCTh yIila HAKIIOHA, MPH KOTOPOM IPOUCXOIUT
mepecTpoiika TedeHus, ot uyucia [Ipararns (yrom m3mensuicst oT 0 rpamgycoB
mo 180, 3atem B oOpatHoM mopsinke ot 180 mo O rpamycoB ¢ marom 15).
[Nomy4ens! JoKanbHBIE U cpefHue dnciaa HyccempTa Al pa3sMUYHBIX YHCEN
Hpasarns (0,715 1,74; 7; 13,5; 43,9). IlomxydeHHass 3aBHCHMOCTBH dYHCIA
Hyccenbra OT yriila HakiIOHa OKa3ajach HEOAHO3HauyHa. B xome paboOThI
HAOJIFOIAIMCh JIBA PEXKHMMA: SUYCHCThIA U BUXPEBOM, a Tak ke HaOII0anoch
HeycTornunBoOe (cemtoBoe) cocTosiHue. [loka3zaHo, 4To 00a pexkuMa MPUBOAST
K VYBEIMYCHUIO TEIUIONOTOKA IO CPaBHCHHIO C  MOJICKYJIIPHBIM,
COOTBETCTBYIONIUM IUIOCKOIAPAUICIIGHOMY TCUYEHUIO. SIYCHCTBIA pekuM
o0ecrieuynBaeT 3HAYMTENEHO 00Jiee WHTCHCHUBHBIA TEIUIONEPEHOC, YeM
BHUXpeBOl. B wuTOore dYerko HaOmomaeTcs MEPEeXOMHBIA XapakTep 3TOTro
SIBIICHUSI THCTEPE3WCHOTO THIIA, KOTOpPOE TPHBOAWT K ONHM3KOH 110
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OTHOLICHUIO K HadaJbHOH, CTPyKType KOHBEeKIMM M uuciy Hyccenbta,
OTJIIMYAIOIIEMyCs IPU IPOTHUBOIOIOKHOM BPALllEHUH OT HCXOHOTO.

PacueTtsl mosry4eHs! ¢ MOMOIIBI0 KOMITBIOTepHOH Taboparopun COMGA u
nporpammsl D.

MeToabl HelipoceTeBOro MO/IEJIMPOBAHNS PU PellIeHNH THIOBBIX 3a/1a4
TUIPOANHAMHUKHA
Jleonos C.C., ITyntyc A.A.
MAMU, r. MockBa,
BacunseB A.H.
CII6I'T1Y, r. Cankr-IlerepOypr

Lenpto naHHOW pabOTHI sIBISiETCS MpoBepKa A(PQPEKTUBHOCTH METOJIOB
HEHpOCETEeBOr0  MOJENUPOBAHHWA TNpPHU  PEHIGHWH  THIOBBIX  3ajay
TUIPOJMHAMUKY.

B mepBoit 3amaue paccmartpuBaercst TedeHume (TedeHue KyaTrta)
HEC)KUMAaeMOM JKMJIKOCTU B TOPU3OHTAJIBHOM CJIO€ 33JaHHOM TOIIMHEI,
HIDKHSISI TPaHHIAa KOTOPOTO HETIOJ[BIDKHA, @ BEPXHSIS IBMKETCS C TTOCTOSTHHON
TOPU30HTAIBHON CKOPOCTBIO, HAIpaBICHHOW BAoib ocu abciuce. Ochb
OpIMHAT HaNpaBJlieHa BEPTUKAIBHO BBepX. Mimercst crannoHapHOe pelieHue,
TO €CThb IIPOM3BOAHAs 1O BPEMEHH paBHa Hymo. CUMTaeTcss Takxke, YTO
3ajaya mockas. bosee Toro, TeueHne ropu3oHTAIBHO. OTCYTCTBYET Takxke
TOPU30HTAIBHBIA IT'PaUECHT JaBICHUS.

Bo BTOpOI1 3amaye paccMaTpuBaeTCsl TEUEHUE KUIAKOCTH B CJIOE 3aJaHHON
TOJIIMHBl M 3aJaHHOM JUIMHBI C TBEPABIMM TpaHHLIAMHU IOJ JCHCTBUEM
TIPUIOKEHHOW K KpasM pasHoCTH jaaBieHus (3amada [lyaseitns). Kak u B
Mpeablayel 3a1aue, UIeM CTallMOHAPHOE PEIISHUE TOIBKO Il KOMIOHEHT
CKOPOCTH TI0 HaIIpaBJICHUIO OCH abcuucc.

IMpomecc pemieHUs! MOCTaBICHHBIX 3a/ad MpPETyCMaTPUBACT PEATH3ALIIO
CJIE/TYFOIIETO aJlTOPUTMa:

3a7aHue 00JIacTH, B KOTOPOH HIIETCS pelIeHue (BhIIeNICHHE morooacTeit
C U3MEHEHHeM KO3(G(HUIMECHTOB, BBIJECICHHE YYAaCTKOB TPAHMIBI C
M3MEHEHHEM THUIIA JOIYCTUMOTI'O yCIOBHS);

3aJjaHie OIepaTopoB, BXOMAIIMX B YPaBHEHHE, HAYaIbHO-KPAcBbIE
YCJOBUS U APYTUX COOTHOILIEHUM-OIpaHUYECHUH;

BBIOOp HEHPOCETEBOrO Pa3fOXKEHUs! JUIsl MOUCKa pelleHus (TIPH peleHUu
UCTIONB3YIOTCS] OAHOCIOMHBIE IEPCENTPOHBI);

3ajaHue criocoba reHepanyy TECTOBBIX TOYEK C BO3MOXKHOCTBIO 3aIaHUs
Pa3HBIX 3aKOHOB paclpesieNeHus] ITUX TOYEeK B 3aBHCUMOCTH OT F€OMETPUU
o0acTH;

3a7anue (PYHKIMOHAIA OIIMOKH, KaK XapaKTepPHCTHKN KauecTBa MOJIEIIH;

MHUHAME3aNUs (QyHKIMOHAA OIIHOKY B TECTOBBIX TOUYKAX.
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JlanHbIil anropuT™ ObLT peanu3oBaH B cucteMe Mathcad 14. Pesynsratom
paOOTHI SBIISACTCS:

MONyYeHHe TPHOMMKECHHBIX pelleHuil s TeueHus KysTra W TedeHHs
[Tyaszeiins;

MONYyYEeHHE MOTPEIIHOCTH HPHOIIKEHHBIX PEIICHHH pPaccMaTpuBaeMbIX
3aj1a4, Kak 3Ha4eHHe QyHKIMOHaa OIINOKY;

BU3YaJIbHOE CPaBHEHHE TOYHOTO W NPHUOIMKESHHOTO PEIICHHUS.

O npegenbHBIX NUKJIAX B JIBOIHOM OCHULIATOPE, BO30YKIEHHBIX
HeJIMHEeHbIM TPeHHeM
MaxusiHoBa C. 1., I[TyHTyCc A.A.
MAMW, r. MockBa

B npencraBieHHON Hay4HO-HCCIENOBATENbCKOW paboTe MPOBOIAMTCS
MaTeMaTH4eckoe MOIEIMPOBAHUE JABYXMACCOBOIO OCLMIIIATOPA C KYCOYHO-
HENMHEHHBIM  CyXUM  TpPEHHEM U TPOBOAUTCS  HCCIIEIOBaHUE
COOTBETCTBYIOIIEH MOJENIH, a TaKKe paccMaTpuBalOTCA IMpoOIeMBbl
MOJIETMPOBaHMs (Ha30BBIX IOPTPETOB JBYXMAacCOBOTO OCIIUUIATOpa Ha
MIepPCOHAIBHOM ~KOMIIbIOTEpe. METOox HCCIeOBaHusA paccMaTprHBaeMOU
MaTeMaTH4eCKONH MOJENN COCTOHMT B aHAINTHYECKOM PEIICHUH IOIyYeHHOU
B pe3ynbTaTe MOJAENMPOBAHUS aBTOHOMHOW cHCTeMBbl Iu(depeHImanbHbIX
YPaBHEHHH, Janee IPOBOIUTCS MOAEIHPOBAHWE JAHHOW CHCTEMBI Ha
KOMITBIOTEpE, 3aTe€M BBIOMPAETCS COOTBETCTBYIONIMH YHCIECHHBI METO[,
COCTaBIIETCSl TporpamMma pacdéra C HCHOJIb30BAHHUEM BBIUHCIUTENBHON
TEeXHUKA M MPOBOIUTCS pealM3alus IporpaMmHoro pacuéra Ha OBM. B
WUTOT€ MOJEJIUPYIOTCS Ha KOMITBIOTEPE COOTBETCTBYIOIIME (ha3oBbIE
MIOPTPETHI.

B mpouecce BBINONHEHMS JaHHOW HaydyHOW paboOThI OblIa IMOCTpOEHA
MaTeMaTudeckass MOJENb JBYXMAaccOBOIO OCHWIIATOPa C  KYCOYHO-
HEMHEHHBIM CyXMM TpPEHHEM, NPUBEICHO AaHAIUTHYECKOE pEIICHHE
ypaBHEHHH B IByX oOmacTsX. PaccMOTpeHO aHaIMTHYECKOE M YHCICHHOE
MOJEIHPOBAaHUE MAHHON CHCTEMBI Ha KOMIIBIOTEPE, IOJNyYEHBl B HTOTE
JAHHOTO HCCJIEOBAHUS COOTBETCTBYIOIIHE (ha30BbIe MOPTpeTH. [IpenensHble
LUKJIBI TIOJTy4YeHBI 110 crepyromei metoauke. I1o Haxarmio kHonku «CrapT»
MpoTrpaMMbl BBITIOJTHACTCA aJIlOPUTM PCHICHUSA Ha BBC)Z[éHHOM BPEMECHHOM
npomexyTke. Ilocie ero 3aBepiieHHs KOHEYHBIE 3HAUCHHMS MEPEMEHHBIX
3alMChIBAIOTCS. B TIOJISI HAYAJIbHBIX YCJIOBUM, M TIPH CIEIYIOLIEM 3alycKe
ITOPUTMa HCTIOJIB3YIOTCSl KaK HavyalbHbIe ycIoBUs. Takum o0pa3oM, 4TOOBI
MOJYYNTh NPENENbHBI IUKJI, HEOOXOAWMO BBINOJHATE ajrOPUTM IOKa
KapTuHa Ha (a30BBIX IUIOCKOCTSX HE MEPECTaHET U3MEHSTHCSL.

Wtak, B fmaHHOW HayYHO—MCCIIEOBATENBCKON paboTe IPOBEIECHO
AQHAJUTHYECKOE pEIICHHE TIIOJYyYeHHOH B pe3yibTaTe MaTeMaTHYEeCKOTO
MOJIETUPOBAHMS  JIByXMAacCCOBOTO  OCHWJIIITOpa ABTOHOMHOM  CHCTEMBI
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muddepenumanpipix  ypaBHeHudd. Kpome TOoro, B JaHHOW HaydyHO—
UCCJIEJIOBATEIbCKOW  padoTe  MpEACTaBIeH  METOA  HCCIECIOBaHMs
paccMaTpuBaeMoOil MaTeMaTH4ecKOW MOJENM JIBOWHOTO OCHWIIISATOpa, W B
pe3ysbTare NPUMEHEHHUS 3TOI0 METO/Ia BBIOJHEHO ITOCTPOEHHE MPEAETbHBIX
LUKJIOB B TakOM JIBOWHOM OCHWJIISITOpE, BO30YXIEHHOM HETMHEHHBIM
TpeHueM. [ peann3anuy MOCTABICHHOM 3a1a4u, BEIIIOJIHEHO NOCTPOCHHE U
HCCIIEIOBaHHE  PAacCMAaTPUBAEMBIX  MPENCNbHBIX  LHUKJIOB, MPOBEICHO
MOJCIUPOBAHNWE JAaHHOW CHCTEMBl Ha MEPCOHAIBHOM KOMIIBIOTEpE,
peanu3oBaH BBIOOP COOTBETCTBYIOIIETO YHCICHHOTO METOAa, COCTaBIICHA
HeoOXxoauMas IporpaMMma pacuéra, peann3oBaH pacuéT Ha OBM u noxydeHsr
(ha3oBble TOPTPETHl JBYXMACCOBOTO OCHWUIATOpa COOTBETCTBYIOILHE
pas3IMYHbIM HadYaJbHBIM YCJIOBUSAM W B PA3JIMYHBIX pacCMaTpUBaACMbIX
obmactsax (ha30BOM IIOCKOCTH.

MaTteMaTH4eCcKOe MOAeTHPOBAHHE HHAUKATPHUCHI CJI0KHOT0 H3JIyqaTes
EBmoxmmos U.E., Hukonaenko B.C., ®umummos I'.C.
MAMU, r. Mockaa,
Slmenko B.JO.
HITO um. C.A. JIaBoukuna, I. XUMKH

Ilenpto maHHOTO WCCIENOBaHMS SBISETCA pa3pabOTKa MeToAa M Ha eé
OCHOBE IPOrpaMMBbl pacuéTa CIOXHBIX HU3JIydaTelei, B KOTOPBIX JYyYUCTHII
mOTOK OT Au(M(Y3HBIX HCTOYHHUKOB H3IY4YeHUS (HOPMHUPYETCS CHCTEMOIt
3epKaibHbIX, MU(GY3HBIX W Anddy3HO — 3epKajbHBIX OTpaxkareneil c
3aJaHHBIMH ONITUYCCKUMU XapaKTCPUCTHUKaAMU.

Pa3zpaboTaHHBIf METOA MOJyYeH HAa OCHOBE HTEPAllMOHHO-30HAIBHOTO
METOo/a W IPOTpPaMM, HCIOJIB3YEMBIX B KOMIBIOTEPHOH Trpaduke s
OIIpeZIeTICHUs] OCBEIIEHHOCTH 00bekTOoB. OH TO3BOJSET pacCUUTHIBATH
M3JTy9eHHEe HAarpeThIX MOBEPXHOCTEH ¢ YIETOM MepeoTpakeHUH 1 OTIPEIersITh
pacIipeiesieHie JIy4HCThIX TIOTOKOB B IIPOCTPAHCTBE C YIETOM OCIAaOJICHHS B
cpene.

Metoauka pacué€ra peamnu3oBaHa B BHIE NpOorpaMMbl Ha s3eike Borland
DELPHI.Anroput™m €€ mpoBepsiicsl IPU HNOMOIUM BBIYMCIUTEIBHONU CpEabl
Mathcad. Pa3paboTannas MeTouKa JaéT XOPOIIHE pe3yabTaThl IPU pacueTe
pacmpeseneHusl MOTOKa JIyYUCTOH SHEPrMH OT TEeOMETPUYECKH CIIOKHBIX
¢Guryp, TNOBEpPXHOCTHM KOTOPHIX 3aJaroTcsi B BHJE Habopa TOYeK C
koopaunHaTtamu (X,Y,Z).

JlocToBepHOCTh pa3pabO0TaHHOW METOIUKH TMOITBEPXKICHA YHUCICHHBIM H
MOJENbHBIM JKCIEPUMEHTOM C HCIIOJIb30BaHMEM CBETOBOM Mopenu
W3ITydaTess.

B uncrneHHOM 3KCTIepUMEHTE NOIYYeHO XOPOIee COBIA/ICHNE PE3YIbTaTOB
BBIUMCICHUH IO pa3pabOTaHHOW METOAMKE C IaHHBIMH aHAITUTHYECKUX
pacy€ToB MHIUKATPHCHI, TPUBEAEHHBIMU B CIIPAaBOYHON JINTEPATYPE.
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B MOJCJIIBHOM OJKCIICPUMEHTEC IMMPOBOANUINCE H3MEPEHUA HHIAUKATPHUCHI
OCECHMMETPUYHOH  CBETOBOW  MoOIeNd, cocrosimied u3  auddysHo
M3NTyYaloIero KONblla W CHCTEMBI (OPMHUPOBAaHHS JyYHCTOTO IOTOKA,
BBITIONIHEHHOM B BUJIE IBYX COOCHBIX 3epKaJbHBIX OTpaxkareliel (« KOHYC B
KoHyce»). [lodydeHO Takxke XOpollee COBMAJCHHE PE3yIbTaTOB pacdyéTa C
JaHHBIMH MOJEIBHOTO 3KCIIEPUMEHTA.

Pe3ynbTaToM BBIOJHEHHOTO MCCIIEIOBAHUS SBISIETCS MAKeT MPHKIAIHBIX
porpaMM, TMO3BOJSIOIINA MPOBOIUTh MAaTEMAaTHYECKOE MOJACIUPOBAHHUE
CJIOXHBIX U3JTydaresnei.

OO0 onbITe pa3paboTKH M NPUMEHEHH HHTEPHET-TeXHOJIOTHil 115
opraHu3anuu npoimecca odyyeHus pusuke cryaenroB MAN
Tpetsskona O.H.

MAMW, r. MockBa

Pa3paboTanHas HaMu WM WCIONB3yeMasi B TEUEHHE psina JeT Ha Kadenpe
¢mukn MAU cucrema IUCTaHIMOHHOTO OOYy4eHHsS (QH3HKE CTYICHTOB
TEXHUYECKOTO By3a MO3BOJISIET BHECTH B OPraHH3alMI0 y4eOHOro mporecca
CIIEIYIOIIHE DIEMEHTHL:

- IPOBeJICHUE TUCTAaHIIMOHHBIX JJA00PaTOPHBIX PaboT Mo (GH3HUKe,

- TpOBEICHHWE KYpCOBBIX paboT mo (Qu3HKe W AUCHUIUIHHAM
_ TIeLHAITU3aLHH,

- IPOBEJCHIE HHTEPHET-TECTUPOBAHMS M0 Kypcy (HM3UKH M TUCHHUIUITHAM
CTeLMaIN3aIIH,

- OpraHu3alys CaMOCTOSATENLHOM PaboThI CTY/ICHTOB,

- CO3/IaHMe DJIEKTPOHHOM OMOJMOTEKH Y4eOHBIX MOCOOMH Mo (hU3UKe IS
CTY/IEHTOB TEXHHYECKUX BY30B.

[Ipy co3maHmM Bcex yKa3aHHBIX Pa3pabOTOK HCIIOJIb30BAaHA KOHIIETILVS
ypOBHEBOH nu(depeHInanuy Npu 00y4eHUH CTYACHTOB By3a.

Bce anmeMeHTBl CHCTEMBI MpPEACTABICHBI Ha 00pa3oBaTeNbHOM  caiiTe
kadpenpsl ¢pusukn 801 MOCKOBCKOIO aBHAIlMOHHOTO MHCTHTYTA IO aJpecy:
http://www.kaf801.ru/.

O MeT010JI0THH HCCTeJOBAHMS JHHAMUYECKHX CBOICTB AJIs1 HEKOTOPBIX
CHenHaJIbLHBIX CHCTEM
Ky3emuna JLK.
KAWN, r. Kazann

PaccmarpuBaroTcs pa3nuuHbBIE acleKThl AVMHAMUKA M MOJEIHUPOBAHUS
CIIO’KHBIX CHCTE€M, K KOTOPBIM MPUBOAAT MPUKIAAHBIE 3aJa4d MEXAaHUKU
ABHAIIMOHHBIX, a9POKOCMHYECKUX CHCTEM, BKIIOYAsh KPUTHUYECKHE CITydan
CHCTeM THpOCTAOWIM3aIMK, OpHeHTanuu. JlIs cHCTeM paccMaTpUBacMOTO
Kjlacca B KOHTEKCT€ IIOCTAHOBOK  TEOPUH  YCTOHYMBOCTH  IIpH
MapaMeTPUIECKHX BO3MYIIEHHAX (KaK PETYIIPHOTo, TaKk M CHHIYJISPHOTO
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THUIIA) pelaeTcs 3aaua JeKOMIO3HIINH, C TIOCTPOCHUEM CUCTEMBI CpPaBHEHHS
¢ TpeOyeMBIMH JMHAMHYECKUMH CBOWCTBaMM (BKJIIOYass CBOMHCTBO
YCTOWYHMBOCTH, ONTHMAJILHOCTH, OBICTpozelcTBus,). [IpumeHenune merona,
pa3BuBaeMoOro B paboTe, BeleT K YHHBEPCAIBHOMY QITOPUTMYy C
KOHCTPYHUPOBaHUEM YIPOIIEHHBIX Mojenen (acUMITOTHYECKUX
MIPUOIIMKEHNH), COOTBETCTBYIOIINX BBIICICHHOMY (PH3NYECKOMY MapaMmeTpy
(puznaeckoMy CBOWCTBY), IPU COXPAHCHUH Kau€CTBEHHOW SKBUBAJICHTHOCTH
C HCXOMHOH Mojenbio (M0 HCCiaeryeMoMy AWHAMUYECKOMY CBOWCTBY).
Omnpenenstorcss ycIoBUsI KOPPEKTHOCTH YIIPOLICHHBIX Mojened (B pamkax
MIPOBOAMMON HACANIN3AINN) HA OECKOHEUHOM HMHTEPBae BPEMEHH; CTPOSTCS
OLIEHKHM O0JacTe MapaMeTpoB, AOMYCKAIOUMIMX MEPEXOA K YKOPOUEHHBIM
MOJIETISIM C COXPAaHEHHWEM KaueCTBEHHBIX CBOWCTB. [Ipu 3ToM 0000IIECHHBIN
MOJXO0JI, OCHOBAaHHBIM Ha Meromosoruu Teopun A.M.JIsmyHoBa, naer
peryyisipHble TpUEMBl PENyKIMH MCXOJHONH MOJENH, C pa3/ieleHueM
WCXOJHBIX MEPEMEHHBIX COCTOSHHS CUCTEMBl Ha pa3HOMacUITaOHbIE IPYIIIIH,
C pa3JieNieHneM ee CTereHel cBoOO/IbI U ee MapaMeTpOB Ha CYIIECTBEHHBIE U
HecyllecTBeHHble. IIpuMeHHMTeNnbHO K  3ajayaM JUHAMUKHA  CHUCTEM
rupocrabuimmsan (B mocraHoBkax A.JO.Mmmmuckoro, [I.P.Mepkuna,
b.B.Paymenbaxa) cTposTcsi pasiaW4HbIE  YHPOLIEHHBIE MOAEIH W
YOPOLICHHBIE  YPAaBHEHUsl  JBHXKCHHS; oOcyxnarorcst  mpoOIIeMbl
MuHIMEI3anun Moaenu (mo H.H.MowuceeBy); MpuBOASTCS IPUMEPHL.

ABtrop  mpusHatesnieH  Poccuiickomy — ®onpy — DyHAaaMeHTaIbHBIX
WCCIIeTIOBaHUM 32 MOAAEPIKKY PabOTHI.

IIpuMeHeHHE CTOXACTHYECKOr0 KBa3UTPAAMEHTHOT0 aJITOPUTMAa
MHHMMU3AIMN HHTETPATbHON KBAHTHIIH /ISl OLIEHKH CBEPXY
KBaHTHJILHOTO KPUTEPHS
Kubzyn A.U., YeproOposos A.U.

MAM, r. MockBa

B 3amauax w3 pasnuuHBIX cep TEXHUKH M SKOHOMHKH, CBA3AaHHBIX C
ONITHMU3AINEll pacIpeneneHusl PecypcoB, KakK IPaBUIIO, IPUCYTCTBYIOT
pasnuuHble CciydaiiHele (akTopsl. [Ipy MOCTpoeHMH ONTHMHU3ALMOHHBIX
3aJad CcO CHOy4alHBIMM (DAaKTOpaMH 4YacTO TPUMEHSIOT KBaHTHIBHBINA
kputepuil. Harpumep, B 3afauax ynpaBieHHs JeTaTeIbHBIMHU allapaTaMH B
Ka4yecTBE KPUTEPHs YacTO UCIIOJIB3YEeTCA KBAaHTIIIb TEPMHUHAIBHOW TOYHOCTH,
T.e. TapaHTUPOBAHHAS C 3aJaHHOW BEPOSTHOCTHIO TOYHOCTH ITOIAJAHUS
JIeTaTeIBHOTO arnmapara B 3aJJaHHyI0 00J1acTh.

[MpakTHyeckoe perieHHE 3a1add HaXOXKAEHHs JKcTpeMyMma (MUHHMYMa)
(YHKIMM KBaHTHJIM OCJIOXHEHO TEM, YTO SBHOH BUA (YHKIMM 4YacTo He
ynaercsi Haitu. CyIiecTBYeT TakKe CTOXACTHYECKHI KBa3WUTpaIueHTHBINA
ITOPUTM IS PEIICHNs] JAHHOM 3a1adu, KOTOPBIH HE UCTIONB3YeT SIBHBINH B
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(GYHKIMH, OHAKO TpeOyeT ee BBIMYKIOCTH M BBIOJHEHHs psia JAPYyTrux
TPYAHOIIPOBEPSEMBIX YCIOBHIA.

WnTerpanbHas KBAHTWIb XapaKTepU3yeT YCpPEIHEHHblE MOTEpU B
HEONaronmpusTHBIX  Cilydasx (32  ypoBHeM  KBaHTWIM). DyHKIHIO
HMHTETPaJbHON KBAaHTHIU B SABHOM BHJE TaKXKe 3a4acTylO0 HE IMPOCTO HaWTH.
Onmnako oHa oOnamaeT psiioM YHOOHBIX CBOICTB, B YAacTHOCTH, JIETKO
TIPOBEPHUTH €€ BHIMYKJIOCTh. Hampumep, ecnm memeBast (QYHKIHS SIBISETCS
BBIMYKJIOM IO CTPaTeTWH, TO M HHTErpaidbHas KBAHTWIb TaKXKe SBIAETCA
BBIMYKJION IO CTPATETHH.

B pabore paccMmaTpuBaeTcs METOA TIOCTPOCHHS BEpXHEH OIICHKH
KBaHTHJIBHOTO KPUTEPHs 0a3MPYIOIIUICS Ha PEIICHHE 3aa9l MUHUMHU3AINN
UHTETPIBHOM KBaHTWIM. /[l pelieHus OaHHOM 3aJaud [IPUMEHSETCS
CTOXAaCTHYECKUM KBA3UTPATUCHTHBIM aITOPUTMOM. J[JIs1 TaHHOTO aIropuT™Ma
JIOKa3bIBAETCS CXOUMOCTb C BEPOSITHOCTBIO €IMHULIA.

Takoll TOAXOA U OLEHKH KBaHTHJIBHOTO KpPUTEpHs oONamaeT psaoM
MIOJIO’KUTETIBHBIX CBOUCTB!

NIPUMEHMMOCTD K IIMPOKOMY KJlaccy 3ajady;

He TpeOyeTcs BBITYKJIOCTh KBAHTHIIBHOTO KPUTEPHS;

NP YpOBHE HAIEXKHOCTH OJM3KOH K eIWHHMIIE, OIICHKA CBEpXy OJIM3Ka K
TOYHOMY 3HA4YEHHUIO.

B pabore paccMmaTpuBaroTCsi MPUMEpPHI, WIUTIOCTPHPYIOIIUE NPHMEHEHHUE
aNIrOpuTMa, a TaKXKe MPAKTUYEeCKHE AacCIeKThl IOCTPOEHHsS YHCIEHHBIX
METOJIOB PEUICHHUS.

Pa3paboTka 3J1eMeHTOB MPOrPaMMHOI0 KOMILIeKca 1/ YIpaBJIeHHsI
TeXHOJIOTH4YeCKMMHU NMPOoLeccaMH JIa3epPHOil pe3kH
[TeBuenko I'.1O., TperbsikoBa O.H.

MAW, MI'VIIH, r. MockBa

JlarHast paboTa sBISETCS NPOAODKEHWEM IHUKJIA padoT IO CO3JaHUI0
YTIPABISIFOIIMX ITPOTPAMM ISl aBTOMATH3AIMN TEXHOJIOTHYECKUX MPOIIECCOB
U CO3JaHUs YCTAaHOBOK [UI1 MHHOBAIIMOHHBIX JIa3€pHBIX TexHojoruili. B
pabore [1] Obuto ommcaHo pa3zpaboTaHHOE MPOTPAMMHOE ObOecredeHIe
TEXHOJIOTHIECKuX KomIuiekcoB st npeanpusatus OAO «Camdupy.

B Hactosmielt paGoTe mpencTaBIeHO NPOrpaMMHOE OOeCleueHue Uit
YIpaBJICHUS Ja3epPHBIM TEXHOJOTMYECKUM OOOPYIOBAHHEM C YHCIIOBBIM
nporpamMmHbIM yrpasienuem (UI1Y), kotopoe 6bu10 paszpadorano miast OO0
HIII «Jlazeppr wm ammaparypa TM». UYIIY npencraBiser coboit
KOMITBIOTEPH30BaHHYIO CHUCTEMY YIIPABJICHUS, CUMTBHIBAIOIIYIO HHCTPYKIHH
CTEIMAIN3UPOBAaHHOIO SI3bIKA TPOTPAMMHPOBAHMS, B HalleM cliy4ae
MCTIONIB30BaHbl G-KOMBI, M YIPABISIONIYIO PUBOJIAMH CTAaHKOB U CTAHOYHOM
OCHACTKOH.
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[IporpaMmmHOe oObOecIieueHHe IMPEAHA3HAYCHO IS OOIIEro yrpaBlICHHS
CTaHKOM JIa3epHOM pe3Ku, JuUId 3arpy3Kd B TaMsATh KOHTpoJuiepa
TEXHOJIOTHYECKHUX TPOrpaMM, JUIsl 3allyCKa 3THX MpOorpaMM Ha HCIIOJHEHHE,
JUISL KOHTPOJISA 3a XOJOM 00paOOTKH, a Takke I AMAarHOCTHKH OOILIEeTo
COCTOSIHHSI CHCTEMBI YIIPABIICHHSI.

OxHO mHTepdeiica mporpaMMbl IPeACTABIIET COOOW CTaHAAPTHOE OKHO
MIPUIIOKEHHS OlNepannoHHOW cucreMel MS Windows. [na ynpasineHus
WCIIONIB3YIOTCS CTaHJapTHBIE CPEACTBa BBO/A-BBIBOAA (KITaBHAaTypa W MBIIIb),
TaK)ke BO3MOJKHO ITOJAKIIOUCHUE JOMOTHUTEIBHBIX YCTPOMCTB, TaKMX Kak
CTaHOYHBIE ITyJIBTHI, SHKOJIEPHI, CEHCOPHBIEC MTAHENH U T.JI.

JanHoe mporpaMMHOe oOecredeHHe pa3pabOTaHO, BHEAPEHO B
MPOU3BOJICTBO U MCIOJIB3YETCSl Ha MalIMHAX JUISl JIA3EPHON PE3KH, CO3aHHbBIX
B OO0 HIIL] «JIazeps! u anmapatypa TM».

Jlureparypa:

1. Tperesxopa O.H., IleBuenko I'.}O. PaspabGotka ympamisromei
MIPOTpaMMBbl JJIsl YCTAHOBKH JIA3€PHOTO YNPABIIEMOTr0 TEPMOpPACKAIBIBAHHS
MOJYIPOBOTHUKOBBIX ~ MarepuasioB. // B ¢6.: 9 MexnyHnaponHas
KoH(pepeHIHs «ABHanus U KocMoHaBTHKa-2010» Mocksa, 16—18 HOs0ps
2010 r. — CII6.: Macrepckas niegarw, 2010. C.318-319.

MeTonoJiorusi 00y4eHns1 B pa3BUBAIOIINX HCKYCCTBEHHBIX CpeIax
Ceprees C.®., 3amnarkus 10.10., 3axapesuu A.Il.
Kopnopamus «Aspokocmuueckoe odopynoBanue, r. Cankr-IlerepOypr

Ilenpto  Hacrosimieii  paboOThI  SIBWJIOCH — CO3MAaHME  METOMOJIOTHH
TEMaTHYECKOTO TPOEKTHPOBAHUSI CUCTEMBI MPO(ECCHOHANBEHON MOJATOTOBKH
JIETHOTO JKHIaKa B Pa3BHBAIOIINX HCKYCCTBEHHBIX CPEAax, PEeaIM3yIOLINX
CIlcHapHOe oOydeHue Ha 0Oaze (dopMupyrImuX MpodhecCCHOHATIOB
HApPaTHBHBIX CIOKETOB.

B ornmume oT WUTPOBBEIX METOMOB OOYYCHHWS, OCHOBAHHBIX HA CO3JIaHUH
WTPOBOH MOTHBALIMH, B PAacCMATPUBACMBIX CHCTEMaX pEaM3yIOTCS IBa
YpOBHS npo¢eCCHOHATBFHOMN MTOJITOTOBKH: TEXHOJIOTHIECKUH u
pa3BuBaromuii. TeXHOJOTHYECKUH YPOBEHb OTHOCHTCA K (HOPMUPOBAHHIO
mpo(eCCHOHANBHBIX 3HAHWHA, YMEHHA ¥ HABBIKOB M OCYIIECTBIISAETCS
N3BCCTHBIMU ME€TOAaMH TPEHUHIA, a pa3BHBaIOH.[HI7I — K HaHpaBJ’IeHHOﬁ
JIMYHOCTHOW MOJAM(HKALUK 32 CYET BKIIIOYEHHsI KypcaHTa B OO0y4arolluii
CIOXKET, COJIep)KaIlluii THIIOBbIE (OPMBI NMPOGECCHOHATBHBIX JTMYHOCTHBIX
OTHOIICHUH.

Jlns co3maHus HampaBIICHHBIX COITMABHBIX BO3JICHCTBHI HAa YJYacTHHKA
OOy4eHUsI HUCIIONB3YIOTCSI HCKYCCTBEHHBIE IIEPCOHAXH —  aBaTapsbl
HAJIeTICHHBIC TUTIOBBIMA ()OpPMaMH JTHIYHOCTHOTO M CONMANBEHOTO TTOBEICHUS B
cpene oOyueHws. Mopmenupyercs H3MEHEHHE CTPYKTYPHl OTHOIICHHHN
YY9aCTHHKOB COIIMAJbHON TpYMIBl (aBaTapbl + YYaCTHHKH OOYYCHHS) B
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3aBUCUMOCTU OT YCIEHIHOCTH HX COBMECTHOM JACATCIbHOCTH W Pa3sBUTUA
KOMMYHUKATHUBHBIX CHOKCTOB.

Ha sTane noAroToBku K 00y4eHHIO B UCKYCCTBEHHBIX CpellaX IMPOBOIAMTCS
JMarHOCTHKa MOTHBALMOHHOM cdepsl KypcaHTa, aHaJIM3HPYeTCs €ero
JKM3HEHHBIA IyTh C ILIEJNbI0 BHIOOpa M OLEHKH COJAEpXKaHUsl HappaTHBa, B
COOTBETCTBHH C KOTOPHIM IIAHUPYETCS 00yIEHHE.

BBenenne B cpeny oOydeHus (GpOpMHUPYIOMNX CONMAIBHBIX OTHOIICHHH C
aBaTtapaMH BelIeT K MOAU(UKAIMN JHMYHOCTH YYCHHWKA B HAIPABICHUH
ycuiIeHHsI MPo(ecCHOHATFHO-BaKHBIX KadecTB U OJIOKHpoBaHUs 3(P(eKToB
BIMSHUSI ~ HETAaTHUBHBIX  JIMYHOCTHBIX  CBOWCTB  Ha  PE3YJIBTaThI
PO eCCHOHATBHON e TETbHOCTH.

OCHOBHbIE TPOOJIEMBI, BO3HUKAIOIIUE NPU peau3allyd ONHCAHHOM
METOOJIOTUYECKON CXEMBI, CBS3aHbI C OTCYTCTBHEM Hay4HO-00O0CHOBAHHOW
THUIIOJIOTHU (POPMHUPYIOLIUX MPOPECCHOHATBHBIX KOMMYHUKAIIMH CBS3aHHBIX
C KOHKPETHBIMHU BHJIAMH OTIEPATOPCKOH U JIETHOH JIESITENEHOCTH.

Kpome TOTO, HE MMEIOT MPHUEMIIEMOTO JJIsl TIPAKTHKU PELICHUS] BOIIPOCHI
(opMHpOBaHUS JHMYHOCTH B HWCKYCCTBEHHOM KOJUISKTHBE M IIEPEHOC
3¢ QeKToB CcOIMaIM3alMi Ha JIMYHOCTh O00y4aeMoro B  peaJbHOU
JeITEIILHOCTH.

B pesynbrare BBINONHEHHOW pPabOTHI CO3MaHO HOBOE HAlpaBJICHUE
TPEHAKEPHOTO OOydYeHHMs, BKJIIOYAOIee (OPMHUPOBAHHE JIMIHOCTHBIX
KadecTB IpodeccHoHana B MCKYCCTBEHHOH conmanbHOW cpene. [Ipu stom
peanu3yeTcss UCTOPUS YCHEUIHOro MpodeccHoHana NEeHCTBYIOIETO B Cpelie
o0y4eHus. DTO MO3BOJISIET BKIIOYHTH B apceHall METOAOB MOJTOTOBKU
JIETHOTO COCTaBa MeETOJbl (OPMHPYIOIIEro BIMSHHS HCKYCCTBEHHBIX
COIMAJBHBIX Cpell, B TOM 4YHCIE M Cpel COAEpKallMX TEXHOJIOTHU
CMEUIaHHOH pealnbHOCTH, B KOTOPHIX Hapsiy C aBarapamu JIEHCTBYIOT
peajbHBIE TIEPCOHAXHN 00yUeHUSI.

Pa3pa6oTka cucTeMbl pellieHHsl KPaeBBIX 3a/1a4 VISl YPaBHEHHS
TEIJIONPOBOTHOCTH C HCIOJIb30BAHHEM HEI{POCETEBOr0 MOIeTNPOBAHHUS
Kon6un U.C.

MAMWU, r. MockBa

Ilenpto maHHOH pabOTBI  SBISETCA CO3MaHUEC COUHOTO  IOJXO0Ja,
OCHOBAaHHOT'O Ha HEMpPOCETEBON METOAOJOTUH, PEUICHUSI KPAaeBBIX 3a1ad IJIst
ypaBHEHHSI TEIUIONPOBOAHOCTH. lIpenmMymiecTBaMu JaHHOTO — IMOAX0JA
SIBIIICTCSI  €ro  OecceToyHas MPHPOJA, YTO  MO3BOJSIET  M30SKATh
SKCIIOHEHIIMAILHOTO POCTa BBIYUCIUTENBHON CIOKHOCTU MPU YBEIUUECHUU
pa3MepHOCTH 3a1aur (10 CPABHCHHIO C KOHEYHO-PAa3HOCTHBIMH METOJIAMH).
[MomuMo 3TOTO, B 3HAYHMTENHEHOW CTEIEHU YIIPOIIASTCs PEIIeHHe 3aaad Co
CIOXHOW 00macTeio. CTOWT Takke OTMETHTh, YTO MJaHHBIA TOIXOX C
HE3HAYNTEIFHBIMA W3MEHCHUSMH MOXET OBITh TPUMEHEH UL PEIICHHS
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oOpaTHBIX 331a4. JIOMOJHUTENBHBIMH TIPEMMYIIECTBOM HEWPOCETEBBIX
IIOIXOJIOB SIBISIETCSI €CTECTBEHHOE paclapajUleIMBaHUE aJITOPUTMOB, 4YTO
SIBIISIETCS. BaXKHBIM CBOWCTBOM, T.K. celyac oOdYeHb OypHO pa3BHBAIOTCS
JOCTYITHbIE COBPEMEHHBIE TEXHOJIOTHH OBICTPHIX MapaJUIeIbHBIX BEIYUCICHUN
(CUDA, OpenCL, mp.).

B pamkax [pgaHHOW paboOTBI paccMaTpPHBAIOTCS  CTALMOHAPHBIE |
HECTALMOHAPHBIE YPABHEHUS TEMIONPOBOAHOCTH. CTalMOHApHBIE 3aJa4d
pemaroTcsi  4epe3 MHHHUMM3AIHMI0  (QYHKIHMOHANa OIMMOKH, KOTOPBIi
BBIUHCIIAETCS NPU TOACTAHOBKE HEHPOCETEBOM MOJENM B YCIOBHA 3aJayu.
Jlnst penieHus! HecTallMOHAPHBIX 3a/1a4 ObLI peann30BaH THOPUIHBIA ITOAXO
C KOHEYHO-Pa3HOCTHBIM Pa30OHUEHNEM II0 BPEMEHH, KOTOPBIN 10 TOYHOCTHBIM
XapaKTepUCTHKAM MPEeB30IIEN NpAMOM moaxox (MpH KOTOPOM BpeMms
CUHATAJIOCH  JOMOJHUTENbHOM  KoopauHatoif). Ilpm  ucmons3oBaHMU
THOPUIHOTO TOAX0Aa, (haKTUYECKH, Ha KaKJIOM BPEMEHHOM CIIO€ pelIaeTcs
CTallMOHApHas 3a71a4a.

Jng mpoBepkM NPUMEHMMOCTH TOAXOJA NPOBOAUTCS BBIYUCIUTENIBHAS
anpoOanusi Ha Habope XapaKTepHBIX 3a/ad (C HEJIMHEHHOW COCTaBIISIOIIEH,
CO CIOXHOW o0macTeio W T.1.). [Ipyn 3TOM paccMaTpHBaIOTCS CETH pa3HBIX
pa3MepHOCTEeH, MPOBOIUTCS CPABHUTEIBHBIN aHAIW3 TOYHOCTH, MOJIy4YEeHHON
Opu  pa3HBIX pemeHusax. Ha  HacToAmMi  MOMEHT  pe3yJbTAThI
BBIYHCIIUTENBHBIX ~ JKCHEPUMEHTOB  IIO3BOJIIIOT — CHIENaTh  BBIBOX O
PpaboTOCIOCOOHOCTH MPEUIOKEHHOTO allTOPUTMA.

BaxHoii yacTblo paboThl OyAeT CpaBHEHHE HEHpPOCETEBBIX U KOHEYHO-
pasHoCTHBIX MeTooB. Takxke, OyAeT yJelIeHo BHUMaHUE BBIOOPY allropuTMa
ONTHMU3AIMHU (QyHKIHOHATA.

B pesynprare naHHOW paboTHl JOMKHA OBITH BBIpabOTaHa eaHMHAs
METOJI0JIOTHS pEIIeHUs] KPaeBhIX 3a/ad JUlsl YpaBHEHUS TEIIONPOBOIHOCTH,
OCHOBaHHasl Ha HEHPOCETEBOM MOJICIIMPOBAHNH, U JOJDKEH OBITh pealn30BaH
Ha0Op MPHUKIAAHBIX MPOTPAMMHBIX CPEICTB, PEATH3YIOIINX MpPEAI0KEHHBINA
MOJIXOJ.

AOCTpPaKTHBIN BBIBO/J B CHCTeMaxX NPUHATHSA PellieHuii NpU ynpaBJeHHH
JIeTaTeJIbHBIM aNNapaToM
I'ymaes U.B., 'onoBaues A.T.
MAMWU, r. MockBa

Jus 5hGdexTHBHOrO JIOTHYECKOTO BBIBOJA B IPUKIAJHOW 3ajaue
WHTEIUIEKTyaJbHasl CHUCTEMa JOJDKHA o001anaTte 0O0pa3sHO-CHTYallMOHHBIM
MBIIIJICHUEM,  pEaln3yeMbIM  OIepalMedl  THIa  CXOJCTBO-paszinyue
(cBommmocThio). CymuecTByeT psii TEXHUK, MO3BOJIIOIINX —BBITOJIHSITE
CBOJMMOCTb: HEWPOHHBIC CETH, MATKUE BBIYHCIICHUS, HE4YeTKas JIOTHKa,
abctpakiuss W np. Ilooxod ¢ HWCMONB30BaHHEM a0CTPaKIUH HMEeT
3HAYUTENBHOE NPEUMYILECTBO TIepe APYTUMH MojensamMu. Hedetkas soruka,
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HEHPOHHBIC CETH M MPOYHEe 000OIICHHS KIaCCHYECKOH JOTHKH JICHCTBYIOT B
€IMHOM TIPOCTPAHCTBE paccMaTpuBaeMoil mpoOnemartuku. AOCTpakims
paboraer B IBYX ITPOCTPAHCTBAX - OPUTHHAILHOM U aOCTPaKTHOM.

AOcTpakuust - 93TO JIOTHYECKMH IPOLEcC, KOTOPBIH OTOOpakaer
MIPEACTaBJICHNE, OpPUTMHAIBHOE ONMUCaHWe MpolieMbl, Ha aOCTpaKTHOE
MIpeACTaBICHNE, TOpa3ao Ooyiee KOMIAKTHOE M ymoOHOe aist oOpaboTKH.
AOcCTpakys IO3BOJIIET AareHTy, NPHHUMAIOIIEMY pEIICHHs, BBIICIATH
CYIIIECTBEHHBIE CBSI3H MEXTy 00BbEKTaMH. 3a cueT OTOOpaskeHUs! 0OBEKTOB B
rubKkoe abCTpaKkTHOE MPOCTPAHCTBO MOXKHO YCTAaHABIHMBATH CBSI3b MEXKIY
00BEKTaMH pa3HBIX KiaccoB. Omepanuu CpaBHEHHS OOBEKTOB W3 Pa3HBIX
KJIaCCOB IIPOM3BOAATCS B aOCTPAKTHOM IIPOCTPAHCTBE, Al YEr0 Ha HEM
BBOAWUTCA OTHOIICHWE YaCTUYHOI'O IIOpsJaKa. C BBIYHCIIMTENHHONM TOYKH
3pCHUA a6CTpaKHI/I$I - TEXHHKa IIpU3BaHHasA JJid TOrO, ‘-ITO6BI CAcIaThb
IpaKTUYHBIM N3Yy4YCHHUE )51 IJIaHUpOBAaHUE AJITOPUTMOB B  KPYIIHBIX
TIPUKJIaJHBIX 3a/adax.

AKT aOCTpaKkIuu COCTOUT M3 TpeX 3TaroB. [lepBblil nenmaer oToOpakeHne
O00BEKTOB U3 pAa3HBIX 0a30BBIX NPOCTPAHCTB B €IWHOE OTBIEYCHHOE
(abctpaktHOE) mpocTpaHCTBO. OOBEKTH IMpPeoOpasyloTcsi B aOCTpakTHBIC
cocTostHAs. Ha BTOpOM JTame NPOM3BOAMTCS CpaBHEHHE aOCTPaKTHBIX
cocTosHUH (MeTomoM yHUHKanmn). Tpetnuit nemaer oOpaTHOE 0TOOpaKeHHE
13 abCTPaKTHOTO MPOCTPAHCTBA B OPUTHMHAIBHOE, NPH KOTOPOM arcHTy
BO3BpALIAETCSI MHOYKECTBO BO3MOXHBIX pewmeHui. Yucino pemeHuit
BapbUpPYyeTCS B 3aBUCHMOCTH OT BBIOpAaHHOTO ypoBHs aOctpakuuu. [lonGop
HanOosee MOJXO/IIEr0 PEIIeHHs TaK JKe OCYILECTBIIETCs YHU(UKaueH, B
KOTOPOM Y4YacTBYIOT TOTEHIMaNbHbIE PEUIeHUs W 0a3a 3HaHWU oOnacTu
TIPUHSTHUS PELICHUSL.

VYHu¢ukanus B JOrMYECKOM BBIBOJIE — 3TO NPHUBEACHHE BYX COCTOSIHUH
00BEKTOB K OTHOMY 3HaueHHIO. [Ipy 5TOM HecBsI3aHHBIE 3HAYEHUS M3 OJHOTO
COCTOSIHMSI OyAyT 3aIllOJHEHB! 3HAUCHMSIMH W3 JIPYroro cocTosiHus. Ecmm
OJMH OOBEKT HE CBA3aH, TO BBIOJIHAETCS IPUPABHUBAHUE €My 3HAYCHHH.

[Tpn aBTOMaTHYECKOM yNIPABICHUH JIETATEIFHBIM AIIIAPATOM OCTPO BCTAET
BOIIPOC HEMOJTHOTHI 0a3bl 3HAHWH CHCTEMBI IPUHATHS petieHni. JlocTikenne
MIOJTHOTBI MOXXET OBITh OCYIIECTBIEHO Yepe3 CBOAMMOCTh K H3BECTHOU
CUTYyallMH C TOMOIIBI0 TEXHWKH aOCTPAaKTHOTO AacCOLHATHBHOIO BBIBOJA.
KavecTBO MpoylIMpOBaHHBIX PEIIEHUH 3aBUCUT OT KauecTBa U oObeMa 0a3bl
3HAHUM CUCTEMBI IIPUHATUA PCIICHUS.
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OneHkKa TOYHOCTH KOHEYHO-PA3HOCTHOM cXeMbl P PelieHNuH 32124 0
HECTAIIMOHAPHBIX TEILUIOBBIX MOJIAX B IUIOCKHX IIACTHHAX
Jlasnenko A.C.

CubHUA, r. HoBocubupck

OmnpeneneHre TEIUIOBBIX TOJECH B KOHCTPYKIHUSIX M 000JOYKAX SBIISIOTCS
BKHOHM COCTaBJIAIONIEN MPOYHOCTHOIO pacuéra, TaK KakK HampsDKEHUs,
BBI3BaHHBIC TEMIICPATYPHBIMH JIeOopMaIMsIMH MOTYT B Pa3bl MPEBHINIATH
HaIpsDKEHHS OT MPWIOKEHHBIX HArpy3ok. [Ipu TemnoTexHu4eckux pacyérax
HAaWOOJIBIIYI0  CIOKHOCTH  TPENCTABIAIOT  PAacyEéThl  HECTAIlMOHAPHBIX
npoueccoB. Takue mporecchl BCTPEYAIOTCS MPH MPOrpeBE TEIIO3AIIUTHBIX
o0oJoUueK, Tepexone Ha CBEPX3BYKOBBIE CKOPOCTH TOJNETa, CIIyCKe
KOCMHYECKOTO ammapara Ha 3eMIIio, 3aIyCKe IBUTaTeNeH pakeT | T.1I.

B pabote paccmorpeHa Hambojee IMpOCTas KOHEYHO-PA3HOCTHAS CXema
pelleHnss 3aJayd HECTAallMOHAPHON TEeIIONPOBOJHOCTH B MHOTOCIONHBIX
TUIOCKUX TacThHax. [Ipou3BeeHo cpaBHEHHE YHMCIEHHOTO PelIeHUs 3a1ad
CTalluOHApPHOT'O TeHHOO6MeHa C aHAJIMTUYCCKUMHU PCHICHUAMU. BrmosHeHb!
YUCIICHHBI  pacdyéT HECTAMOHAPHOTO TEIUIOOOMEHa W CpaBHEHHE
pPe3yibTaTOB MOJEIUPOBAHUSI C OKCIEPUMEHTOM. BhisBIIeHAa 3aBUCHMOCTD
TOYHOCTH PEIICHUS KOHEYHO-Pa3HOCTHOTO aHasora auddepeHnuarsHoro
YpaBHEHUS B YACTHBIX MPOU3BOJHBIX OT uncia Pypbe, KOJINYECTBA y3IOBBIX
Touek 1o ToxmHe. ChopMyIMpPOBAaHE PEKOMEHAAINH MO0 (POPMUPOBAHHIO
CETKHU U3 y3JI0BbIX TOUEK.

[TomyueHHbIe pe3yabTaThl MOTYT OBITH HCIIOJNBE30BAaHBI MHXKCHEPAMH IIPH
ONTHUMM3ALUM PAacYETOB BHYTPEHHUX HaNpsKEHUH, BbI3BAaHHBIX I'PAIUEHTOM
TEeMIIepaTyp, BPEMEHH YCTAHOBJIEHHMS CTAI[MOHAPHOTO TEIUIOBOTO PEKHUMa
IJIOCKOM MHOTOCTIOMHOM TETUIOM30JISLUN, ONMPEACIICHUH TEIUIOBBIX MOTOKOB,
HEOOXOMUMBIX JUIS UCTIBITAHUS 00pa3ioB 000JIOUEK.
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9. MoJioexkHasi CEKIUS 110 HCTOPUH
ABMAKOCMHWYECKOM TeXHUKH

I'enepanbnblii koHcTpykTOp H.JI. Ky3Henos u ero OKb
Aptemsbes JI.H.
CT'AY, r. Camapa

JlaHHBIN NOKJIa] O TeHepalbHOM KOHCTPYKTOPE aBUAIIMOHHBIX, PAKETHBIX U
HazeMHBIX jaBurarensx Hukomae Jmutpueuue Kysuerose (1911-1995), 06
nctopun coszganuss ero OKb. Joknmax mpuypodeH k 100-nmeturo co aHA
poxnenuss H.JJ.Ky3nenmoBa — akajgeMuKa pOCCHUHCKOM akaleMuu Hayk,
JMBAKIBI TePOsl COIMUAIMUCTHYECKOTO TPyHa, jaypeaTa JCHHWHCKOW TpPEeMUH,
JOKTOpa TEeXHHMYECKHUX HAyK, [TOYETHOTO TpakaaHWHa ropoga Camapsl — H
SIBIIICTCSI aKTOM IIPHU3HAHUS €0 TajlaHTa W WCKIIFOUUTENFHBIX 3aCIIyT Iepen
OtegecTBOM.

CeroziHsi CTOUT CKa3aTh, 4TO B pa3Hble nepuoabl xu3uu H./l. Kysuenoy
HIPUXOAUIIOCH PEeIIaTh 33a4 HE TOJIBKO CO3JaHHOTO UM KOHCTPYKTOPCKOIO
0rOpo, HO W BCEU JBHUraTeICCTPOUTEIbHOH, aBHAIIMOHHOH W OOOPOHHOMU
MTPOMBIIUIEHHOCTH TOCYAapCTBa.

[Ton onBITHBIM PYKOBOJICTBOM M IIpW HemocpencTBeHHOM ydyactun H.JI.
Ky3nenosa komnektuB mpeampustus ¢ 1949 mo 1994 rox cosman 57
Monu(UKAINA TBUTATENICH, MHOTHE W3 KOTOPBIX [0 CHX TIOp HE HMEIOT
aHamoroB B mupe. JIBurarenu mapku « HK» Hamumm mmpokoe mpuMeHeHHE Ha
MACCAKUPCKAX,  BOCHHO-TPAHCIIOPTHBIX,  BOCHHBIX  CaMOJIeTax M
SKpaHOIUIaHaX, CO3JaHHBIX BEAYLIMMH POCCHUHCKUMHU KOHCTpyKTOpaMu XX
Beka: A.H. TymonesiM, C.B. WnprommuemvM, O.K. AnToHOBBRIM, P.E.
AnexceeBbiM. [lo 1990-x romoB MOYTH MOJOBHHA TIPYy30MACCAKUPCKUX
MepeBO30K B CTpaHE OCYIIECTBIIAIach Ha camoineTax ¢ asuratensmu HK, u
y)X€ He OJHO JECATHIIETHE Ha HMX JIETAaeT BCS POCCHICKas cTparernyeckas
aBHAIHA.

HacJyieque MekIyHAPOIHOI0 COTPYAHMYECTBA B HCCJIE0BAHUM KOCMOCA
— (pyHIaAMEHT OCBOEHHS 0KOJI03€MHOT0 MPOCTPAHCTBA
Wnpnna [.U., lllekounxuna B.B.
MAM, r. MockBa

4 oxta6psa 1957 roma mpomsomnio HeBeposiTHOE coObiTHe! B 3TOT nMeHb
MIJUTHOHBI JIFOZICH NMPUBETCTBOBAIM IepBoro mocmanna 3emun B Kocmoce.
INocne monera COBETCKOro CIyTHHKAa KOCMHUYECKUE MCCIEJOBAHUS MOy YU
pasBuTHEe B IeJIOM psne crpaH. Kaxkaas w©W3 HUX, BBIIONHSS CBOIO
HallUOHAJIBHYIO KOCMHUYECKYIO IPOTrpaMMy, BHOCHUT CBOM BKJIaJl B pa3BUTHE
MHUPOBOI KOCMOHABTHKH. Ho, 00beIMHNB yCHIIUS B U3YYEHUH OKOJI03€MHOTO
IIPOCTPAHCTBA, YAACTCS JOOUTHCA Topa3o OONBIINX Pe3yIbTaToB.
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[lepBbIMHU IIaraMu K COTPYIHHYECTBY cTano oOpazoBanue OpraHu3anuu
kocmuueckoil cBssu MHTEPCIIYTHUK, ero nenpio OBUIO CO3JaHUE H
pa3BUTHE MEXAYHApOJHOW CHUCTEMBI CIIyTHHKOBOM CBSI3M B HHTepecax
BXOAAIIMX B ee cocraB rocyaapctB. CorjameHde O CO3JaHWU ObLIO
nonucano 15 Hos0ps 1971 roxa u Betynmio B cuty 12 umronst 1972 roga. B
MIOJIUTUYECKOM OTHOIIEHWH OH OB YYPEXKAEH B KadecTBE HPOTHBOBECA
cozganHon 20 asrycra 1971 roma moa srumoit CIIA MexayHapoaHoit
opranmzaiy ciyTHHKOBOH cBsi3u (MHTEJICAT).

B mawane 60-x rozoB 3amaJHOEBpPOINEICKHE CTPaHBI NPHHSIN PELICHUE
MIPOBOJIUTH B OOJIACTH KOCMOCa MOJHUTHKY, He3aBucumyoo ot CHIA. B 1975
rogy mnpencrasurenn 11 crpan mnoxnmcanu KoHBEHIMIO O co3maHuH
Esponetickoro kocmuueckoro areHrctBa (EKA). K 2011 roxy EKA cocrour
u3 18 MOCTOSHHBIX UYICHOB, B HEKOTOPHIX NPOEKTaX NMPHHUMAIOT ydacTHe
Kanana u Benrpust.

15 wmons 1975 roma CCCP wm CIIA o0benmuHWIM CBOM YCHIUSL B
HCCIIeIOBaHUM KocMoca. 3amyckoM kopabieir «Coro3-19» U «AmnosuioH»
HayaJjcs MepBbIi COBMECTHBIN KOCMHUYECKHUI MOJET MpeaCcTaBUTENEH pa3HbIX
crpad. Munnmaropom Opmo HACA (Hammonamsnoe arentctBo CIIA mo
a’pOHABTUKE W KOCMOCy). 17 wions KOpaOMM COCTHIKOBAINCH, CTaB
mpooOpazoM OyIymied MeXIyHapoOHOH KOCMHYECKOH CTaHOWU. IIpoexT
«Co103—ATIONIIOH» BOIIEN B MCTOPHIO KaK KPYNHBIN IIar Ha IyTH OCBOCHHMS
KocMoca 00beIMHEHHBIMH YCHIIMSIMU Pa3HbIX CTPaH.

B 1979 rony 8 CCCP nHauanock ctpoutenbctBo ctanmmu « MUPy. TlepBorit
KOMITOHEHT, 20-TOHHBIH 0a30BbIi MOAYJb, ObLI BBIBEJEH Ha OpOUTY B
¢despane 1986. «MUP» crpomwin Tak, 4ToObI K 0a30BOMY MOXHO OBLIO
MMOCTOSIHHO ~ J00aBNIATH HOBBIE Momynau. 23 mapra 2001 roma, wu3-3a
JIOPOTOBH3HBI JajibHEHIIEH OKCIUTyaTalliH, CTaHIMsA Obula 3aTOIUICHA
B 10kHON wactu Tuxoro okeana. Cranuus «MUWP» BmepBele mno3Bonmia
peanu30BaTh MOAYJIBHBIN MPHHINI IIOCTPOCHUS OPOUTAIFHOTO KOMILIEKCA, U
9TH HaBBIKM OKA3aINCh HE3aMEHHWMBI MIPU CO3JaHUM MEXIyHapOmgHOU
KOCMHYECKOW CTaHINH, KOTOpoe Hadanoch B 1993 romy oObeaMHEHHBIMHU
yemmsimua Pocenn u CIHA. K 2011 roxy B mesxxmynapogaoM mpoekte MKC
ygacTByloT 15 crtpad. 3a Bcio ucroputo kocMoHaBTHKH, MKC — campbrit
JIOpPOTOl U KPUTUKYEMBIM KOCMUYECKUI MPOEKT, HO CTAHLHS CYLIECTBYET, U
STHM OHa JO0Ka3bIBa€T BO3MOXHOCTh M NPOAYKTHBHOCTH MEXIYHApOIHOTO
COTPYAHHUYECTBA B KOCMOCE.
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CucreMa TMHAMHYECKOI'0 OTOIICHHUSI € MCIOJIb30BaHNEM BUT AT
Crupannra
Hukonaes U.N., Hoponuna T./., BogonesnoB A.A., MakcumoBuu M.1O.,
3BsruH A.A.
PHII «Kypuarosckuii uacturym», OY COILI Ne 1515, r. Mocksa

Pabota mocBsmiena BorpocaM pa3pabOTKH CHCTEMBI OTOIUIEHHS Oy Iy1Iero.

Kak usBectHo, cunrtaercd, uro k 2050 r. Ha 3eMie UCCIKHYT MPUPOAHBIE
3amackl HeYTH W Tasa, 4To MOOYKJaeT K CO3JaHWI0 IMPUHIUINAIEHO HOBOU
CHCTEeMbl OTOIUIeHHWS. B  pabore mpeanaraercst TPOEKT CHCTEMBI
JUHAMHYECKOTO OTOIUICHHS C UCIIONIb30BaHNeM aBuraTesst CTHpIIHTA.

Jsurarens CTupiauHra npocT B UCIOJIL30BAHUH, OECIIyMEH, €TO TIIaBHBIM
KadeCTBOM SIBIISICTCSl €r0 «BCESIJHOCTB» — OH MOXET paboTaTh Ha JF000M
BUJIE TOIUIMBA, BKJIFOYAs IPEBECHHY M COTHEYHYIO SHEPTHIO.

B mpomecce pabGoThl Hal NPOEKTOM, HAa OCHOBAHMM HCCIEAOBAHMI
NPUHOUIOB paboThl jBurarens CTHpAMHTA, OBUT W3TOTOBIEH OIBITHBIN
00pa3er-npoTOTUIl JBHUIaTellsl JUIS WCIOJIb30BaHHS B pPacCMaTpPHBAEMbIX
LeNISIX.

beur  ompemenen  KIIJ] nBurarens, ObUIM 1OCTPOEHBI  (HOPMYIIBI
3aTpaueHHON U NOJTY4YEeHHOH YHEPTUU.

[IpencraBnenHast mpoeKTHas pa3pabOTKa MOXKET OBITH B35Ta 3a OCHOBY
MIPAaKTHYECKON PEeKOMEHJAIWH TP TTOCTPOCHUS SKMIIUINA, HCIONB3YIOUMIETO
CHCTEMy JAWHAMUYECKOTO OTOIUIEHMS Ha OCHOBE palOTBhl JBHUTaTels
CrupnuHra.

JABurarens CTUpPJIMHIA 11 aBTOMOOWIS Oy 1y1ero
Huxonaer N.U., Noponuna T.J1., Bonsmun [1.C., Byonukos A.A.,
VYBapos A.B.

PHII «Kypuarosckuii uacTUTyT», [OY COLI Ne 1515, T. MockBa

B HacTtosmee Bpemsl cuMTaeTcsl MNpPH3HAHHBIM, 4YTO IEpPexXo] Ha
BO300HOBISieMble HCTOYHMKH dHeprunm (BUD) sBusiercss ocHOBHOMU
TIEPCIIEKTUBOM Pa3BUTHS UEJIOBEYECTBA BCIEICTBHE OBICTPOTO HCTOIICHHMS
HCKOIIAEMBIX NCTOYHUKOB SHEPTUH U CHIPHSL.

B mperncraBieHHBIX MaTepuanax pa3padaThIBACTCsl WAES NMPUHIMITHAIBHO
HOBOTO  aBTOMOOWIS  Oymymiero, WCIOJNB3YIOMETO  BO300HOBISIEMEIC
WCTOYHMKHM D3HEPruu. Takod IOAXOJ TOMOMKET COXPAaHUTH JOCTIKEHHS
MPOMBIIIJICHHOW IMBUIM3AlMM M PEaTU30BaTh BO3MOXHOCTH YCTOMYHBOIO
pa3BUTHs 4YEJIOBEYECTBA HA JJIMTEIBHYIO TEPCIEKTUBY C IIOMOIIBIO
ucnonb3oBanus BUD.

B kauecTBe METONOB HCCIENOBAaHMS HCHOJIB30BAINCH: COOp M aHAIM3
nHpopMarmu 0o BUD u BOmOpOAHON aKKyMyJSIIMM DHEPIHMM HAa OCHOBE
TOIUTMBHBIX 3JIEMEHTOB M JJIEKTPOJIM3EPOB (3TAll 3aHSUT TPH roja), U3ydeHHe
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BUJIOB W TPHUHIMIIOB pPa0OT pa3HBIX JIBUTaTeliei, KOJIMYECTBEHHBIE U
KayeCTBEHHBIE JIKCIEPUMEHTANbHbIE METOAbl HCCIENOBaHHUSA C IIENBI0
TIOJTy4€HHs JaHHBIX, paboTa B (JOKyC-TpyTIax.

[MpakTHueckass 3HaYMMOCTh PabOTBHl  TNPEACTABISETCS — CIEIYIOMICH:
BblpaboTaHa KOHIENTyaJbHash MOJENb Hauboiee MOAXOIAINas Mo
rapameTpaM, AOKa3aHbl BO3MOXKHOCTb M HEOOXOIMMOCTH IOCTEIICHHOTO
BHEJPEHISI aBTOMOOWIICH, HCIIONB3YIOMUX ABuraTens Ctupiuara Ha BUD.

B mponecce paboThl Hal IPOEKTOM OBUTH M3y4eHBI OCHOBHBIE (pH3NYECKHUE
MOHATHSA M 3aKOHBI, ONMCBHIBAIOIIME MpPeoOpa3OBaHME pPa3UYHBIX (HOpPM
SHEPTUH, U3YIaIUCh TPOOIEMBI COBPEMEHHOM YHEPIETUKH 1 OCHOBHBIE BHJIBI
BUD, a takke moapoOHO paccMaTpuBaiIiCh 0coOeHHOCTH ITiKiIa CTHpIMHTA.

Wzrorosnena neiicTByromas Moaenb Asurarens CTUpIUHTA.

Hrorom paboThl CTa0 NpeIioKeHne ABYX BapUaHTOB CXEMbl aBTOMOOHJIS
Oyaymiero, WCIoJb3yIomiero asurareidb CTUPIMHTA, W TMPEICTABIISIOIINX
co0o0il THOpUAHBIH aBTOMOOWIbF M ITIOJIHBIN 3JEKTPOMOOWIL C aBTOHOMHOMN
CTallMOHApHOH 3ampaBkoil. Takke NpeuMyIIECTBa, KOTOPblE HMMEET 3TOT
aBTOMOOWJIb, MOTYT CTaTh pEIIEHHEM HEKOTOPHIX TJIaBHBIX OYAyIINX
mpo0iem, MTOTEHINAIEHO MOTYIINX BO3HHKHYTh BCJIEZICTBHE
MIPEATONIaraéMbpIX  SKOJOTHUECKOTO, CHIPEBOTO M, KaK  CIEICTBHE,
9HEPreTHIEeCKOro KPU3HUCOB.

IIporpaMMHO-JIMHIBUCTHYECKUIT KOMMYHHUKATOP
JJIS1 KOCMHUYeCKHX TYpPHCTOB
Hepxxasuna U.P., bycnos /I.U., Eropos E.M., Kapanetsu C.M.,
Jleonosa JI.B., CasenbeB C.K.
MAUN, I'OY COII Ne 1213, r. Mocksa

[MpencraBnsieMast paboTa BBHINOIHEHA B paMKaX OCHOBHBIX TEMaTHYECKHX
HanpasneHnii nesrenbHoctt MMKB — MHOTONpOoGMIBHOTO MOJIOAEKHOTO
KOHCTPYKTOpckoro 0ropo CeBepHOro y4eGHOro okpyra r. MOCKBBL

B mHactosmee BpeMs KOCMHYCCKMH TYpH3M  SIBISIETCS.  aKTHBHO
Pa3BUBAIOLIMMCS HalpaBJIeHHEM B KOCMOHABTHUKE M y HETO MOTEHIHAIBHO
Oonpioe Oymytee.

OO0ydeHne KOCMHUYECKHX TYPHUCTOB W3 Pa3HBIX CTpaH M WX OOIIEHHE
MIPOMCXONUT HAa AHTIHMHCKOM M HA PYCCKOM S3bIKaX, MMEIOIIMX CTaTyc
«MEXIYHApOAHBIX KOCMHYECKHX S3bIKOB». OJHaKo, MOMHUMO 3HaHHS
OBITOBOTO AHTJIMHCKOTO SI3bIKa MHOCTPAHHOMY TYPHCTY, Misi 3(deKTHBHON
KOMMYHUKAllMd ~ HEOOXOJMMO  3HaTh MHOXECTBO  TEXHHYECKHX U
MpoQeCCHOHANBHBIX TEPMHUHOB. PazpaboTka TeMaTHYeCKOro 3JEKTPOHHOTO
CJIOBaps-KOMMYHHKAaTopa B 3TOM Cilydae Morjla Obl NOMOYb PEHIUTh 3Ty
npoOemy.

[MpencTaBneHHBIN MPOEKT MpEACTaBIsAET cOO0H pa3paboTKy IPOrpaMMHO-
annapaTHOTO KOMIUIEKCa, B TOM YHCIE, KOMIIBIOTEPHOTO MPOTrPaMMHOTO
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obecrieueHns, TO3BOJSIONIEr0 cHOpMHUPOBaTh 0a3y Uil TEMaTHYECKOTO
JJIEKTPOHHOTO CIIOBAapsi 10 DPaKETHO-KOCMHUYECKOM TeMaTWKe W Jajiee
00€ecCIeunThb ero UCIoIb30BaHNE Ha MIPAKTHKE.

ABTOpPBI TIpOEKTa IOJAraloT, 4YTO HCIIOJIb30BAaHHWE JJIEKTPOHHOTO
TEMaTHYECKOTO CJIOBApsl 3HAYUTENBHO YIPOCTHT OOy4eHHe KOCMHYECKHX
TYPUCTOB M PACLIMPUT CIIOCOOBI OOICHHUS.

beun onpezeseHsl ClieyIoIue Lelld U 3a1a41 padoThL:

pa3paboTaTh OTpaHUYCHHBIH 00BheM HEOOXOIMMEIX ()pa3 U TEPMHUHOB II0
KOHKPETHOMY pa3lely paKeTHO-KOCMHYECKOH TeXHHKH (Ha NpHMepe
ckadaHapa U BEIXOJa B OTKPBITEIA KOCMOC),

pa3paboTtaTh NporpaMMHOE OOecIiedueHue, MO3BOJIIoNee CHOPMHUPOBATH
0a3y HaHHBIX Ui JJIEKTPOHHOTO TEMaTHYECKOIro CJIoBapsi 10 3aJaHHOW
TEeMaTHKe,

IIPEACTaBUTh IIPOrPaMMHO-AIIAPATHBINA KOMIUIEKC B BUJE TEMATUYECKOTO
9JIEKTPOHHOTO CIIOBaps-KOMMYHHUKATOpa,

NPOBECTH HCIIBITAHUS W ONPENENUTb IOJHOTY U 3((PEeKTHBHOCTH
WCIIOJIb30BaHUS TOJOOHOIO KOMMYHHKAaropa MpH HMMHUTAlMH pabodux
YCIIOBUH.

Orarnsl paboThL:

W3yYCHHE U aHAJIM3 JINTEPATYPHBIX M HHTEPHET-UCTOYHHKOB,

otOop M (QOopMHpPOBaHHME MHUHHUMAJIbHO HEOOXOIMMOTOo BOKaOyIsipa IIo
pasneny,

pa3paboTKa MPOrpaMMHOT0 00eCTIeueHus,

CO3JIaHME DJIEKTPOHHOH BEpCHMHM KOMMYHHKATOpa, 3alloJIHEHHWE 0asbl
JAHHBIX,

pa3paboTka METOIUKH SKCHEPHUMEHTAIBHOH TPOBEPKH 3PQPEKTUBHOCTH
MIPOTPaMMHO-aNIAPaTHOTO KOMILIEKCa,

MIPOBEJICHUE CEPUI DKCIIEPUMEHTOB,

aHaJN3 MMOJTYYCHHBIX PE3yIIbTATOB.

PesynbTaThl McciienoBaHMs MOKa3ajiH, YTO pa3pabOTaHHBIA MPOrPaMMHO-
anmapatHbli KOMIUIEKC YHOOeH M 3((EKTHBEH NpH HCIOJIb30BaHUH, OH
MOJKET OBITH MHTEPECHA IMMOTPEOUTEITIO.

[IpoekT obmamaeT OOMBPIIMMH BO3MOXKHOCTSAMH sl pa3BuTusi. Hambomee
MIepPCIIEKTUBHBIC HAIIPABIICHUS Pa3BUTHUS MIPOEKTA CICIYIOLINE:

pacuiupeHue 0a3bl JCKCHUYSCKHX EIWHHUI[ M0 JaHHOW TeMaTuke, JHOOo
¢dbopmupoBaHue 0a3pl MO JAPYrol TeMaTHKe, HalpUMEp, MO MeEAUKO-
OMOJIOTMYECKUM pa3JiellaM KOCMUYECKOH JIeSTeIbHOCTH,

B paMKax JaHHOW TEMaTHKH HMEETCSI BO3MOXHOCTh (HOPMHUPOBAHUS
BOKaOyJIsipa Ha JPYroM HHOCTPAHHOM SI3BIKE, HAIpUMeEp, Ha KUTalCKOM,

UMEIOTCS BO3MOXKHOCTH Ui MOJIEPHHM3AallMM ¥ COBEPIICHCTBOBAHUS
MPOrPaMMHOTO 0OECIICUCHHUSI.
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Pa3pa6oTka o6pa3unos nerarenapHoi TexHuku B 'OY COI Ne 1384 B
pamkax aesreabnoctu MMKB CesepHoro okpyra r. MocKBbI
Jlenener B.U., OgnoBonuk FO.B., JJobanos K.A.

T'OY COI Ne 1384, MAU, r. Mocksa

TBopuecknii KOJIEKTHB, CPOPMHUPOBAHHBIA M3 OOYYAIOMINXCS CEIbMbIX-
necateix kimaccoB 'OY COILI Ne 1384, B TedeHue psina JeT B paMKax
MornozieXHOro MHOTONpoGHILHOrO KOHCTpyKTOpckoro Oropo (MMKB)
MIPUHUMACT ydYacTHe B paboTe Haj aBHanpoeKkToM. ['pynma ydamuxcs,
yuuTenei, mnpenojaBaTesied U crygeHToB  MAW  ocymiecTBIsIOT
MIPOEKTUPOBAHNE U CO3JaHHE MOJEIM JKpaHOJeTa — IPy30IacCaXXKMpPCKOro
JeTaTenpHOro ammapara i paiioHoB Kpaiinero Cesepa u JlambHeEro
Bocroka, cmocoOHOTO TPOW3BOAWTH IOCAAKy HA HEMOATOTOBJICHHBIC
TUTOIA/IKH, BKIIFOUast BOJHYIO IIOBEPXHOCTb.

HayuHo-MeTognyeckoe  pyKOBOACTBO ~ TPOEKTOM  OCYIIECTBISIETCS
(daxyapTeTOM ABHAIMOHHAs TEXHUKAa M ADPPOKOCMHYECKUM (haKyJIbTETOM
MAU.

Ha mepBom 3Tame mpoBoguMBIX padoT, B LENAX aHAU3a OCOOEHHOCTEH
pa3paboTKy JIETaTeIHbHOTO ammapara, U3y4eHus] CBOWCTB €ro KOHCTPYKIIUH,
W3y4YeHHUs] cXeMbl paboThl AKpaHa, Obla MOCTpOEHa JIEHCTBYIOIIAS MOJENb
SKpaHOILIaHA.

Pabota Havanach ¢ M3ydeHUs YyepTex el NMPOTOTHIA, B KAYECTBE KOTOPOTO
Obu1 BBIOpaH okpaHomiaaH «YT-1» W pa3paboTKM C HCIIOJNB30BAHUEM
HMH)XCHEPHO-KOHCTPYKTOPCKOM ~ KOMIIBIOTEPHOM  mporpamMmbl  «Komrmacy
YepTexel Ul MOJIENN SKPaHOIUIaHA.

Bbuti M3roToBNIEHB! pabodne YepTEeKH, H3TOTOBIEHBI ACTAN SKPAHOIIIaHA
1 BBITIOJIHEHA COOPKA MOZEIH.

KoneuHo, 3HaHMI HE XBaTajlo, OCOOGHHO TP IMPOBEIEHHU CEPbE3HBIX
pacueToB, MOITOMY 3a KOHCYJIBTALMSAMH TPUXOIMUIOCH OOpamaTthCcs K
cryzneHTaM u npenozgasateasiMm MAU. B ¢espane 2010 r. mpouum nepsbie
WCIIBITAaHHUSI MOJENN SKpaHOIUIaHa, OBbLI MPOBEICHBI PYJIEKKH, MPOOSKKH 1
nojutetsl. [lo pesynbraTaM HCHBITAaHHH B KOHCTPYKLIHMIO MOJETH ObUIH
BHECEHBI I3MEHEHUS 1 IIPOU3BEICHA TOTIOJIHUTENBHAsS 10paboTKa.

B xone BbIMoOMHEHMS PabOT IIKOJBHUKK TMO3HAKOMHINCH € 3((eKToM
9KpaHa, IOYYBCTBOBAJIM, YTO TAKOE 3aKOHBI a3POJMHAMHKH, YBHUACIH HX
JEeWCTBHE Ha IPAKTHKE, HAYYWINCh CO3/1aBaTh HCKHU3HBINA MPOEKT, OCBOWIN
COBpPEMCHHBIE KOMITBIOTEpHbIE IporpamMMel. Jletaromass Monenb 3acTaBuia
TIOBEPHUTH B CBOHM CHJIBI M BO3MOXKHOCTH.

Ha BTOpoM 3Tare sKpaHOIUIaH MPeAIoarajgoch nepeienaTb B 3KpaHoJIeT.

Ho coBet TBOpueckoil Irpymmbl NPUHSIT pellieHHe U3MEHUTh HalpaBlieHHE
paboT ¥ MPHUCTYNHUTh K IMOCTPOHKE HOBOW MOJCIH TPy30MacCakUPCKOTro
sKpaHosieTa. B Hacrosiee Bpemst mpoiifieHa cTaausl U3TOTOBIEHUS MaKeTa U
07M3Ka K 3aBepIIeHHI0 paboTa HaJl IETA0IEeH MOJIEIbIO.
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Tpernii stam mpeanonaraeT pa3pabOTKy yOMpaloOIIerocs «IIaccu», B
Ka4yecTBe KOTOPOT'0 BBICTYMAET YOUPAIOIIasicsi BO3LyIIHAS ITOTYIIKA.

Mogens 5KpaHOIUIaHA y4acTBOBaja B HECKONBKMX KOHKYpCcax Hay4HO-
TEXHMYECKOTO TBOPUECTBA MOJIOJICIKH, PE3YJIbTaThl paboT JOKIIAABIBAIHNCH Ha
psine HaydHbIX KoH(pepeHIMH. B Xxonme paboThl Haj NMPOEKTaMHU YYaCTHHKH
TBOPUYECKOTO KOJUIEKTHBA OCBOWJIM JIEMEHTHI HOBBIX UISI ce0S M pa3HBIX
THIIOB JeATebHOCTH: TIPOEKTHO-M3BICKATEIBCKYIO JeSITEIILHOCTB,
HCCIIeI0BATEIBCKYTO, KOHCTPYKTOP-CKYIO, OpTaHU3aLHOHHYIO,
ynpasieHdecKyro. [Tomydnnm npakTHYeCKHi OIBIT COYETaHUS PA3HBIX THUIIOB
JEeATEIbHOCTU B CBOEGH JKHM3HU.

B nactosmee Bpems B pamkax MMKB B 'OY COLI Ne 1384 Bemytcs
pa0oTHI:

10 M3TOTOBJICHHUIO BEPTOCTATA,

o MIPOEKTHPOBAHUIO U H3TOTOBJICHUIO YHHUBEpCaIbHOU
PpoOOTH3MPOBaHHOH IIAT(OPMEL,

10 MOJIEPHU3AIMU TUIIOPA3MEPHOTO CEMEHCTBA N3TOTOBIEHHBIX POOOTOB-
1I1apoB.

Co3manne MMKDB B CeBepHOM OKpyre M IOJOOHBIX OpraHU3andil B
JOPYTHX OKpYraXx MOXKeT SBHTHCS MOIIHOH (OPMOH HHTEIJIEKTYaIbHOTO
obmennst Monmonéxu. Pabota Haj conmaabHO 3HAUNMBIMH TIPOEKTaMHu OyIeT
YUUTh CTapIIEKIACCHUKOB HE OOATbCS OTBETCTBEHHOCTH 3a IIPUHSTHIE
peLIeHUs, NCKaTh M HaXOJUTh HETPAAWIMOHHBIE TOIXOMBI, PEalH30BBIBATH
OpUTHHAJIbHBIE HHKCHEPHBIE 3aMbICIIBL.

HccnenoBaHue 3HepPreTHYecKOro NOTEHIMANA CHCTeMbI 3eMJIsl — JIyHa
Kpacnona E.B., Jlucuusia U., 3se3auna U.
T'OY nmuneit Ne 1575, r. Mocksa

JlyHa — cmyTHUK 3eMiIM, KOTOpas OKa3bIBaeT Ha 3eMJIIO OIpEIeJICHHOE
BIMSHHUE, CBSI3aHHOE, B TEPBYIO OdYepelb, C IPWIMBAMH W OTJIUBAMH,
BO3HUKHOBEHHH JIYHHBIX M COJTHEYHBIX 3aTMECHHH.

B paboTe paccMaTpHUBarOTCS M aHAJIH3UPYIOTCS MPOEKTHI, IPOBOIUMBIE IO
HCCIIEIOBAaHHIO IYHHOU MMOBEPXHOCTH, TAKUE KaK:

Cryck KOCMHYECKHX alllapaToB Ha IIOBEPXHOCTD JIYHBI,

Omneparuu TyHOXO/O0B,

Oco0eHHOCTH NPeOBIBaHMUS JIIO/ICH Ha JIYHHOH MOBEPXHOCTH.

B pabore mpoBeneHbI pacyeThl, H3MEHEHHUS BBICOT YacTeil CYIIH 3eMJIH BO
BpEMs IPUJIIMBOB 1 OTJIMBOB, a TaAK)KE€ U3MCHCHUS BbICOT IPUJIMBOB U OTJIMBOB
B 3aBHCHMOCTH OT PACCTOSIHUSI MEXIY JIYHOH M 3eMJIell B paccMaTpuBacMon
TPaBUTAILIMOHHOM CHCTEME 3eMIIs — JIyHa.

B pabote nccnemyercst SHEPreTHYECKU NOTEHIMAT CHCTEMbI 3eMIISI-TTyHa.

CymecTByIOIME Ha CETOAHSIIHUA JIeHb NPWIMBHBIE 3JIEKTPOCTAHIIUH
WCIIONIB3YIOT JHEPTUIO NMPWINBOB M OTIMBOB, (PaKTHUECKH, KMHETHYECKYIO
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SHEPIHIO BpAIIeHUs 3eMIIU. [IpUIABHAS 3JICKTPOCTAHITUS (T19C) MPEACTABIsACT
co0oit 0coOBIi BUA THUAPOIIEKTPOCTAHIMUA. AHAIM3UPYETCS TMPHHIMIT
JEWCTBHSl TPWIMBHBIX 3JEKTPOCTAHIMI, WX JHEPreTHUECKHH IOTEHIWAl B
THIpO’HEpreTHKe poccuu. [IpOoBOAMTCS CpaBHUTENBHOE HCCIIEAOBaHHE
WCIIOJIb30BAHUSI TPWIMBHBIX JJIEKTPOCTAHIIMH B MHPOBOH DHEPrETHKE,
OTIPENIEIAFOTCS TIPEUMYIIIECTBA U HEOCTATKU UX MPUMCHEHUS.

[IpenmymecTBaMu TAC ABISIETCS SKOIOTHYHOCTh U HU3KAs Ce0ECTOMMOCTD
Npou3BOACTBAa  3Hepruu. HemocraTkamMum  —  BBICOKass ~ CTOMMOCTB
CTPOMTENBCTBA M U3MEHSIOMIASCS B TEUCHUE CYTOK MOIITHOCTH, U3-3a Uero 3¢
MOXET paboTaTh TOJMBKO B COCTaBE DHEPTOCHCTEMBI, paCIIONararomeit
JOCTAaTOYHOM MOITHOCTBIO IEKTPOCTAHIINI IPYTUX THUIIOB.

Opo6uTanbHas CTAHOHA N0 YTHIN3AIHH KOCMHYECKOr0 Mycopa
Komenea H.B., Boennos A., AcinaHoB A.
T'OVY nmuneii Nel575, r. MockBa

PaboTa BpIoTHEHA B paMKax HaIlpaBJIEHUH JIESTENbHOCTH MOJIOAEKHOTO
MHOTONPO(MMIBHOTO  KOHCTpYKTOpckoro Oropo CeBepHOro oOKpyra T.
MockBpl, Ienpl0 pabOTHl SBISIETCS pa3paboTKa METOMOB  YTHIIM3AINH
KOCMHYECKOTO Mycopa.

Ha oxonmozeMHBIX OpOWTax HAXOMWUTCS 3HAYUTEIBHOE KOJMYECTBO
KOCMHYECKOTO MycOopa, B [aHHOH paboTe mpemiaraeTcs Crocod ero
YTHIH3AINH, 3aKIIOYAIOIIUICS B CO3JaHAN Ha HU3KOW OKOJIO3eMHOU OpOHuTe
CIEMANTBHOTO OPOWUTANBHOTO KOMILIEKCa Mo cOopy Mycopa MHpH ITOMOIIH
(GIOTHIMM  KOCMUYECKUX —ammnaparoB-MuHUpoOoToB. [locne orGopa u
TPaHCIIOPTHPOBKH MycOpa KOCMHYECKHMH alllaparaMu-po0OTamu, €ro B
CIeIHaIBbHBIX KaICyJlaX Pa3MemaT Ha OpOMTAIEHOM KOMILIEKCE.

Ha Ga3oBoM komIuiekce TpeOyeTcsi CO3JaHHEe MarHHUTHOTO PENbCOTPOHA,
COCTOSIILIETO M3 CHCTEMBI KOHJIEHCATOPOB, AKKyMYJHPYIOIIMX COJHEYHYIO
sHepruto. C UCIIOIb30BAaHUEM PEJILCOTPOHA KaICyJIbl OYAyT BBICTPEIUBATHCS
MarHATHBIM DPEIbCOTPOHOM C 3eMHOH opOuThel B cTopoHy ConHIa, e
KOCMHYECKHI Mycop OyIeT cropaTh, yTHIH3HPOBATHCS.

Pa3paboTaHHBIC TPEUTOKEHHS 3aKIIOYAIOTCS HE B TPAaHCIOPTHPOBKE
OTXOJIOB TIPH TOMOIIM KOCMHUYECKUX alllapaToB, a IMEHHO B OTCTPEIUBAHUN
KaIcyJs ¢ IpUAaHHEM MM HadaJbHON CKOPOCTH MPU HMOMOIIM KaTaITyJIbTHl —
MarHMTHOTO PEJIbCOTPOHA.

B mpencrarieHHol paOoTe BBINOIHEHBI pacueThl, pa3paboTaH COCTaB W
CTPYKTYpa KOCMHUYECKOr0 OpOUTaIbHOTO KOMIUIEKCA, BKIIOUYAIONIETo B ceds
¢broTHHIO MHUHHPOOOTOB-COOPIIUKOB Mycopa, yCTpoiicTBa o
«KallCYJINPOBaHUIO» MycCOpa, DJHEPreTHYECKOH CHCTEMBbl MarHUTHOTO
pEeNBCOTPOHA, IPHU IOMOLIM KOTOPOTO KallCyJlbl C MYyCOpoM OyayT
OTIIPABIISAIOTCS B OJIM3KYIO OKpecTHOCTH COIHIIA.
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YupapieHue XapaKTePUCTHKAMH MPOIYCKAHUS CBETA B CPEICTBAX
3aIIHUTHI OPTAaHOB 3PEHNS OT IeiCTBHS HHTEHCHBHBIX HCTOYHHKOB CBETA
Babwikun C.B., Kpousos B.

MAU, I'OY COII Ne 224, r. Mocksa

Co3anue CpesCTB 3alIUTHl OPTraHOB 3PEHUS OT MEPeoOTyUSHUs! SBISIETCS
Ba)XHOW 3ajaveil JuIsl CO3JaHusl HOPMAaJIbHBIX YCIOBUH INpodhecCHOHATBHON
JeSTeIbHOCTH TPH paboTe C MPUMEHEHNEM HHTEHCHBHBIX UICTOYHUKOB CBETA.

3ammTa OpraHOB 3pEHUS OT HMIIYJIBCHBIX 3aCBETOK, HAlpuUMep, IpH
YIOpaBICHUH  aBTOTPAHCIIOPTOM, JICTATCJNBHBIM  ammapatoM  Tpebyer
ABTOMAaTHYECKOW aJanTallid XapaKTepHCTHK IPOIyCKaHHs CBeTa JUIs
CPEINCTB 3aIUTHl 3pEHHS K YPOBHIO OCBEIICHHOCTH M HMITYJIbCHBIM
BEIOpOCaM OOJyIEHHOCTH OPTaHOB 3PEHUSI.

ITpu 5TOM HE MOIDKHEI OBITH NMPEBBILIEHBI IOPOTW OOJTYYEHHOCTH IJIa3a,
olpeenseMble HEPEHOCUMOCTBIO CBETOBOTO O0IyYEHHS.

[Mocnennee TpeOOBaHME MOXET OBITH BBINOJHEHO TIPHU  HATUYUH
OIIPE/ICICHHOTO YPOBHS OCTa0JeHHs CBETa CPEACTBAMH 3aIlUTHI 3pEHHS B
COCTOSIHUH TIO/IABJICHHSI UMITYJILCHBIX BBIOPOCOB OOJIyYEHHOCTH U CKOPOCTH
TIEPEKITIOYEHUSI CPEACTBA 3aIIUTHI K JAHHOMY YPOBHIO OCJIa0IeHNSI.

B Hacrosimedd paboTe BBINONHEH 0030p WMEIONIMXCS TEXHUYECKHX
pelIeHHni 3aJadl, NpeUIokKeHa KiacCHOUKAMI W TepedeHb BO3MOXKHBIX
peLIeHHH, pacCMOTPEHBI MEPCIEKTUBBl HMCHOJB30BAHUS  IIPEIIaraeMbIX
METOJIOB I 3alIUTHl OT JIa3epPHBIX AaTak ITWIOTOB BO3IYIIHBIX CYHOB
COBEPIIAIOIINX JBIKEHHE B 30HE OTBETCTBEHHOCTH a3pPOIIOPTOB.

OuneHka 10NyCTHMBIX YPOBHEH CBETOBOro 00.1y4eHHs IJ1a3a Npu
CO3JaHHMH CPEJCTB 3aAUIUThI OPTaHOB 3PEHMs OT AelCTBUS HHTEHCHBHBIX
HCTOYHHKOB CBeTa
Bbaosikun C.B., Bacunenko A.

MAU, T'OY COII Ne 224, r. Mocksa

Pa3Butue COBPEMEHHOU LUBUIA3aUN cOo3/1aeT (axTOpHI
JKU3HENEATEIbHOCTH  YelOBEKa, K KOTOPBIM y HETO0 OTCYTCTBYIOT
9BOJIOLMOHHBIE Tpucnocobnenus. JlaHHble (akTOpsl BO3HUKAIOT C
pacmmpeHreM cdepsl  JeATEIPHOCTH YelIOBEKa IIPH BBIXOAE €ro B
KOCMHYECKOE IMPOCTPAHCTBO M TP OCBOCHUH HOBEHIIMX TEXHOJIOTHMMH, TAKUX
KaK, Hampumep, nasepHele. I[IpoOsembl, CBs3aHHbIE C OpraHaMH 3pPEHHS
BO3HHUKAIOT MpPU TNPEBBIIICHUH YPOBHS OOIy4EHHOCTH TIJla3a Haj ypOBHEM
COOTBETCTBYIOIIIUM OOBIYHBIM YCJIOBUSMH OCBEIICHHOCTH COJHIIEM Ha
MIOBEPXHOCTH 3eMJIM Ha HEOOJIBIINX BBICOTAX.

Taxue yciioBHs IPEBHIIEHUS] 00TYYEHHOCTH IJ1a3a MOTYT BO3HHKHYTh!
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B ropax, B BEpXHHUX CJOSX M 3a IpelesiaMH 3eMHOH aTtMocdepbl NpH
MOoJICTaxX aBHUAIIUM U NMHWIOTHUPYEMbIX KOCMHYCCKHX allliapaTtoB, a TaKXE Ha
MOBEpXHOCTH JIyHEIL.

IPU  WCHOJNB30BAaHUM HCKYCCTBEHHBIX HCTOYHHUKOB CBETA, BBICOKO-
TEeMITEPaTYPHBIX TEXHOJIOTHYECKUX IPOLIECCOB, JIA3EPHBIX YCTaHOBOK,

npu  paboTe COTPYIHWKOB CHJIOBBIX CTPYKTYp C HCIOJIb30BaHHEM
CIIELICPEICTB, HAIIPUMED, CBETOLIYMOBBIX I'paHaT,

IIPY TEPPOPHUCTHIECKUX AKTax, B TOM YHCIIE, JTa3epPHBIX aTakax Ha ITHJIOTOB
BO3/YIIHBIX CyJIOB.

ObecrieueHne HOPMANbHOTO (HYHKIIMOHHPOBAHUE YEIIOBEKAa B HOBBIX
YCIOBUSIX JKHU3HENCSTENbHOCTH MpEAIoNaraeT B paMKax pa3paboTKu
TEXHHMYECKUX CPEICTB 3alUThl OPraHOB 3pEHHS OT NepeolIydeHHs
BBINOJIHEHHE CJICAYIONINX TpeOOBaHUI:

yCTpaHEHUE 3PUTEIBHOr0 IUCKOM(OpTa BIHUAIOIIETO HA IIHUTEIHHOCTD
COXpaHeHHs1 paboTOCIIOCOOHOCTH U TIPOJOIKUTENLHOCTE paboyei CMEHBbI,

3alIUTY OT MMITYJIbCHBIX 3aCBETOK OpPraHOB 3PEHHUSI TPH YIPaBICHUH
TPaHCIIOPTOM NPHUBOJIIINX 33 CUET KaK MUHIMYM KPaTKOBPEMEHHOH IoTepn
3peHus] K aBapuHHBIM CHTyalusiM W KartacTpodam, Hampumep, IIpH
BBINOJTHEHUH IIPOTPAaMMBI TIOCAIKH BO3AYIIHBIX CY/IOB,

CHIDKCHHUSI WMHTETPaJibHOM  OONyYeHHOCTH TJWlasa 1O YpOBHI He
BBI3BIBAIOLIETO JIOJTOBPEMEHHbIE WM HEOOpaTuMble W3MEHEHHSA (YHKIMH
OpraHoOB 3pEHUs, a TAK)KE U3MEHEHUH TKaHEH riasa.

ABTOpaMHM  TIpeIUIOKEHa METOAWKA OIIEHKH MOPOTOBBIX  YpPOBHEH
OOJIy4e€HHOCTH TJIa3a, OIpEeAEIIONIMX I'PaHHIly HEePeHOCHMOCTH CBETOBOTO
o6uryueHusi. JlaHHBIN MOIXO/ CO3/1a€T BO3MOYKHOCTB OTPEJENUTh MPOSKTHHIC
HOPMBI JUTS CO3JIaHMSI CPEJICTB 3alUTHI OPraHOB 3pEHUSI OT HepPeoOITydeHHs
TIIPY OCYIIECTBICHUH NPO(ECCHOHANBEHOHN JIESITENEHOCTH.

IlepcnekTHBHAS CHCTEMA 3aIUTHI MHJIOTOB BO3XYIIHBIX CYI0B OT
JIa3ePHOT0 W3TyYeHHs
Bbabwikun C.B., Kapanersa A K., 3unoBkuH A., Jlebenes B.
MAMU, T'OY COII Ne 149, r. Mocksa

Bompocs! 6e30macHOCTH Ha BO3MYIIHOM TPAHCIIOPTE B MOCJIEAHEE BPEMs
TOTIOJTHIIIUCH TTPOOIEMOM 3alUTHI OT TEPPOPUCTHUECKUX aTaK, HIPOBOIUMBIX
cornacHo cooOmeHussM CMU myTem BO3[eHCTBHUS JIa3epPHBIM U3JIyYEHUEM Ha
MMAJIOTOB TpaXXAaHCKUX BO3AYIIHBIX CYA0OB, COBEpHIAOIIMX B3JICT WIH
MOCAZKy.

[MpoGnema 3amyTEl OPraHOB 3pPEHUS] BOIMTENEH TPAaHCIIOPTHBIX CPENICTB
BO3HHKJIA BIIEPBBIE C TOSBICHHEM aBTOMOOWMIBHOTO TPAHCIIOPTa U M3BECTHA
KaK OCJICTJICHHE CBETOM BCTPEYHOTO TpaHCHOpTa B HO4YHOEe Bpems. Kak
MIPaBHJIO, WTOTOM TaKOTO BO3ICHCTBHS CTAHOBUTCS BPEMEHHasl IOTEps
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3pEHHsI U BCJICACTBHE 3TOTO IOTEPs OPHEHTAIMH B JOPOXKHOW OOCTaHOBKE,
YTO HEMUHYEMO MTPUBOIMT K aBapHH U KaTacTpode.

B cBs3u ¢ mosiBaeHHEM HOBOI YIpO3bI 0e30MacHOCTH aBuaTpaHCIopTa Mnpu

€ro ABMKCHUHN B 30HC adpOMOPTOB aBTOPLI CHUTAIOT aAKTYaJIbHBIM pa3p360TKy
CHUCTEMbI 3alllMThl JKHIIAKa OT JIA3€pHOT'0 HU3ITYUCHUA, OGeCHe‘{I/IBaIOHIeﬁ

BO

3MOKHOCTb COXPAaHCHUA pa60TOCHOCO6HOCTI/I OKHIIAXKa B YCJIOBHUAX

JMa3epHOTO0 OONMY4YeHHsST W OOCCICYeHHs TeM CaMbM OecrepeOoiHOro
BBITIOJTHEHUS TIPOTPaMMBI TIOCAJIKH (B3JICTA).

[IpoBeneHHBI aBTOpaMM aHAIU3 OKA3bIBAET, UTO:

MOJTOTOBKA K NMPHUMEHEHHIO JIA3€PHOTO OOIYyYeHHSI NMPOTEKAET CKPHITHO
OT DJKHMaka BO3IYIIHOIO CyAHA, a COBepIIaeMas TEepPOPHCTHUYECKas
aTaka HOCUT CKOpDOTEUHBIH XapakTep, II03TOMY IPOTHUBOJECHCTBHE
Ja3epHOil aTtake NODKHO MPOBOAUTHCS IMOTHOCTHIO B aBTOMATHYECKOM
pexuMe,

CPEICTBOM 3aIUTHl OT JIA3€pHOTO M3JIYYEHHs JOJDKHA OBITh 3allMTHAs
onrtrueckast cpena (30C) pa3Meriaemas Ha IyTH paclipoCTPaHEHHUs! CBETa,
KOTOpasl MOJDKHAa HMMETh YHPABISIEMBIH KOI(QQHUIMEHT MPOITyCKaHHs
CBeTa,

MHHHUMaJIbHOE 3HaueHHne K03 dunneHT npomyckanns cseta 30C 1omKHO
HAacTymaTb NpH CpabaThIBAaHWM CHUCTEMBI 3allUThl M 0OEclednBaTh
HeoOxoanmoe ocnabieHrne OOMyYeHHOCTH CeTYaTKH TIJiaza [pu
UCTIONIb30BaHUH TIOTEHIMAIBHO TOCTYITHBIX U IPUMEHEHHUS! HCTOYHHKOB
JIa3epHOTO U3ITyUeHNS,

yIpaBJIeHHE k03 dunmeHToM MIPOIYCKaHUs 30C JIOJDKHO
OCYIIECTBISITBCS. OT TIOJICUCTEMBI PACIO3HABAHUSI TEPPOPUCTHUECKON
ataku (ITPTA), koTopas noinkHa oOecrieunBaTh HEOOXOIMMOE BpeMs
cpabaThIBaHMUS 3aIHTHI,

JIOJDKHBI OBITH pacCMOTpPEHBI pa3iuyHble BapuaHThl pazMmenienus 30C u
I[IPTA, BKkmO4Yas OCTEKJICHHE KaOWHBI IHIIOTOB, JETHBIE IIJIEMEI,
OTZETbHBIC 3al[UTHBIC OUKH.

PaGora BBINIONHEHa B paMKax OCHOBHBIX HAaNpPaBICHUH AEATEIBHOCTH

MHOronpopuIEHOTO0 MOJIOAEKHOTO KOHCTPYKTOpcKoro Oropo CeBepHOro
OKpyra r. MOoCKBBI.

Hayunas nporpaMmma ucc/ieloBaHuii B paMKaxX MUJIOTHPYeMOi
IkcneAnuM Ha Mapc
Croiiko C.®., Enuzaposa E.B., Banos A.II.
PKK «3neprus», r. Kopones, 'OY COLL Ne 596, r. Mocksa

B pabote paspabareiBaeTcs TporpamMmMa IPOBENCHHS HCCICAOBAHUI B

paMKax  TEpCIeKTHBHOW  IMIJIOTUPYEMOH MAapCHaHCKOH  AKCIIEAWINH.
PazpaboTka Ga3upyercst Ha aHanM3e MPOBEICHHBIX paHee MPeIBAPUTEIBHBIX
W3bICKAaHUH, BBIMOJHEHHBIX C IOMOIIBI0 ABTOMATHYECKHX KOCMHYECKUX

302



amnmapaToB, pa3MeIIeHHBIX Kak Ha OKOJIOMapCHaHCKOM opOHTe, Tak M Ha
MOBEPXHOCTH IJIAHETHI.

PaccMOTpeHBI  BO3MOJKHOCTM  HUCIONB30BAaHUS B MWJIOTHPYEMBIX
SKCHeAMIUAX Ha Mapc HaydyHOro M JIpyroro BCIIOMOTaTEJIBHOTO
000py/IOBaHUsI, CO3IAaHHOTO JUISl IeJied HCIIOJIb30BaHUSI B paMKaX 3E€MHBIX
ApKTHUYECKHUX U aHTAPKTHIECKUX SKCIICANINHN 1 0a3.

ITpoBenena oreHKa BO3MOXKHOCTH WCIIONB30BAaHHUS BETPOTCHEPATOPOB B
ycioBusax Mapca.

IIpn ycnemHoN peanu3aluy NPOEKTAa MAPCUAHCKOM MNHIOTHPYEMOM
SKCIEINIUN PAlMOHATbHAS W B3aMMOJOMONHAIOMAS MIPOrpaMMa HayYHBIX
HCCIEIOBAaHUH KaK C IIOMOIIbIO aBTOMATHUYECKHX amnapaToB, TaK U C
NIOMOIIIBI0 YeJOBeKa MOXET JaTh OONbIIoi 3(GQPEKT U OTKPHITH HOBBIE
TOPU30HTHI B Pa3lIMYHBIX 00JIACTSIX HAYKH ¥ TEXHHUKH.

Pa3BuTHe HAYYHO-TeXHHYECKOr0 TBOPYECTBA MOJIOAEKH B
001meo0pa3oBaTEILHOI HIKOJIE B pAMKAX JAeATeJIbHOCTH
MHuoronpo¢uiIbHOro M0JI0e;KHOT0 KOHCTPYKTOPCKOro 61opo CeBepHOro
okpyra r. MockBbI
Kopoctreutea H.B., Jlenener B.1., OgnoBonuk 10.B., Ty3uxos C.A.,
Jlo6anoB K.A.

I'OY Meronuueckuii nentp CeBepHOro yueOHOTo OKpyra r. MOCKBEI,
I'OY COII Ne 1384, MAU, r. MockBa

B CesepHoMm okpyre r MockBbl akTHUBHO pabotaeT co3maHHoe B 2008 T.
MornonéxHoe MHoronpoduibHOoe KOHCTpykTopckoe Owopo (MMKB),
OpTraHU3aIIOHHO U HayyHO-METOAWYECKH  OOBenuHSAIOUNIeEe DAl
00111e00pa30BaTeNbHBIX YUpeXKIeHNH yaeOHoro okpyra. Llenbsio opranmuzanun
MMKB  sBuiioch cTpemileHWE CO3[aTh  JIETCKO-B3pOCIOE  MPOEKTHO-
o0pa3zoBaTenbHOE c000111eCTBO Ha OCHOBE COTpYIHHYECTBA
0011e00pa30BaTeNbHBIX  YUPEXKICHNH, TEXHHUECKHX YHHBEPCHUTETOB U
TIPEANPHUATHIA TPOMBIIIIICHHOCTH.

[Iepen mkonamu-yuactHuiamu MMKD ctosiT cepbé3Hble 3aaun:

e BOBJICUECHHE OOYYAIOMMXCA B COBMECTHYIO paboTy ¢ YYEHBIMH H
MPEACTABUTENSIMA  IPOMBIIIJIEHHOCTH,  OOJNafalolMMH  pEalbHBIM
OIIBITOM HAaYYHBIX U IPOCKTHBIX pa3pa60TOK,

® OCYILIECTBJICHHE COBMECTHBIX HayYHO-00pa30BaTeIbHBIX IIPOEKTOB,

® ydacTHe B HAy4YHO-HCCIIEAOBATEILCKUX KOH(EpeHInsIX, KOHKypcax,
BBICTABKax,

® aKTUBHM3aLMs TIPOLECCOB OOHOBJICHWS W PpACIIMPEHUS 3HaHUU Y
o0yJaromuxcss B TNPEIMETHBIX M HaANpeIMETHBIX 00pa3oBaTEIbHBIX
JVICIUITIMHAX, B TEXHHYECKHUX o0nacTax, (dopmupoBanue
MEXIUCIUTUIMHAPHBIX CBSI3EH,
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® BKIIIOYEHHE MOJIOJICKHM B paMKax MpopecCHOHAIbHOW OpPHEHTAIH B
pa3paboTKy aKTyalbHBIX BOIPOCOB HAayYHO-TEXHHMYECKOTO pPa3BUTHS
peruoxa,

e TIponaraHja WHTEJUIEKTYaJIbHBIX JOCTUKEHUI CIEHUATUCTOB Hay4HO-
TEXHHYECKOH cepl,

e oOecriedeHHE TIOBBIIMICHHWSA II03HABATENBHOM W WHTEIJIEKTYalbHOU
aKTUBHOCTH oOydJaronuxcs, 3aanMaromuxcs B MMKD, noBeimenne nx
aKa/IeMHYECKOH yCIEeNTHOCTH,

® [IOCTPOCHHE Yy OOYYaIOMUXCS IEHHOCTHO-3HAUYMMbIX MOTHBALMHA U
MHTEPECOB, a Takxke oOecriedyeHne Npo(ecCHOHANBHON OpHUEHTaluu U
(opMupoBaHHE NATBHEHIINX >XH3HEHHBIX IIIAHOB OOY4YaIOIIMXCS Ha
MPOJOJDKCHUE 00pa3oBaHUs W BBIOOP Oyayiied cdepbl MpeaMeTHOM
JIeSITeTBHOCTH,

® COJEHCTBUE, HAauWMHAas CO WIKOJIBHOM CKAMbBU, Pa3BUTHIO YMEbIX,
TBOPYECKH MBICIISIIIUX, 3PYIUPOBAHHBIX CIIEI[MATIHCTOB.

Cdepa mestempHOcTH MMKB  HaxomuTcs Ha  CTBIKE  0OOIIEro,
JOTIOJTHUTENBHOTO M BBICIIETO MPO(ECCHOHATEHOTO 00pa3oBaHMs, 33Ja4n
MMKEB 3akiroyaroTcsi B pa3BUTHH HOBBIX CETEBBIX 00pa3oBaTENbHBIX (opm,
obecrieuernn wHTerpanud cdepsl o0Opa3oBaHus ¢ JApyruMu chepamu
TIPAKTHKH.

Kak ¢opma paboTl M B3aUMOAEHCTBUSI HAYKH, IIKOJBI, NPOM3BOACTBA
MMKGB co3maBasioce B cucteMe peanu3anuu mnpoekta «Ctpomm lkomy
OyIyIIero.

Cozganme MMKDB B cucreme B3ammocBszer «lllkoma — YHUBepcurer —
IIpoMBbllIEHHOE NPEANPUATHE» SBISAETCS OJHOW U3 TEXHOJIOTHH IOMCKa U
0TOOpa MH)KEHEPHBIX TATaHTOB.

@akruueckn, B pamkax MMKB cdopmupoBana u ycmemHo padoraer
TepPUTOPUANIBHO-pacHIpe/ieieHHass  Hay4YHO-0O0pa3oBaTeNbHAsl  TBOpYECKast
cpena.

JletaTe/bHbI annapaTt Ha ocHOBe 3¢ dexta Budensaa-bpayna
Tokapes A.C., Cepuxos lO.
MAMU, 'OY COII Ne 224, r. MockBa

Oddexr budenpna-bpayna 3aximodaercs B MOCTYIATEIbHOM IBIDKESHHH
IJIOCKOTO BBICOKOBOJIFTHOTO KOHAEHCATOpa B CTOPOHY IIOJIOXKUTEIHHOTO
HOJMIoCA.

B nmpencraBneHHoit paboTe, BBINOJIHEHHOH B paMKax HalpaBlIeHHH
JeITeNIbHOCTH MOJIOJIe)KHOTO MHOTONPO(MMIBHOTO KOHCTPYKTOPCKOTO OIOpO
CeBepHOro okpyra r. MOCKBBI, pOJIb KOHAEHCATOPA BBINOJHSET JIETKHH
JIeTaTeNbHBIN ammapar, CIeNaHHBIH B BHJIE paMbl C HAaTSHYTHIMH Ha Hee
(doaproif W NMPOBOAOM, COCTABISIONIMMH BMECTE€ KOHAEHcaTop. Bricokoe
HanpspKkeHne sl utadus anmnapata (20 kB) cHumaercst ¢ BRICOKOBOJIBTHOTO
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tpancdopmaropa. Ilpu momaue HampspkeHHss Ha OOKIaIKH KOHJEHCATopa,
JIeTaTeNbHBIM ammapar HauWHAeT JABIKEHHE BBepx. [l mpenoTBpalieHus
CONIPUKOCHOBEHUSI  BBICOKOBOJITHBIX ~ TIPOBOAOB € OKPY’KaIOLIMMU
MpeIMeTaMH, ammapar MpHUBs3aH K CTapTOBOMY CTOIYy U HE MOXKET
MTOTHUMATHCS BBIIIE ONPENEIEHHOIO YPOBHS.

OcoOblif WHTEpEC K pa3paboTKe BBI3BaH TEM, YTO A0 CHX IIOp HET
yOeIUTETHHOTO TeOpeTHUeCKoro obocHoBaHUA 3Pdekra budenpna-bpayHa,
3/1ech OTKPBIBAETCS MIMPOKOE MoJje s uccienoBanuil. [lomHoMacmTaOHbINH
KOCMUYECKHH ammapar MoJOOHONW CXEMBI, B Cilydac IMOITBEP)KICHHUS €ro
BO3MOXKHOCTH TIEPEMENIAThCsI B 0OE3BO3AYIIHOM IPOCTPAHCTBE, MOKET
HCIIOJIb30BATHCS AJISI COBEPILICHHUSI MEKIUIAHETHBIX TIEPEIETOB.

B kagecTBe mpoToTHna I CO3JaHUS ceMeiiCTBa JIeTaTeIbHbIX allapaToB
ObuTH McToJb30BaHbl Marepuanbl JK.-JI. Haguna, B mporecce pa®oThl Han
NPOEKTOM OBUIO IPOBEPEHO HECKOJBKO BApHAHTOB MarepuasioB U (OpM.
Haubonee ynauHOl oOkaszanach KOHCTPYKLMS M3 Oanb3bl, aJFOMUHHEBOU
(OJIBrH M TOHKOTO METHOTO ITPOBOA: €€ YAAJI0Ch MOAHATH B BO3IYX.

Ha npyrux, Gomee TsKENbIX MOJENSX, HPOBOIWINCH SKCHEPHUMEHTHI I10
HCCIIEIOBAaHMSAM PA3IMYHBIX XapaKTEPUCTHUK Mporuecca. beimm onndpoBans! n
MOCTPOEHB!  (DYHKIIMOHAJIBHBIE 3aBUCHMOCTH  TOJABEMHOH  CHJBI  OT
paccTOsSHUSA MEXIY 3JIEKTPOAAMH, TOKA B LIENH MUTAHHA, AHAMETPA MIPOBO/A.
W3mepeHo yckopeHue moabema.

[TapannensHO OCYIIECTBISUINCH TEOPETHUECKHE PACUETHI, KAaCAIOLIUECS
o0ocHOBaHUs dPQeKTa, HAMPUMEP, PacyeT CHIIbI HOHHOTO BETPa, KOTOPBIN
TOKa3all, YTO CHJIBI HOHHOTO BETpa HEAOCTATOYHO IS CO3JaHMsI ObEMHON
CHJIBI.

HccrnenoBanus mo MpeCTaBICHHOW TeMmaTuke Obutd Havyatel B 2009 T.
HccnenoBanust MpoOBOJWINCH TBOPYECKUM KOJUIEKTUBOM MIKOJIBHHMKOB II0A
Hay4HBIM pykoBoacTBoM Kadenpsl MAU «IIpou3BOACTBO adpOKOCMHYECKOH
TEXHHUKH».

Pe3ynbTaThl BBIMOMHEHHBIX PAa0OT JOKIAIBIBAINCE HA MHOTHMX HAaydHO-
TEXHHYECKHX  KOH(EPEHIHIX, HEOJHOKPATHO O3KCIOHHPOBAINCH HA
Ionmaakax BcepoccHicKoro BBICTABOYHOTO LIEHTPA W MPEJCTABIAINCH Ha
BBICTaBKax. B wacTHOCTH, pa3paborka momydmia [urmmom | cremeHm Ha
OKpYXHOM KOHKYypce-BbicTaBke «MIMP: Mo0A€KHBIE MHUIINATHBEI PAa3BUTHS
— 2011», mpencraBmsmack Ha XXXV AKameMHUeCKHX YTEHHSAX IIO
kocMoHaBTHKe B MITY wum. H.D.baymana um B (uHaise MOCKOBCKOIO
rOpoJICKOro KOHKypca «OT 3aMbIciia K U300pETEHHIO.

B pamkax mpoBemeHuss BcemupHON KocMH4eckod oOIMMIHUanbl «Star
Challenge», nocsimienHo# 50-netuto nosnera F0.A.'arapuna n npoBoguMoi
Poccorpymanuectsom nox srugoit KOHECKO, npoekt cran ¢uHanucToM u
sKcrioHupoBaics B T. [Tapmxk (PpaHums).
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YcTanoBKa 1151 HCCIeTOBAHMS NEPEXOAHBIX PEKHMOB
MHKPOrpaBUTAIIMHI
Tokapes A.C., Kones C.M., Yuysatos I'.B.
MAMU, I'OY COII Ne 224, r. Mocksa

3a mociemHHWE TOABI BBITIOJIHEHO OOJIBIIOE YHCIO HCCIEIOBaHUM,
MIOCBSIIEHHBIX MHUKporpaButanuu. [IpoBeneHbl cepuy SKCHEPHMEHTOB Kak
MPY Ha3eMHBIX CTEHJOBBIX MCIBITAHUSX, TaK W B YCJIOBUSX pPEATbHBIX
KOCMHYECKUX TIOJICTOB.

[pencrapnsercs YCTaHOBKA JUTS HCCIICIOBAHUS SIBIICHSI
MHUKPOTPaBUTALINH.

YcTaHOBKA M3TOTOBJIECHA MO HAayYHBIM M METOIUYECKUM PYKOBOJCTBOM
kadenpsr «IIpou3BOACTBO a3POKOCMUYECKON TEXHUKM» AIPOKOCMHUYECKOTO
¢daxymerera MAUW yuammmucs 'OY COLI Ne 224 B pamkax AesTETbHOCTH
MHOronpopUILHOTO MOJIOACKHOIO KOHCTPYKTOpCKOro Oropo CeBepHOro
OKpyTa r. MOCKBEI.

B HaCTOAIIEC BPEMS IUIAHUPYECTCA MPOBECACHNUE CCPUUN DKCIICPUMEHTOB.

Bo03MO0KHOCTH HCIIOJIb30BAHUS COJTHEYHBIX KOJUIEKTOPOB JIJIsl 3SUMHET0
OTOIIEHHS B cpeHei mosaoce Poccnu
Hukomaes U.U., oponuna T./I., Bomrukosa I1.A., [To3gasmmesa C.B.
PHII «Kypuarosckuii uactutyt», [OY COLI Ne 1515, T. MockBa

Henpro paboTel  sBIsETCA W3YUYCHHE BO3MOXKHOCTEH — pean3aiiiu
YCTOMYMBOTO  Pa3BUTHS aBTOHOMHBIX TIIOCEJICHHH Ha  UIUTEIBHYIO
MIEPCTIEKTUBY C TIOMOIIBIO HCIIOJNB30BAHMS BO30OHOBISIEMBIX HCTOYHHKOB
sHepruu (BUD).

B KkauecTBe METONOB HCCIICJOBAaHHUS HKCIOJIb30BAINCH: COOp W aHaIW3
uHpopMmanmu 0 BUD, nzyueHrne KOIUIESCTBCHHON CTOPOHBI TEOPUH TEILIOTHI
U TEIUIONEpeHoca, MporpaMMHasl cpejia aBTOMAaTUYECKOTO MPOEKTUPOBAHUS
«Kommac 3Dy, skcrieprMeHTalbHbIE METO/bl MCCIENOBaHUS — MPOBEpPKa Ha
OTIBITE XapaKTEPHOTO BPEMEHU OCTHIBAHUSI, SKCIIEPUMEHTHI C MOJIENbIO.

B xome BhIMONHEHWs paboOThl, HAa OCHOBE MPHUMCHCHHS TCOPUH
TEIUIOTIEPEHOCA, OB M3TOTOBJICHBI JBE MOJEIH IS 3KCIIEPUMEHTAIBHBIX
WCCIICIOBAaHUA W CHETaHO TpauuecKkoe CpaBHEHHE C WCIOIb30BaHUEM
MIPOTPaMMHOTO obecrieueHU MS Excel TEOPETHUECKIX u
SKCIEPUMEHTANBHBIX ~ JaHHBIX. CremaHsl BBIBOABI O  BO3MOXKHOCTH
MPAKTHYECKH TIOJHON KOMIICHCAIIMH TPAAWLIHOHHBIX PEIICHUH  UIA
OTOIUIEHHUS JIOMa TPU HUCIOJb30BAaHUHU IIJIOCKOTO COJHEYHOTO KOJIIEKTOpA,
paboTatorero Ha BID.

Pe3ynbraThl paboThl MOTYT OBITH HCIIOJIB30BaHBI B TOPOACKOM XO3SHCTBE
r. MOCKBBL.
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Pa3pa6oTka npukiaagHoil ”HYOPMALUOHHOI CHCTEMBbI 115
o0pa3oBaTeIbHOM cpeabl
Tysuxos C.A., [Tankpatos M.IO.
MAMW, r. MockBa

B Hacrosmiee Bpems 1enecooOpa3HBIM  SIBISIETCSl  MCIOJIb30BaHUE
BO3MOXKHOCTEH LM(POBBIX KOMIBIOTEPHBIX TEXHOJIOTHH B KadecTBe
MPUKIAJHBIX  TEXHOJIOTHMH Uil  OOydYeHHs CTYAEHTOB, IIOBBIIICHHMS
KBATU(UKALNK  MOJIOABIX  CIICLHAIUCTOB,  HHXEHEPHO-TEXHHYECKOTO
MepCcoHANla M HAyYHBIX COTPYAHHKOB MPEANPUATHH a’pOKOCMUYECKOM
OTpacJy, B TOM YHCJIE, B paMKaX JUCTAHIIMOHHOTO 00pa30BaHHsI.

Ha Abspokocmmdeckom  ¢dakymsrere MAWM  BemyTcs  pa3paboTku
NPUKIATHOH  HMH()OPMAIIMOHHOM CHCTEMBI, KOTOPYI0 MOXHO Oyzer
UCIIOJIb30BAaTh KaK MIMPOKYIO 0a3y Uil IoJayd 3HAHUH, a TakkKe Kak
WHTEPAKTUBHYIO MOJENb [0 LIMPOKOMY KpYyTy BOIPOCOB KOCMMYECKOH
JeSITENILHOCTH.

B paMKax pacCMaTpuBa€MbIX BOIPOCOB, 3HAYUTCILHOC BHUMAHHEC
Tpebyercsi yaenuTb (OPMHPOBAHMIO M OpraHU3alud COOCTBEHHO Oa3bl
JIaHHBIX.

[Ipennaraercst HeoOXoaMMOe MpoOrpaMMHOE oOecrieueHne CHOpMHUPOBATH
W3 JABYX YacTel: YHHBEPCAJIbHON 000JI0YKU 0a3bl, CIOCOOHOI BOCIIPUHUMATD
HE TONBKO TEKCTOBYI HH(OpPMALHWIO, HO M H300paKeHWs, HAIpHMEp, B
¢dopmare jpeg u B BuaeodaiiiioBoM (opmMaTe MpH HAIWYAHU BCTPOESHHOTO
BUJIEOIIEEpPA CO CIICOOHOCTSIMH BOCIPOM3BENCHUS BHICOKOHTCHTA C
HCIIOIb30BaHUEM YCTAaHOBIICHHBIX B CHCTEME KOJEKOB.

TpeOyercst Takke pa3paboTKa CIENHATM3UPOBAHHOTO KOHCTPYKTOpa, C
IMOMOIIBIO KOTOPOIr0 MOKHO }IO6aBHHTL JAaHHBIC K OG’BCKTy WJIN Ha3HadaThb
MeTOABI 00bekTa. llemecooOpa3HbIM, MO-BUAUMOMY, SBISETCS pPa3MEIICHHE
pa3iMYHOTO BHAA KOHTEHTa BO BCIIOMOTAaTENbHBIX (aiiaax, KOTOpbIe
HEOOXOJMMO CBSI3aTh C PAacCMaTpPHBAaEMBIMH OOBEKTAMH a’3POKOCMHUYECKOU
TEXHHUKH.

PaGora  BbImOnHsAETCS € y4acTHEM  TBOPYECKUX  KOJUICKTHBOB
MHOTONpOQIEHOT0 MOJOASKHOTO KOHCTPYKTOpPCcKOro Oropo CeBepHOro
OKpyra . MOCKBBI.

MesKIIKOJIbHBIN HeHTP u3y4deHus actponomun CeBepo-3anagHoro
okpyra r. MockBbI
Bane6anosa T.B., Hocosa H.H.
oy O Ne 1874, MAU, r. MockBa

B cBsI3U ¢ OTCYTCTBHMEM Kypca acCTPOHOMHHM B MPOTpamMMe CpellHEN HIKOJIbI
U HACTOSATCIBPHOW  HEOOXOMUMOCTBIO  JOHECTH J0  OOydarommxcs
0011e00pa30BaTENFHBIX  YUPSKICHUNA OKpyra 3HAYMMOCTh KOCMHYECKUX
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uccieoBaHuil B ()OPMHUPOBAHMHM COBPEMEHHOW Hay4dyHOIH KapTHHBI MHUpa, a
TaK)Xe 3HAYUTENIbHBIE MACIITAOBI ):[OCTI/I)KCHI/Iﬁ COBCTCKHUX H pOCCHﬁCKHX
YUEHBIX, CIEIUATUCTOB B KOCMHUYECKOW JESTETbHOCTM M  MHPOBOM
aCTpOHOMHMYECKOH Hayke, Ha 0a3e TOCYAapCTBEHHOTO 00pa3oBaTEIbHOTO
yupexaenus Llentp oopazoBanus Ne 1874 CeBepo-3amalHOTO OKpyra ropoja
MockBbl OBUT CcO3MaH MEXKIIKONBHBIA IIEHTP W3YYCHHUS AaCTPOHOMUH
(MILUA).

B pabore ommceIBaeTcs melH U 3aa9d CO3JaHUs MEXIIKOIBHOTO IEHTPa
M3YYEHUS aCTPOHOMUH, €r0 OCHOBHBIE Pe3yJIbTaThl pabOTHI 32 MTOCIeIHUE TPH
roja, a TakKe JalbHEeHIIne MepCIeKTUBEI Pa3BUTHA.

Pabora nimrocTprpoBaHa MPUIOKCHASIMH.

JKcnepuMeHTAIbLHAsA OpaH:Kepesl B COCTABe MAapCHAHCKOIi 6a3bl
Croiiko C.®., Enuzaposa E.B., Ocnennukona T.
PKK «3neprus», [OY COLI Ne 596, r. Mocksa

B ciyuae peanmzanmu mpoekTa OTIPABKHA MapCHAHCKOW MHIOTHPYEMOM
IKCIEMIIUH, aKTYaIbHBIM BOIPOCOM CTAHOBUTCS MOCTPOCHHE S PEKTUBHBIX
U HAASKHBIX CHCTEM OIKM3HEOOECHECUCHHS] OKHIaKa MAapCHAHCKOTO
MUIOTUPYEMOTO KOMITJIeKCa KaK Ha JTamax mnepenera 3emisi-Mape-3emis,
TaK ¥ Ha MOBEPXHOCTHU IIaHeThl Mapc. B paboTe paccMaTpuBarOTCsl BOIPOCHI
(hopMUpOBaHUS KU3HEHHOTO ILUKJIA IUIAHETHOW 0a3bl C HCIOJIb30BAHUEM
OpaHxepeu.

B pabote chopmyaupoBaHbl LEMM U 3aJauyd CO3MAHHS OpPAaHXEPEH B
COCTaBe MAapCHAHCKOW 0a3bl I 3MOIMOHAIBHOMN, IICHXOJIOTHYECKON u
BUTAMHHHOW MOMICPKKH, a B JalbHeWIeM Oyner mpopaboTaH BapuaHT
UCIIOJIb30BAHUSI PACTEHUM, BRIPAIIEHHBIX B YCIOBHIX Mapca, JUist TUTaHusI.

Hcnonp3oBaHye opaHXepen HaKJIAJbIBAeT Psiji YCIOBUI Ha OPTraHHU3aIHIO
SKCMEMIIUKM, HO BMECTE C TEM JaeT OINpE/ClCHHBbIE MPEUMYIIECTBA IMPU
CO3[]aHWH YCIIOBUH JJIsI HAXOXKICHUS TMUIOTHPYEMOW OKCIEAUIMHA Ha
moBepxHocTH Mapca.

PaccmaTpuBaemasi Tema SIBISIETCSI OIHHM K3 BOIPOCOB (hOPMHUPOBAHUS
IUTAHETHOM 0a3bl M OIPEICIICHHs €¢ PAMOHATIBHOM HHOPACTPYKTYPHI.

dopmHpoBaHKE MPOEKTHOTO OOJHMKAa W OMNpEACIeHHe PalUOHAIBHOTO
COCTaBa IUIAHETHOM WH(QPACTPYKTyphl MO3BOJIUT  IIOJIHEE  OIICHHUTH
BO3MOXKHOCTH peaTi3allii MapCHaHCKON IKCIIEHUIIUH.

Pabora BbITOSHEHa B pamMkKaX MHOTONPOGHILHOTO MOJIOAEKHOTO
KOHCTPYKTOPCKOT'O O10poO.
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CamMoxoHasi JHepreTn4yecKasi yCTAHOBKA JUIA IOJTyYeHHs
3JIEKTPOIHEPIrUH HA IJIAHETAX C KHCJI0poAcoaep:kaieil aTMocdepoii
JIo6oB A.T"., KoBanesckmii C.

MAMU, T'OY COII Ne 224, r. Mocksa

[onydeHne >JIeKTPUYECKOM SHEPTMH KaK OCHOBHOTO JHEPreTHYECKOTO
pecypca SIBISIETCSl aKTyajdbHOW 3ajadeld sl COBPEMEHHOM IMBWIIM3AINU.
[Ipy HanM4YMM pa3BETBIEHHOH AIEKTPUYECKONH MH(PACTPYKTYpBI, HaIIpumep,
B YCIOBUSX TOPOJICKOTO  XO3SIHCTBA, KAKUX-THOO JOMOJHHUTEIBHBIX
TEeXHUYECKAX YCTPOWCTB He TpeOyercs, Bce HEOOXOIMMOe 00ecreYyrBaCTCs
SHEPreTHYSCKHMH U JIEKTPOCOBITOBEIMI KOMITAHHSMH.

Omrako  mpoOiieMBI  HapacTalOT Uil YAAJICHHBIX  TEPPUTOPHUIA.
AKTyaJBHOCTh PacCMaTPHBAEMOr0 BOIPOCA BBHIXOAWUT Ha IEPBBIA IUIaH LA
aBTOHOMHBIX IIOCEJICHUH, B TOM YHUCJIe, IPH PELICHHHU 33/1ad UX pa3MelIeHHs
Ha BHE3EMHBIX TEPPUTOPUAX.

B cBs13u ¢ cokpallleHHeM COJHEYHOro CBETOBOTO MOTOKA, UCIIOIb30BAHHE
COJIHEYHBIX (hoTompeoOpa3oBaTenell B LEJIOM LeJIeco00pa3Ho He Janee, yeM
no opbutsl Mapca. Hcnonb3oBaHue SIIEPHBIX HWCTOYHHKOB —OHEPTHU
JKonorudecku HebezomacHo. B mpencTtaBneHHolf paboTe mpeanaraercs
BapuaHT CaMOXOJHOH HSHEPreTH4YecKOW YCTAHOBKM ISl TOJyYeHHs
SNIEKTPOSHEPTrMH Ha IUIAaHETaX C KHCIOpoIcoaepkameld arMocdepoi.
OTNMUUTENPHBIMA  YepPTaMH  TIPOEKTA SBIAIOTCSI €r0  MOOWIBHOCTh W
9KOJIOrHYecKas 0€30MacHOCTb.

ABTOHOMHBIE YJIEKTPOCTAHIIHH B YJHEPTeTUIECKOM KOMILJIEKCE CTPAHBI
Jlo6oB A.T"., Imutpues A.
MAMU, I'OY COII Ne 224, r. Mocksa

OrpaHd4eHHOCTh 3amacoB IOJIE3HBIX HCKOMAeMbIX M  HapacTaHUe
HEOJIArOMPUATHEIX dPPEKTOB, CBI3aHHBIX CO CXKUTAHHEM He(TH, ra3a, YTyl ’
CIIaHIICB, 3aCTaBIAIOT WCKaTh MYTH  TOBBIICHUS  3(PPEKTHBHOCTU
HCTIOTH30BAHUS PECYPCOB.

I'upposnexTpoctanuuu, aawomue okoio 20 % Bcel 3IEKTPOIHEPTUU B
MHPOBOW 3KOHOMHKE, KaK TPABIIIO, 3HAYUTETHHO YAAJICHBI OT MOTPEOUTE,
YTO TPUBOJUT K 3HAYMTENHFHBIM TIOTEpPSAM SHEPrHH. SnepHas »HepreTHka,
mocne 4YepHoObUTRCKOW aBapuu 1986 1. m aBapum B SAnonum B 2011 1.,
SIBITIOTCS.  TPEIMETOM  HEMpeKpallalomuxcs  crmopoB.  llosBieHue
TEPMOSJIEPHBIX ~ PEaKTOPOB  MpEJACTaBIsAeTCA, IO  KpailHel  mepe,
MpOoOIeMaTHIHBIM.

O003HAYHUITNCE MarucTpajibHbIE myTH MOMBITOK MIPEOI0NICHUS
MPHUOJIMKAFOIIETOCST YHEPTETHUECKOTO KPH3KMCAa — YCOBEPIICHCTBOBAHHE U
pa3paboTka HOBBIX CIIOCOOOB MCIIOJIb30BAHMS BO30OHOBIISIEMBIX UCTOYHHUKOB
SHEPruu. YKe CO3JaHbl U MOCTOSHHO YIYyUYIIAIOTCSl Pa3IUYHOTIO BUA TE€IHO-
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U BETPORJICKTPOCTAHIINH, YCTaHOBKH, UCIIONB3YIOIINe OTXOJIBI
XO35IICTBEHHOU JEATENBHOCTH. IIepcnexTuBHOI MIPEACTABIAETCSA
WCIIOJIb30BaHNE TOILIMBHOW Mapbl BOAOPOI-KHCIOpo. PaspaboraHbl MeTOIBI
MOJy4€HHsT BOJOpOJa ¢ MOMOIIbI0 OakTepuid. Kaxplii U3 mepeurcieHHbIX
MOIXOA0B K MOJYUYEHHIO 3JIEKTPOIHEPTHM HMEET CBOM MpPEeUMyIIecTBa U
HEIOCTaTKH, HA/Ie)KHOCTh U SKOHOMHUYECKYIO 3P (PEeKTHBHOCTE.

ParoHanbHOCTh ITPUMEHEHHST TOTO WJIM WHOTO BHJIA NpeoOpaszoBarenei
BO300HOBIISIEMBIX PECYPCOB CBSI3aHA C re0Trpa)MueCKUMH U KIMMaTHIeCKUMHA
YCIOBUSIMA MECTa pAacIoNOKEHHs 3THUX IpeodOpaszoBareneil. ConHedHyIO
SHEPrui0, KOTOPOW Ha Hally IUIAHETy IMOCTYMAaeT 3a J[BO€ CYTOK CTOJBKO,
CKOJIBKO MOTYT JaTh NPH CXKWI'AaHUH BCE 3€MHBIE 3aMachl raza, HeTH, yIid U
CIIaHIIeB, BBITOJHO HCIIOJNB30BaTh B IOKHBIX paioHax, pailoHax c
HE3HAYUTEIIbHON 00Ja4HOCThIO. DHEPrHs BeTpa HCIHOJIB3YeTCsl ¢ OOJBIINM
3¢ PEeKTOM Ha MOPCKUX OOEPEKbSX U T.JI.

HepemenHoii, Bce ycnoxkHsIOMIENHCs 3afayeil ocTaeTcsi OTBOJ H3JHUIIKOB
TeIia ¢ 3eMIIH.

[lpn pemeHuM HKOJOTMYECKMX BONPOCOB HENb3s 3a0bBaTh M O
HETIOCPEICTBEHHBIX IEIISIX PHEPTETUKHN — oOecredeHne genoBeka. Hampumep,
0 cHa0)XEHHH IEKTPOIHEPTHEH TPYTHOAOCTYITHBIX HEOOJBIINX HOCEICHUMH,
B KOTOPbIE HEBO3MOXKEH PETYJSIPHBIM ITOABO3 TOPIOYEro IS MepeIBIKHBIX
JIM3€TIb-TeHEPATOPOB.

Hcxonst W3 TPUHLIUIOB MaKCHMAalIbHOTO HCIONB30BAHUS MECTHBIX
pPecypcoB B TakuX CIy4asx MOXKHO IPEJIOXKHUTh NMPUMEHEHHE IBYX THUIIOB
ABTOHOMHBIX 3JIGKTPOCTAHIHUM: JIOKOMOOWIb M MHHHAJIEKTPOCTAHIHIO C
THIIPOTapaHOM.

JlokomMoOMIIb, Kak TIepeABW)KHAs TapoBas MalIMHA JUIS  BbIpaOOTKH
SJIEKTPUYECTBA B TMOJEBBIX ycioBusix eme 60-70 et Hazajg MIMPOKO
WCIIONIB30BAJICS.  JUISL  HYXKI ~ CENbCKOro  Xo3siictBa.  JlokomoOmmm
BEIpa0aThIBAIM 3JIEKTPOIHEPTHIO, JIOCTATOYHYIO Ui pabOTBI MOJIOTHIIOK,
JIECOTTMIIOK, METIHHUII.

I'maBHBIM NPENMYIIECTBOM JIOKOMOOWJIEH SBISETCS TO, YTO OHH MOTYT
WCIIONIb30BAaTh B KAauecTBE TOIUIMBA HMEIONIMECS MECTHBIE JICIIEBBIC
HCTOYHHKH 3HEpruu. JIOKOMOOMIN KOMIAKTHBI, BO3MOXKHA UX YCTaHOBKA Ha
paMy C IIaccH AJIsl IEPEMENICHIUs] CBOMM XOA0M WM ¢ IoMotibio Oykcupa. K
HEelOoCTaTKaM JIOKOMOOWJIS ClIeyeT OTHECTH IHOTPeOHOCTh B OOIBIIOM
KOJIMYECTBE BOJbI, HEBBICOKMH KIIJ W HEOOXOAMMOCTh MOCTOSHHOW
J103arpy3KH TOIUTHBOM.

[Tocnennee HEyHOOCTBO, O-BUIMMOMY, TEXHUYECKH MTPEOI0IUMO.

MUHUAIEKTPOCTAHIINST C THIPABINYECKUM TapaHoOM TpeOyeT AJsl CBOEH
paboThl HEOOJBIIOrO €CTECTBEHHOIO Ieperana ypOoBHS BOJBI B MeCTax ee
3abopa u cnmBa. Bo3MOXXHO HCIIOIBR30BaHNE pa3sHOCTEH ypOBHEH mpwinBa 1
OTIMBa PEYHOH WIM MOPCKOH BOABL. ['WapaBnmyeckuil TapaH (Tak
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Ha3bIBAEMBIH «ram-pomp»), H300peTeHHbId MOHTOIb(bE, HCIOIB3YeT B
cBoeld  pabore 3h(deKT THIPABIHYECKOrO  yAapa, HCCIEeIOBaHHBIN
H.E.)KykoBckuM. YcTpoiicTBO CIIOCOOHO MOHUMATh BOJY Ha 3HAUUTEIBHYIO
BBICOTYy HE HMesl B CBOGH KOHCTPYKIMM HHUKAaKHX JOTOJIHUTEIBHBIX
JBUTaTeJIell WM WCTOYHHWKOB SHepruu. [IpmoOpereHHass MOAHSATON Bomoi
MOTEeHINATbHAS SHEPTHUs N3BECTHBIMHU criocobamu MOJKET
IIPe00Pa30BHIBATHCS B SHEPTUIO SJIEKTPUIECKYIO.

K HemoctaTkaM TakmxX CTaHIUA CJIEIyeT OTHECTH WX OOJBIIYIO
MaTepHaI0EMKOCTh, HU3KYIO IIPOU3BOJUTEILHOCTE 1 CE30HHOCTD PabOTHI.

PazpaboTka  TEXHMYECKMX  yCTPOMCTB  BBIIOJHSETCS B  paMKax
JeATeNbHOCTH MHOTONpo(HIEHOTO MOJOAEKHOTO KOHCTPYKTOPCKOTO O10pO.

YueOHO-MeTOAUYECKHII MPOrPaMMHBINH KOMILIEKC ¢ OHCAHUEM
00bEKTOB 23POKOCMHYECKOI TEXHMKH M BO3MOKHOCTBIO
CTEPeOBH3yATU3AUMH KOHTEHTA
Turos .M., bycnos I.1.

MAMU, r. MockBa

C KaXIpIM TOZOM BO3pacTaeT MOTOK HMH(pOpMAnuu B a3pOKOCMHUYECKOM
OTpaciii, KOTOPBII €XKEIHEBHO HEOOXOAMMO 00pabaTeiBaTh HWHXKEHEPY-
HCCIIEIOBATENI0, HMH)XKEHEPY-TpoeKTaHTy. Hapsimy ¢ poctom 00beMOB
WHQOPMAIMOHHBIX  TMOTOKOB,  YBEIMYMBAIOTCA W TEMIIBI  OOMEHa
nHpOpMaNKel, CKUMAIOTCI BPEMEHHBIC PAMKH, OTBOJMMBIE I IOHCKA
HYKHOTO peIIeHUs.

Bce Oosiee akTyarbHBIMH CTaHOBSTCSI CUCTEMBI, KOTOPBIE COJEpXKaT He
TOJBKO  HMHTEPECYIOUIME  IIOJb30BaTelsl  CIPaBOYHO-MH(OPMAILIMOHHEIE
CBEJICHNS, HO M BO3MOXHOCTH JUIS OBICTPOTO M HMHTYHUTHBHO HOHSTHOTO
morucka TpeOyeMbIX WHPOpMaNMOHHBIX MaccuBoB. K Takoro kmacca
CHCTeMaM  OTHOCHUTCS  pPa3pabOTaHHBIH TpH  HAyYHO-METOAWIECKOM
compoBokaennu  kageaper  MAW  «Kocmudeckme — CHCTEMBI U
pakeroctpoenue» U «lIpuknamHas wH(pOpPMATHKa» ydeOHO-METOANIECKUH
NIpOrpaMMHbIN KOMILJIEKC, cozepKalui OIMCaHMS 00BEKTOB
a3pPOKOCMHUYECKON TEXHHUKH M 00Jajaromiell BO3MOXKHOCTBIO OOECIICUeHHMs
CTEpPEOBU3YaIIN3aUH UCIIOIb3YEMBIX HIUTIOCTPATUBHBIX MAaTEPHAIIOB.

Pa3paGoTanHbIii  KOMIUIEKC  MpeAHa3HauYe€H  JUIsl  HCIOJIb30BaHUS
CTYZCHTaMH I10 PAKETHO-KOCMHYECKIM HAIPaBJICHUSAM 00y4eHUs.

Co3aHHOe TporpaMMHOE oOecrieueHrne NpeCTaBisieT co0oM KBaznbazy
JAaHHBIX, B KOTOPOH B ONpPENEIEHHOM BHJE COACPXKUTCS KaK OMNHcaTeNbHasl,
TaKk M WUIIOCTPATUBHAs 4acTh. Bu3yanusupys WITIOCTpaTHBHBIM MaTepual,
MIPEACTaBICHHBIN B Pa3IMYHBIX (popMarax, MOJIb30BaTelb MOXKET padoTaTh ¢
HUM KakK B TPaJUIHOHHOM «IUIOCKOM» 2D-dopmare, Tak M B pasIHIHBIX
CTEPEOCKOINIECKUX IPEICTABICHISIX (aHarmud, crepeonapa), BO3SMOKHOCTh
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HCIIOJIB30BaHUA KOTOPBIX 3aBUCUT JIMIOIbL OT HAJIWYUA Yy TI0JIb30BATCIIA
COOTBETCTBYIOIIETO TEXHUIECKOTO 000y IOBAHNS.

Pa3zpaboTranHOe MyJNBTUMETUIHOE YYeOHO-METOAMUYCSCKOE OOecreucHue
MPEIOCTABNISICT IOJH30BATEII0 BO3MOXKHOCTh TMOJMYYCHHS 00 OOBEKTax
KOCMHYCCKOW TEXHHUKH CIPaBOYHOW, CIIPABOYHO-YUCOHON W CIPaBOYHO-
WITIOCTPATUBHON MH(OpMAIMH, TIPEACTABICHHON B CTPYKTYPHPOBAaHHOM H
repapxuieckoM Bune. Ecim k maHHOM 0a3e JaHHBIX MOIKITIOYUTH YIaJICHHEIC
WCTOYHUKH WHQPOPMANAU, TO WCIOIB3YyS BO3MOXKHOCTH COBPEMEHHBIX
WH(POPMATMOHHO-KOMMYHHUKATHBHBIX ~ TEXHOJOTHH, BO3MOXKHO CO3JIaHHE
TEePPUTOPUATEHO-pACIIPEeIeieHHON 0a3bl JAaHHBIX, C XpaHEHHEM pa3HbIX
BHJOB KOHTEHTa B PAa3IMYHBIX YIAJICHHBIX XpaHWIUINAX, ¢ oOecredeHneM
BO3MOXKHOCTH OJHOBPEMEHHOH pabOThl € HHUMH pPa3IH4YHBIM TpyIIaM
MOJIb30BaTeNeN.

K co3maHHOMYy y4e0HO-METOIUYECKOMY OOECICUCHHI0 MOXKET OBITh
MOJIKITIOYEH 3K3aMCHAIMOHHO-TECTUPOBOYHBI MOJYJIb, B TaKOM Cly4ae
Y4eOHO-METOIUUCCKUI  MPOrPaMMHBI  KOMIUIEKC (DAKTHYECKH MOXKET
BBITIOTHATE (DYHKIIUU YI€OHO-CIIPABOYHOTO TPEHAXKEPa.

Hcropust pa3sBUTHA caM0JIETOB ¢ KOMONHMPOBAHHOH CHJIOBOIH
YCTAHOBKOM
Bara6isr 3.T.
Kny6 aBuactpowureneit, r. MockBa

B wucropun aBuainum KOMOWHHMpOBaHHas cuioBas ycraHoBka (KCVY)
NpUMEHSUIaCh Ha caMojérax pa3jMuyHOrO Ha3HA4YeHHs: HCTPeOUTeNH-
MepeXBaTYNKK, OOMOApIUPOBIINKH, MACCAKUPCKHE CAMOJIETHI, YAapHBIE
MHorouenessie, CBBII, sxciepiMeHTalIbHBIE JIeTaTeIbHbIE allllapaThl.

B pabore wuccienyrorcs Bompockl mosiBieHHs camonetoB ¢ KCVY,
0COOCHHOCTH KOHCTPYKTHBHO-CHJIOBBIX CXE€M M KOMIIOHOBOYHBIX PELICHHH.
[pennoxena knaccuduKays caMoIeTOB MO HA3HAYCHHIO.

OTnenpHOE BHUMAHHE YIENEHO WCTOPHUKO-HAYYHOMY HCCIIEIOBAHHIO
npumeHerns KCY mpu co3ganun CBBII. ¥V caMon€ToB, BBIIOIHEHHBIX IO
9TON cxeme, Ul CO3JaHUsl BEPTUKAIBHON TATH, Hapsily C OTKIOHEHHEM
BEKTOpa TATM MAapIIEBBIX JBHUTaTeNeil, HCIONB3YIOTCI MOIABEMHBIC
neuratenu. Uaest coznanus CBBII ¢ KCVY Obula peann3oBaHa Ha MepBOM B
Mupe cBepx3BykoBoM OoeBom CBBII flk-141, paspabotka koToporo Obuia
JIOTHYECKUM TPOoJIoJbKeHHeM paboT 1o ycosepiueHcTBoBanuio CBBIT Sk-38
U OTpakayia HoBbIe TpeboBanus k 6oeBsiM CBBII.

Konnenmmust KCY Obuta mpuMeHeHa W TPU CO3JaHUM ITaCCaXKMPCKHUX
camonéroB. B OKB O.K.AntoHoBa 0bu1 co3nan camoiér Au-24PB, koTopsrii
COBEPIIII TIEPBBIN Maccakupckuil moy€T B 1962 roxy. Ha 6aze An-24 Opu10
paspaborano 30 mommdurammit camonéra AH-24,B TOM uucie B 1960r.
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TpaHcnopTHeIH camonér ¢ KCY AH-26, npeqHa3HaYeHHBIN U1 IEPEeBO3KU Ha
JIUHUSX CpeHel MPOTSHKEHHOCTH.

Uz-3a orcyrctBust TypOopeaktuBHoro nsurarenss B CCCP Bo Bpewms
BTOPO MUPOBON BOWHBI, YBEIMUYUTH CKOPOCTh CYIIECTBYIOIIUX CaMOJETOB
MIPEATOoNaragochs 3a c4éT KOMOMHUPOBAHHON CHIIOBOI YCTaHOBKM CaMoOJETa.
Brutn coznmanst Takue uctpebuteny, Jla-7P, Jla-120P, u ap.

I'maBHBIE TpUuMHEL, 00ycIaBIMBaloIINe cymecTBoBanue Konnenn KCY
B WCTOPUH AaBHAIMH, CTAJa HEBO3MOXHOCTh OOECHEYEHUS OJHHUM THIIOM
JBUTATEJISI BCEX TPEOYEMBIX PEXHMMOB IOJIETa CaMOoJIeTa.

IIpourtoe n HacTosIIee MOKAPHOI aBHALIUH
HBaxHos P.C.
Kiy6 aBmactponreneit, r. Mocksa

Ioxapsr 2010 roma HaHecnH CTpaHe KOJOCCAIBHBIN ymiepO: IDIONIals,
MIPOMeHHAsT JIECHBIMHM II0)KapaMH, COCTaBMJIa HE MEHee 8 MHIUIHOHOB
TeKTapoB, MOJHOCTBIO WJIM YaCTUYHO cropeno He MeHee 150 HaceleHHBIX
MYHKTOB, HE MEHEE CEMHJIECSITH YeJOBEK MOTHOJIM B OTHE, elle HECKOJIbKO
JIECSATKOB THICSY CTaJIM )KEPTBAMH JIbIMa M DKCTPEMAIILHOM Kaphbl.

Jist Toro 4to0bl 3)(eKTHBHO OOPOTHCS C JIECHBIMHU TOXKapaMH, HYXKHa
aBUall¥sg CIENUalbHOrO Ha3HadeHus. [IpuMeHeHHMe aBHMAIMKM IO3BOJSET
pemmTh cpa3dy nBe (yHIaMeHTaIbHBIE 3alauyd: paHHee OOHapyXeHUE
MOKapoB ONEPaTHUBHYIO JOCTaBKY Ha TyIIEHHE CIEeHUaIN3UPOBAaHHBIX
TTOXKAaPHBIX KOMAaHI.

B Hamieil ctpaHe mepBble NOKapHbIE caMoJIeThl nosiBIIIACH B 1931 romy.
Oto ObLTH JIeTKHE ABYyXMeCTHBIe OuIuIanbl Y-2. Ha cMeHy ycTapeBmemy Y-2
mpumen camoneT AH-2. OH Mor mnomHsate 1240 mutpoB Bomel m 12
mapamroTHCToB. JIns OBICTPOH JOCTaBKHM MAapalIIOTHBIX HOApAa3IeNeHUH K
MECTY 3aropaHusi CTaJld UCIOJL30BaTh Takxke camonetsl Min-14, Au-24, AH-
26. Ha ocHOBe AH-26 ObLI CO3[1aH TOKapHBIA CaMOJIET, KOTOPBIH MOT' BCETO
3a JIBe CEKyHIbI COPOCHTHh Ha ouar mokapa 4 TOHHBI Bojabl. B konme 90-x
rogoB  MUC Poccum 0CBOMIO TEXHOJOTHIO TYLIEHHS IOXKapoB C
npuMmeHeHneM camonietoB  WMin-76TJ[. OHM CHOCOOHBI OOpYHIMTH Ha
OXBayeHHBIE OTHEM JIECHBIE MAacCHBBI 332 OJMH pa3 42 THICSYH JIUTPOB BOJIBI
WIN JIpyTUX OTHETYIIAlIMX pacTBOPOB. 3aMeyaTeNbHO TOKa3ald ceds
npotuBonoxapHsie camoneTsl be-12I1-200 u be-200I1.

CpaBHHUTEIBHBI aHATU3 IIOKa3aj, YTO TJIABHOW OCOOCHHOCTBHIO MAOi
aBHAIMK SIBJISETCS OOHApYKCHHWE W JIMKBUAAIMSA MEJIKHUX, 3apOXKIAIOMINXCS
JIECHBIX T0apOB, HO IMOKapbl, paCIpOCTPaHUBIIHECS Ha IUiomanu 6oiee 20
ra, He MOXKET MOTYIIUTh IPyMIa U3 4—5 4eI0BeK MapalIroTHCTOB-MOKAPHBIX.
OCo0OeHHOCTBIO K€ BOJSHBIX OOMOApAMPOBIIMKOB SBISETCS OCTAHOBKA MU
CAEP)KUBAaHUE PACIIPOCTPAHEHUS CPEAHHUX U KPYIHBIX JIECHBIX I10KapOB;
aKTUBHOE BO3/AEHCTBHE Ha o0Jaka C LEIbI0 HCKYCCTBEHHOTO BBI3BIBAHUS
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0CaJIKOB, HO pabOTa MPU BEPXOBBIX MOXKapax OMacHa, cOPOC BOABI ¢ OOJBIIUX
BBICOT MasIod(PEeKTUBEH, a MecTa 0a3MpOBaHMs MOXKAPHON aBUALMH TTOPOH
JIAJIEKO PacIIOJIOKEHBI OT MECT MoXKapa.

Heo6xoanmMo KOMITIEKCHOE HCIIONb30BAaHHUE aBHAIMH, CO3JaHUE B CTpaHe
HECKOJIBKUX  IIEHTPOB, OCHAIIEHHBIX  IIOKapHBIMH ~ CaMOJIETaMH |
BeproaeraMu. Heo0X0quMOoCTh HCTIONIB30BAaHNSI ABUALIUH 111 OOHAPYKESHUS 1
TYIIEHHUsI MIOXKapOB OMpEAENAeTCS TeM, YTO KOT/a IUIOMAAb MOoXKapa JIMIIb
HECKOJIBKO COTOK, ISl €r0 TYIICHHs He0OXOIUMO Bcero 2—3 denoBeka u 4ac
paboThI, CIEIOBAaTEIbHO MHHHMYM 3aTpaT M MHHHMAJIBHBIN ymmepo.
Jobuthes 3TOro MOXKHO, TOJBKO HCIONB3ys aBuanuio. CBOEBpEMEHHOE
aBHAIIOHHOE NATPyJIHUpPOBAaHHE JIECOB M €CTh KII0Y K 3((EKTUBHOCTH
OXpaHBI JIECOB OT MOKapoB B Poccuu.

IMouyemy nagaroT camMos1eThI?
Kapnos A.C.
Kiy6 aBmactpownreneit, r. Mocksa

Hempro paboTel sBisieTcs aHanu3 nokymeHTa M.E.L., mosBosstromero
MAaCCAKUPCKUM  BO3AYIIHBIM CyJaM BBIIOJHATH TIIOJIETBI C  OTKa30M
HEKOTOPBIX CHCTEM M arperatoB yIpaBICHHS.

OcHoBHas 3amada paboTBl - O0OpaTUTh BHHUMAHHUE CIICIHAIICTOB H
MIPEIIOKHUTh BBECTH OTPAHUUCHUE HA WCIIOJIB30BAHHUE JAHHOTO JTOKYMEHTa B
Poccuiicknx aBHakOMITaHMAX, IKCIUTyaTHPYIOIINX 3apyOeKHbIE BO3LYyIIHBIE
cyza.

Lenecoobpa3HOCTBIO 3TOTO SIBISIIOTCS  (DaKThl PACCIENOBAHHUS THOEIH
camonera Airbus-310 aBuakommanun «Cubupb» nerom 2006 roga n rudens
camonera Boeing-737 aBnakomnanun «Aspodior-Hopay, ciayumBimiics
ocepto 2008 roma. B obOemx karactpodax IepBOHaYaIbHAs BEPCHs
KpyIIeHHs OblTa HEUCIIPABHOCTH BO3AYIIHOTO CynHA. MHOTHE aBHAIlIOHHBIE
9KCTEPTHl YBEPEHHBI, 4TO 00a JjaliHepa ObIIIM HEWCHPABHEI €Ile Ha 3eMJIe U
mumb Onaromaps mpokymeHTy ML.E.L. cMoOrim BBITOMHUTHE CBOW pPOKOBOI
petic.

AHamm3upysi OCHOBHBIE TmonokeHHst pokymeHta M.EL. u dakrer
3710yNIOTPEOICHUST UM POCCUHCKIMHU aBUAKOMITAHUSIMU, 51 TIPEUIarar0 BBECTH
TOJIHBIN KOHTPOJIb COCTOSIHHS BO3IYIIHOTO CYAHA U CO3/IaHHE POCCHUICKOro
JIOKYMEHTa 0 IpaBuiax ucnois3oBanue M.E.L., a Takke COKpallleHUe CTIHCKa
TIOJIOMOK, TTO3BOJISIOIIETO BBINMOJIHATE MONeTHL. [peanonaraercs, 4To JaHHBIE
Mephl MOTYT CYIIECTBEHHO IIOBJIHMATh Ha O€30MacHOCTh OKCILTyaTalliu
BO3/YIIHBIX CYJIOB.
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CKBO3b TepHHIH K 3Be31aM HJIH OTPSJ KOCMHYECKHX JBOPHAT
VYropckas B.1O.
Kny6 aBuactpouTenei, r. Mocksa

Bcero nonseka otnenser ase Aatel: 19 aBrycrta 1960 u 19 asrycra 2010.
Asryct 1960 - BceoOmas siipopus, Tpuym¢p Hayku: bemka m Ctpenka B
Kocmoce. B asrycre 2010 00 3TOM COOBITHM BCIIOMHWJIHM JIFO/H, KOTOpBIE
ITOMHSIT BpEMEHa TIEPBBIX MOJETOB.

Mup 3a0bIBacT CBOMX TIEpOEB, IOSTOMY OIHOW M3 AaKTyaJIbHBIX
COITMAJBHBIX 3a/lad HACTOSAIIET0 BPEMEHH sI CUMTAIO IIOIYJIIPU3AIMIO CPEan
MOJIOAEKH HH(POPMAIIMH O TTOJTOTOBKE M ITOJIETaX B KOCMOC CO0aK, a TaK ke
MIPUBJICYCHNE BHUMAaHHSA K COBPEMEHHBIM MpOOIeMaM OXpaHbl M 3alUThI
XKHUBOTHBIX, KOTOpPBIE NPOJOXKWIN YEIOBEKy JAOpOTY K 3Be3JaM. OTO
JOITOCPOYHBIN COIMATBHBIN MPOEKT, KOTOPHIH MOCBAIIEH BCeM 0€310MHBIM
JKUBOTHBIM, HYXJIAOMUMCA B ITOMOIIH. HpaKTH‘IeCKaﬂ CTOpOHa €10
pean3anru: pe€ajibHas MMOMOIIb ABOPOBLIM XUBOTHBIM; MOITYJIApU3aIA 3TOU
TEMbI; U3YYCHUC HCTOPUH MOJIETOB KMBOTHBIX B KOCMOC; conuaiam3anusa
IIKOJIBHUKOB. Tak ObUT co3fmaH mpoekT «bparesi HamM MeHbIIHME MPOCST
3aMTHl M TOMOIIM». B pamMkax MpoeKkTa Mbl HCIIONb30BAIM pPa3IMYHbIE
MeToabl U (OpMBI pabOTHI: MOUCK WH(OpPMALUK, ONPOC T'PaKAaH HAIIETOo
ropona, BCcTpevanuchk ¢ HagaapbHuKamMu JKOKoB u ¢ memyraraMu ropoackoro
coBeta. CymecTBytomyio npobnemy ocBemanu B CMUW u npencraBisim Ha
pa3NuyYHBIX TPOEKTax, MHOIO Obula HamucaHa pabora «UYemoBek — Apyr
co0aKm.

Mb!I OJMKHBI TIOMHUTH, YTO MMEHHO O€3J0MHbBIE COOAKH MHPOLUIN IIyTh
«CKBO3b TEpHHM K 3BE3ZaM», OTKPBIB JtojsM jJopory B KocMoc, WMEHHO
cobaKku MOMOTJIH YEJIOBEKY, KOT/Ia eMy TaK ObLIO HE0OXOAUMO, TEIeph Hallla
ouepeib IOMOYb, BE/Ib MBI Iepe HUMU B JONTY!
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KOCMOHABTHKE, B TOM YHCJIE MEKIUCIHIUIMHAPHOTO XapaKTepa, BKIIOYas pabOTHl B 00IacTH
JVHAMMKH U YIPaBJIEHUs IOJETOM; TE€OpHU, KOHCTPYHPOBAaHUS M TEXHOJOTHM JIETaTEIbHBIX
ammapaToB, JBUraTeNe; HAyKH O MaTepHalax; BBIYUCIUTEIBHBIX CHCTEM; KCIEPUMEHTATbHBIX
HCCIIeIOBaHUH; SKOHOMHYECKUX U TYMAaHHTApHBIX HPOOIEM OSKCILUTyaTalluH; IHUCTaHIIMOHHOTO
30HAUPOBaHUA 3eMid, HHGOPMAIMOHHBIX CITyTHUKOBBIX TEXHOJOTHH; IpPOOIEM BBICIIErO
HHXKEHEPHOTO o0pa3oBaHHMs B O0JacTH aBHA-, a’POKOCMHYECKHX CHCTEM; IpoOIeM
HAHOTEXHOJIOTHH JUI aBUa-, a9POKOCMUUYECKUX CUCTEM,. ..

Kypuan «AITAAC» — 0gysizbiunoe V3nanue, UMeroLee NEYaTHbINA U 3JIEKTPOHHbBIH BapHAHTBHI.

http://www.ken.ru/tat_en/science/ans/journals/rasj.html
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Actual problems of aviation and aerospace systems

processes, models, experiment

(APAAS)

International Russian-American Scientific Journal “Actual problems of aviation and
aerospace systems” (ISSN 1727-6853) is founded in 1995 on the initiative of Scientists-
Professors from Kazan Chetayev School of Mechanics and Stability, representatives of
Kazan Aviation Institute — Kazan State Technical University of A.N.Tupolev’s name,
(RUSSIA) and Scientists-Professors from Embry-Riddle Aeronautical University (USA).

The Journal is edited on base of Russian Centre of International Federation of Nonlinear
Analysts (IFNA), under the aegis of two Academies (Academy of Aviation and Aeronautics
Sciences and Russian Academy of Astronautics of K.E.Tsiolkovsky name), in cooperation with
MAI (Moscow Aviation Institute — State Technical University), Bauman MSTU (Bauman
Moscow State Technical University), ICS of RAS; with support of Education-Science Ministry
of RF, of Federal Space Agency.

“APAAS?” is International scientific periodic Journal on a broad spectrum of multidisciplinary
problems in Aviation and Astronautics, including researches in areas of dynamics and flight
control; theory, design and technology of aircrafts, engines; sciences on materials; information
and computing systems, experimental investigations; economic and humanity problems of
operation; remote sensing of Earth, information satellite technology; the problems of Higher
Engineering Education; the problems of nanotechnology for Avia-, Aerospace systems, ...

This Scientific Journal is bilingual Edition, with printed and electronic versions.

http://www .ken.ru/tat_en/science/ans/journals/rasj.html

The Journal has been cataloged:

in Congress Library; the Library of Congress Catalog Number (LCCN) is 98-646147

in British Library; the British Library Catalog Number (LCCN) is 0133.473700

Published papers are reviewed in abstract Journal and abstract database of RAS All-Russian
Institute of Scientific-Engineering Information.

Information about Edition is entered in reference system on periodic Editions “Ulrich’s
Periodicals Directory” http:/www.ulrichsweb.com

Online version of Scientific Edition is implemented in cooperation with Kazan Federal
University and is available at KFU-server
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