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[TPAKTUYECKOE 3AHATUE Nel

1. ICTOPUSA PAZBUTHUSA BTO. HPEAITIOCBIJIKA ITOABJIEHUSA U
JAJIBHEWIIEE PA3SBUTHE CIHEIIUAJIBHOCTU CUCTEMBI
YIIPABJIEHUSA JIETATEJIBHBIMHU AIIITAPATAMM.
INEPCIIEKTUBHBIE HAITPABJIEHUA PASBUTHUA BTO U 3ATAYN,
BO3HUKAIOHIUE ITEPEJ{l PASPABOTYUKAMU CUCTEM
YIIPABJIEHUA.

1.1. OcHOBHbBIC IOHATHS

BoicokoTrounoe opyxue (BTQO) - opyxue ¢ HesjiepHOW OOEBOM 4YaCThIO
(BY) pa3HbIX TUNOB, peaau3yloOllee KOHUEHIHUIO «BBICTPEI-MIOPAKEHUE», T.€.
JOCTUKEHHE TaKOro COYETaHUs MOIIHOCTH OO0€BOro 3apsjia U TOYHOCTU €ro
JIOCTAaBKHM, KOTOpOE OOECIEeUrBaJIO BO BCEX YCIOBMSX €ro 0OEBOro MpUMEHEHUs
NOPa)KEHUE UEIN TEPBBIM BBICTPEIIOM C BEPOATHOCTHIO OJM3KOW K EIMHULE.
OTtnuunrensHas ocobeHHocTh BTO — Hanuure 60pTOBOM U HA3€MHOM ammaparypbl
YIOPABJICHUS TO3BOJISIOLIEH LIEJIEHANIPABICHHO MEHSTh HaIlpaBJIEHUE JBUKEHUS
CPEIICTBA MOPAKEHHUS.

BTO mnpeBpatuiock B r1aBHOE CPEICTBO pEeIIeHUs OOEBBIX 33]1a4 B BOCHHBIX
KOH(JIMKTaX Majaol MHTEHCUBHOCTU. D((PEKTUBHOCTH MOPAXKEHUS LEIH 3aBUCUT
OT COBOKYMHOCTH (DAaKTOpPOB, TaKUX KakK OOHapyeHHE U paclo3HaBaHHE IIEJH,
TOYHOCTh TMOMNAJAaHUS CpPEJICTBA IMOPAXKEHUs, XapaKTepUCTUK OO0EBOM YacTu,
YCJIOBHUI B3aUMOJICMCTBUS CPEJICTBA MOPAKEHUS U 1IEIH.

Kommiexke BTQO — B3auMojelcTByoIasi aBTOMAaTH3WPOBAHHAS CHUCTEMA
CPEICTB, pealu3ylollas pa3BelbIBaTeIbHbIC, YIapHblE M 00ecrneurBaronIne
byHKIMM Ui TopakeHMsT Hend. B cocTaB KoMILiekca BXOAST CpPENCTBa
OOHapy>XeHMsI, OMO3HABaHUS M IeJieyKa3aHus, CPEICTBA YNPABICHUS TMOJETOM,
MyCKOBbIE YCTPOICTBA, yNpaBigeMbld Ooenpumac, oO0ecrneyrBarolue CpeicTBa,
yenoBek. BoopykeHune um wHGOPMAIMOHHBIE CHCTEMBl OOECIEUEHUSI CTPEIhOBI

MOTYT pacrojararbcsi Ha OJHOM muargopme, MOryT OBITh pa3HECEHbl B



npoctpancTBe. Kommiekchl MOryT oOecneduBaTh CTPeNb0y OJHUM —THIIOM
CpPEACTBAa TMOPAXEHUSI U HECKOJbKHMMHU THUIIAMH, KaK YIPaBIIEMbIMHU, TaK U
HEYNPaBJIIEeMbIMU OOCTIPUITACAMH.

boeBple M 3KCIUTyaTallMOHHBIE CBOMCTBA KOMIUIEKCA XAPAKTEPU3YIOTCS €r0
TaKTUKO-TeXHUYECKUMU xapaktepuctukamu (TTX).

TakTHKO-TeXHMYeCKHe XapPaKTePUCTUKH — COBOKYITHOCTb
KAQYECTBEHHBIX W KOJIWYECTBECHHBIX MapaMETPOB W3AEIUS BOCHHOW TEXHUKHU WIIH
BOOPY’KEHHSI, OMKCHIBAIOIIAS €TO CBOKCTBA.

1.2 Kparkasi ucropus co3nanust BTO

Havano mpuMeHeHus: pakeT ¢ MOPOXOBBIM ABUTaTe]IeM OoTHOCHTCS K 10-12
Bekam (Muaus, Kurait), B 3amagnoit EBpone — k konimy 13 Beka. B Poccun Ha
BOOPYKEHHUH COCTOSUIN 3axkuratenbHbie (18 Bek) u dyracueie (19 Bek) paketsl. B
cepenrHe 19 Beka B CBSI3U C PACHPOCTPAHECHUEM HAPE3HOM apTUILIEPUU UHTEPEC K
pakeTHOMY Opyuio ymaja. PaboTel MO €ro co3laHui0 BO30OHOBUJIMCH IOCIHE
IIEPBOM MHUPOBOM BOMHBI HA HOBOM HAay4YHO-TEXHUYECKOM YPOBHE — CO3aBAIVCh
ynpasisiembie JIA.

VYrpaBiieHHE HUCIOJIHUTEIBHBIM 3BEHOM MAIIMHBI HA PACCTOSHHUM CTajo
npobiemoit maBHO. OJIHAKO €€ pelieHue MOTJIO OCYIIECTBUTHCS TPHU YCIOBUU
dbopMupoBaHUsS KOMaHJ| HaBEJSHUS W CTaOuiau3anuud Ha Oopty uiau BHe JIA,
WCITOJIHEHHUS KoMaH Ha JIA, 11 4ero HeoOXoIuMO:

-HAJIM4YMe YCTOWYMBOM CBSI3M MEXAY 3aIllyCKalOIIMM YCTPOWCTBOM H
JIETATEJIBbHBIM aIlllapaToOM WJIM aIlliapaToM U LEJIbIO;

-BO3MOKHOCTb y4€Ta BO3JEHCTBUM CpEIbl U HEMEJIEHHOTO YCTPAaHECHUS
OTKJIOHEHUM, BBI3BIBAEMBIX 3THUMHU BO3JCUCTBUAMHU, C KOMAHJIHOTO MYHKTa WJIU
anmaparypou camoro JIA, BO3MOXKHOCTb OrpeiesieHus: koopauHat JIA.

BelllonHeHWEe 3THUX YCIOBUM CTajl0 BO3MOXHBIM B Hadaie 20 Beka.
OCHOBHBIE ONpENEISIONIMEe STanbl M OTKPBITUSA: H300peTeHHe U pa3padoTka
KOHCTPYKIIUH 3JEMEHTOB ABTOMATUKH M TEJIEMEXaHUKHU; HU300pETEeHUE pPaauo;
U300peTeHHEe U CO37]aHUuEe KOHCTPYKIIMH PEaKTUBHBIX JBUTATENEH; OOuuit

nporpecc HaykKu H TCXHHKH, HOSBOJ’ISIIOH_II/Iﬁ OCyIICCTBUTb HJICH, CIIOCOOBI M



YCTPOWCTBA YIIPABJICHHUS JICTATSILHBIMU anmapaTaMu 0e3 MAJIOTOB.

[TepBbie pa3zpaboTku OECTMIIOTHBIX CUCTEM TMOSBUIMCH B HAIIEH CTpaHEe U 3a
rpanutieit B 20-x rogax XX Beka.

B nutepaType MOKHO HATH YIOMUHAHKUE O TOM, YTO MEPBbIE OCCIUIOTHBIC
paauoymnpasisieMble CaMOJIETHI TOSBUIUCH IOCJIE TEPBOM MHUPOBONM BOWHBI U
npeIHa3HaAvYaIuCh I YHUuYTOKeHus: kopabneit (B 1910 roxy B CIIIA coznana u
UCIIBITaHA MOJIeNIb caMmoJiéTa-cHapsiia, B 1933 rony B BenukoOpuTaHuu ycremHo
UCIIBITaH PaJMOyIPABISIEMbI CaMOJIET-MUILIEHb, B ['epMaHuU BENHCH YCIEIIHbIC
pa3paboTku 6ecmiiIOTHBIX JIA pa3HBIX THIIOB).

3a Bpems BTOpPOW MHPOBOM BOWHBI HIEW YNPABIAEMBIX OOEMPUIIACOB
MOJTYYHUJIU MTPAKTHYECKOE BOIUJIOIICHHUE.

B T'epmanum B mepuona BTOpPOM MHpPOBOM BOWHBI ObuIO pa3paboraHo 23
oOpaslia ymnpaBisIeMbIX PEAKTUBHBIX CHApsOB, B TOM YHCIIE KJacca «3eMJsi-
3eMIID» — 5, «3eMIIS-BO3IYyX» — 6, «BO3AyX-3eMJIsi» — 3, «BO3AYyX-BO3IAyX» — 0,
ocTaJibHBbIE HcciaeAoBaTenbckue. CamMoil COBpEMEHHOM, M0 TOMY BpPEMEHH, Oblia
paketa DAVY-2 (V-2, A-4), oaHocTyneHuaTas OalIMCTHYECKas pakKeTa C
YKUJIKOCTHBIM PAKETHBIM JIBUTATEJIEM U aBTOHOMHBIM YNPABICHUEM Ha aKTHBHOM
ydacTKe Tpaekrtopuu, paspadorana B 1939/1942 r.r. Pakery ®AY-2 HazbIBaioT
MEPBLIM TIPEACTABUTENIEM M OOIIMM TMPEIKOM BCEX OOEBBIX OaNIUCTUYECKUX
paker. Kpputaras pakera ®AVY-1 crouna 61260 mapok, OamimcTuyeckas pakera
®AYVY-2 nopoxe — 306300 mapok, HO U OHa ObUIa TOYTH B 6 pa3 JeIIeBie, YeM
oomOapaupoBIIKK. [IpOAOIKUTENTLHOCTD KU3HU OOMOApAUPOBIIUKOB XEUHKEIb
unn FOHKepc B KOHIIE BOMHBI OrpaHUYMBANach 4-5 OOEBBIMU BBUIETAMH, KPOME
TOTO, B caMOJ€Tax THOMM MWIOTHL. IJTHU OOCTOSITENHCTBA CTAlU €€ OJHUMU
apryMeHTaMu JIsl TIPUHATHUS PEIIeHUsST MHOTMMM CTpaHaMu O pa3pabOTKE pakeT
KJIacca «3eMJISI-3eMIIS.

W3 memenkoro wuccienoBarenbCckoro IieHTpa B lleHemioHme, rae ObuUH
co3nanbl pakeTbl PAY-1 u ®AVY-2, B KOHILIE BOWHBI CAAIUCHh aMEPUKAHIAM U
3arem nepedpanuchk B CIIIA 492 Benymux cnenuaiucTa, Cpear KOTOPBIX OBLIN

KpyHHEHIM B Mupe KOHCTpYKTOp pakeT Bepuep ¢on bpayHn, renepan Banbtep



JlopHOeprep — «OCHOBATEIb MUPOBOTO TSKEJIOTO PAKETHOTO MAIIMHOCTPOECHUS.
Kpowme toro, B CIIIA Ob1111 BBIBE3€HBI BCA TEXHUUYECKask JOKyMeHTalus, 6omnee 100
rOTOBBIX K OTIpaBke Ha GpoHT pakeT DAY-2, 6oeBble CTApTOBbIE MO3UIIUU BMECTE
C BOCHHBIM [IEPCOHAJIOM.

YMECTHO OTMETUTh, MPAKTHUYECKOE PAKETOCTPOCHHE HAYMHAINA MOJIOJbIE
umwkeHepol. B 'epmanuu xanuran Banstep Jopubeprep (1895-1980) B 1930 roay
B BO3pacTe 35 JieT BO3IMVIaBWII MOJAPA3JIEIEHUE N0 pa3paboTKe pakeT, a 3aTeEM CTall
OJIHUM U3 PYKOBOJUTENIECH pakeTHOTO 1ieHTpa B [leneMioHae (710 3TOro oH BoeBaj B
TSKEJION apTWUIEPUH, 3aT€M C OTJIMYMEM 3aKOHYMI DepiIMHCKMM TEXHHYECKUU
YHUBEPCUTET, MOJYYUJI CTENEHb AOKTOpAa TEXHUYECKUX HAYK), B TOJbl BTOPOU
MHUPOBOW BOMHBI MOJIY4HJI TeHepaabckoe 3Banue. Bepuep ¢oun bpayn (1912-1977),
Oynyun acnupaHToM bepiuHckoro yHuBepcutera B 19 jeT cranm mnepBbIM
rpaKIaHCKUM COTpyIHUKOM JlopHOeprepa, a B 25 JieT 3aHsUT MOCT TEXHUYECKOTO
PYKOBOJMTEIISI PAKETHOTO LEHTpa U INIaBHOro KOHCTpykropa ®AY-2, rae B ero
NOAYMHEHUN HaxoAm10ch 10 20000 KOHCTPYKTOPOB, MHKEHEPOB U pabOYHX.

B Coserckom Coroze — Cepreit IlaBmoBuu Kopones (1907-1966),
KOHCTPYKTOpP PAaKETHO-KOCMUYECKHUX CHUCTEM, MPAKTUYECKH pOBECHUK bpayHa, B
25 net Bo3riaBuia co3fgaHHyro ¢ @.A. [{aunepom ['pyniy u3ydeHus peakTUBHOTO
nBrokeHus, B 1933 roay cran 3amectureneM HadanbHuka Pakernoro HUU, ¢ 1946
roja — TJaBHBIM KOHCTPYKTOP pAaKETHO-KOCMHMYECKOM TexHuku. Ilox ero
pykoBoscTBoM co3fnanbl mHOorue MBP, PH (B Tom uuncne pakera «Corwo3-¥Y» -
camasi U3BECTHas, MaccoBasi U BBICOKOHaAEkHas — 97,5 % ycHeumHbIX 3alycKoB),
nepsbii UC3, munotupyembie KK.

Jlo MomeHTa co3nanuss B I'epmanum paketHoro ueHrpa B IleHemronzae
(mpooOpa3 ceroJHsAIHUX HayKOrpaJloB) pa3BUTUE PAKETOCTPOECHUS B I'epMaHuu u
CCCP uwo mapaijielbHbIMUA MYTSAMH U TPAKTHYECKH OJMHAKOBBIMU TEMIIAMHU.
Koneuno, co3znanne @AY-2 He MOrjo M3MEHUTHh XOJa BTOPOMl MHUPOBOU BOWHBI,
HO, 10 MHEHHUIO aMEPUKAHCKHUX CIIEIIUAIMCTOB, UCIIOJIb30BAHUE HEMELKOTO OITbITa
MO3BOJIJIO COIKOHOMHUTH UM JO 5 JIET IpU pealli3allud COOCTBEHHBIX PaKETHBIX

nporpamMm (HaJao JTymaTh, aHAJIOTMYHAs CUTyalus ObUla M B HAlleWl cTpaHe, uTo



0oJiee Ba)KHO).

3a pybexom (kpome I'epmanmm) 3a mnepuwony 1942-1958 r.r. Obuto
pa3zpaborano Oonee 330 00pa3lOB yMHpaBlIIEMOr0 PEAKTUBHOTO OPYXKHUS, B TOM
YHUCIIe KJIacca: «3eMIII-3eMIIDy — 76, «3eMIs-Bo3ayx» — 50, «Bo3myX-3eMis» — 38,
«BO31yX-Bo31yxX» — 44. Ha nomto CIIA npuxoautces 186 o6pasnor, @paniuu — 50
00pasIioB.

[Ipaktrueckass pa3paboTka yHOpaBiIsEMOM pPAKETHOM TEXHHUKH CaMOIo
pa3nuuHoro HaszHayeHus Hayanack B CCCP yxe B mepBbl€ MOCIEBOCHHBIE TOJIBI.
3agaua BocrpousBectu pakety DAVY-2 okazanach JOCTATOYHO CIIOXKHOW H3-3a
0oJiee HU3KOIO YPOBHSI TEXHUKH WU TEXHOJIOTMHM IO CpaBHEHHUIO C ['epmaHuei.
JlocTaTtoyHO cKa3aTh, 4TO M3 232 COPTOB YEPHBIX U LBETHBIX METAJUIOB,
HEMETAUINYECKUX MaTEpUaJOB, MCIONb30BaBmnXca B PAY-2, B Hamen crpaHe
IPOU3BOAWIOCH JIMIIb I0JIOBUHA. TpeboBajioch pa3BUTHE MHOTHMX OTpaciie,
HOBBIE KaJpBbI.

13 mas 1946 rona pykoBOACTBOM CTpaHbI MIPUHATO noctaHoBieHue Ne 1017-
419, KOTOpPBIM HOJIOKEHO Havajo (OPMUPOBAHUS OTJCIBHON OTpaciau 00OpOHHON
IPOMBIIUICHHOCTH — pakerocTpoeHuto. Panee, B 1944 roay ObUIO NpPUHATO
IIOCTAHOBJICHHE NPABUTENBCTBA O MEPAX MO CO3AAHUI0 PEAKTUBHON TEXHUKH U
HOJIFOTOBKU B By3aX HEOOXOAUMBIX JUIsl 3TOM LI€H crienuaiucToB. Bo ucnonnenue
TOr0 TOCTAHOBJEHUS yxe B 1945-1946 romax Hayanach NOATOTOBKA
CHEIUAINCTOB B o0OnacTu peakTuBHOW TexHuku B MBTY, B JleHunrpaackom
BoeHHO-MEXaHMYECKOM HHCTUTYTE, U yXke B 1946 roay cocrosyics uX INEpBbIA
BBIITYCK.

B oxTsa6pe 1947 rona mpousBeneH MEPBbIN MyCK COBETCKOW YIpaBIsieMOM
oayncTruueckol paketsl P-1 Ha 6aze ®AY-2 (mocTtaBieHa Ha BoopyxeHue B 1950
rony), B 1960 romy mocraBieHa Ha BOOPYXEHHE MEXKKOHTUHEHTAIbHAs
OammmcTuyeckas pakera P-7. D1y nepBble pakeTsl co3aHbl Mo pykoBoacTBoM C.
I1. KoponeBa. 4 okts16ps 1957 roga B CoBerckoM Coro3e BBIBEEH Ha OpOUTY
NEPBbI B MUPE UCKYCCTBEHHBIN CIyTHUK 3emuH, 12 ampenst 1961 roga B kocMoce

noObIBan nepsbiid yenosek — FO. A. INarapum.



B nepuon g0 1960 rona npuHATH HA BOOPYKEHHUE YIPABIISIEMbIE PAKETHbBIE
KOMIUIEKCHI: aBHAllMOHHAs pakeTa Kjacca «Bo3Ayx-Bo3ayx» — PC-1V,
aBHAIIMOHHAsI paKeTa Kilacca «BO3AyX-MOBEPXHOCTH» — «KomeTay, ynpasisemas
aBuabomba Yb-20, 3PK C-25 ¢ pakeroit B-300 ns [1BO, 3PK C-75 ¢ pakeroit B-
750 nna T1IBO, kopabenbHblli komIuieke ¢ Kpbuiatod pakeroi KCIL, xpeuiatas
paketa HazemHoro 6azupoBanus ®KP-1, ITTPK «I1IMmenb» u «Dananray.

Pakeroit B-750 1 mas 1960 roma B paiioHe CaepmioBcka OBLT COUT
amMepuKaHCKuii camoner-pasBequuk Lockheed U-2 ¢ munorom ®. I'. Tlayspcom,
NUJI0T KaTanmyJbTupoBaics ¢ BeIcoThl 20000 M 1 ObUT apecToBaH (CaMOJEThI 3TOTO
tuna no 3aganuto [IPY 4 rona Ge3nakazanno neranu Haj tepputopuein CCCP,
BBICOTA IOJeTa camoiera-pa3Beaunka-21000 M, BO3MOXKHOCTH  HaIIUX
uctpeoureneri — Mul'-17-Beicota g0 16500 M, Mul-19-18000 m, PJIC-menee
18000 ™m). 4 wmapra 1961 roma mnporuBopakera B-1000 BmepBbie B Mupe
nepexBaTiia FoJIOBHYIO 4acTh OaJUTMCTUYECKOW PaKEThI.

Heo6xonumocts co3znanus BTO B Hamielt ctpane B 1950-e¢ roasl moBJIEKIIO
nepenpoGuInpoBaHue MHOTHX OOOPOHHBIX MPEANPUITUH, TOTPeOOBAJIO CO3AaAHUS
HOBBIX OTpacjedl MPOMBIILJIEHHOCTH, OCBOCHHIO HOBBIX KOMIIETCHIIMI B HayKe,
MIPOU3BOJICTBE, OOPA30BAHUMU.

1.3 KpaTkas ucropusi nosiieHusi kagpeapol CucreMm aBTOMaTH4€CKOro
ylnpaBJieHUus

B Tyne, B MEXaHHUYECKOM HHCTUTYTE IOJATNOTOBKA KAaAPOB I PAKETHOU
oTpaciu Havyanach B 1954 rony no MHMIMATUBE U AKTUBHOM ydyacTuM MamMOHTOBa
M. A. C 1956 roma Bemer cBow wucroputro kapeapa CAY, nomyuyuBias
ceromgusiiHee HazBanue B 1961 romy; B 1961 romy opranuzoBana kadempa
TUPOCKOMUYECKUX TMPUOOPOB U yCTpoucTB. llepBbie paboOTHl 1O CO3/IaHUIO
paketHoro opyxusi B [IKb-14, r. Tyna (aptae OAO « Kb npubopocTtpoenus um.
akagemuka A.l'.IllunyHoBa») Hadamuck B 1956 roay. Iloucku cBoero mytu B Kb
MPOJIOTIKATUCh HECKOJIBKO JIET, B TEUCHHE KOTOPBIX H3BECTHBIE KOHCTPYKTOPHI
CTPEJIKOBO-IIYIIIEYHOTO BOOPYKEHHSI «IPUCMATPUBAINCH» K HOBOW TEMATHUKE

(aBI/IaLII/IOHHBIC, 3CHUTHBIC, TAKTHYCCKHUC OaJNIMCTUYECKHE U IIPOTUBOTAHKOBBIC



pakeThl), pa3padaThiBasi MTOKYMEHTAIIMIO, YIacCTBYS B KOHKYPCHBIX pa3paboTKax.
3arem odopmmiuce HaydHo-TexHumueckue Hampasinenus: IITPK, KVYB
aptwuiepud, TaHkoB U BMII, 3PIIK, cTpenkoBO-NyIIEYHOE BOOPYKEHHE U
6oenpuracel. B 1986 rony na 6aze KbII opranuzoBan yueOHbIi ieHTp TyabCKOTO
rocynapcteseHHoro yHusepcuteta. C 1962 roma mo 2006 KBII Bosrmasisia
[[IunyHoB A. I'. — BBIIAIOIIUIICA KOHCTPYKTOP, YUEHBIN, OPTraHU3aTOP, OCHOBATEIb
HAy4YHOM IIKOJBI MO CTPEIKOBO-IIYHIEYHOMY U YHOPABISIEMOMY PaKETHOMY
BOOPYKECHHUIO, JECWCTBUTEIBHBIA 4YJIeH POCCHMHCKOW akaJgeMHU HAyK, BBIIYCKHUK
Tynbckoro Mexanudeckoro wuHcturyta (7.11.1927-25.04.2013). J.O.Porosus,
3amectutens npeacenarens [Ipasurensctea PO, Ha BcTpeue ¢ koiuektuBoM OAO
«KBIT» 27.04.2013 ckazan: «lllumyHOB OBbLI YeTOBEK BBIJAOIICICS BOJM U BEPHI B
TOM IpEAHA3HAYEHUH, KOTOPOE OH caM HEC M HEC €ro KOJUIEKTHBY («3a mporpecc
Ne40-41, 2013). 23 guBaps 2014 roga npeanpusiTUIO MPUCBOCHO MMS ApKaaus
['eoprueBuua Illunynosa. Ha mpotskenun Bceit cBoeit uictopuu kadeapa CAY
akTuBHO corpyaHuyana ¢ KbBII, 4ro w onpenennno HanmpaBIEHHOCTb
aKaJeMUYeCKOM U Hay4dyHOU JesTeNbHOCTH Kadenpwl. BwimyckHuKH Kadeapsl
BHECIIM CYIIECTBEHHBIM BKJIAJ B pa3pabOTKy 0Opa3LoB yHpPaBISIEMON TEXHHUKHU
KBII.

OgHuM U3 PYKOBOJAUTENEH KOCMHYECKON MpOrpamMbl, MpeacenareneM
MPABUTEIILCTBEHHOW KOMHUCCUM TPH 3allyCKe TMEPBOr0 KOCMOHABTA SIBIISJICA
Koncrantin Hukonaesuu Pynues. Pymnes K. H. (1911-1980), — cosetckwuii
rocy1apCTBeHHbIN Aesrenb, ['epor Commanucrudeckoro Tpyna, B 1958-61 roaer
npencenarens ['ocynapctBenHoro komutera Cosera MwunuctpoB CCCP no
oboponHoit TexHuke. B 1961-1965 3amectutens mnpencenatenss CM CCCP,
npexacenareiab ['OCyJapCTBEHHOTO  KOMUTETa 1O KOOPAMHALIMM — HAay4HO-
uccienoBarenbckux pador. C 1965 roma MUHHCTP IPUOOPOCTPOCHUS, CPEACTB
apTOMaTu3aunu M cucreM ynpasieHusd. KoncrantuH Hwukomaesnu Pynnes ¢
otnuureM 3akoHuud B 1935 roay Tynbckuil MeXxaHWYeCKH MHCTUTYT (TI€PBBIM
BBIITYCK).

BBIMYCKHUKM ~ MalIMHOCTPOUTENBHOTO,  MexaHumueckoro u  CAY



(bakynbTeTOB (HBIHE HMHCTUTYT BBICOKOTOYHBIX cucteM umeHu B.II. I'pssesa)
YCHEIIHO TPYAWINCh U TPYAITCS B OOOPOHHBIX OTPACIAX MPOMBILIJIEHHOCTH, Ha

IIOJIMI'OHAX, CIy’KaT B apMHH, CO3aBasa O60p0HHLII>i IMOTCHIMAJ CTPAaHBI.

1.4 CucremMbl aBTOMATH4Y€CKOI'0 YIIPABJICHUS KAK HEOTbeMJIeMas 4acTh
BTO.

[Ipobnema yripaBiaeHUsT paKeTaMu CBOJIUTCS K BRIOOPY METO/1a HABEACHUS H
, CO3JIaHHI0 aBTOMATHYECKOW armapaTypbl, o0ecreynBaroniell yaep:;KkaHue pakeThl
Ha 3aJaHHOM WM (opMHUpyeMoll B TMpoliecce MojieTa TpaeKkTopuu Jubdo 6e3
ydacTusi, OO0 C HEKOTOPOW IMOMOIIBI0 YEIOBEKa-OmepaTopa HE3aBHCHUMO OT

JIFOOBIX PETYIIPHBIX UIIHA cnyqaﬁHbe, BHCIIHHX HUJIM BHYTPCHHHUX BO3MYIIICHHH.

Cucrembl aBToMatuyeckoro ynpasieHus (CAY) B 1eiaoM NpeacTaBisioT
co0oil ClOXHBIE JAWHAMUYeckue cucreMbl. lccienoBanue, NpPOEKTUPOBAHUE,
IPOU3BOJCTBO, UCTIBITAaHUS U FKcIuTyaTanuss CAY mo6oro o0bekTa NpecTaBIIseT

CJIO’KHYIO HAyYHYIO M IIPAKTUYECKYIO 3a/1a4y.

Hanpumep, cuuTaercs, 4YTO OCHOBHBIMHM 3aTpaTaMu IIpH pa3paboTke
YIPaBISIEMBIX PAKET SBIIAIOTCS 3aTPaThl HA CUCTEMY yNpaBieHus. Tak, AJi1 paKeThl
«Cneppoy-1» (knacc «Bo3ayx-BO3AyX», HaBEJEHUE IO PaAHOIydy, CTAPTOBBIM BeC
135 kr, oOmwue 3arpaThl Ha pa3paboTky 30 MIH. [A0OJIapOB) 3aTpaThl
pactlpefenuiInch CIEeIylmuM o0pa3oM: CHUCTEMa YOpPaBICHUS, BKIOYAs
aBTONUIIOT U UCTOYHHWKUA 3Hepruun 77,5%, nnanep cHapsna 12,5%, nBurartenb
6,5%, 6oeBas yacthb 3,5%.

CocTaB anmapaTypsl CUCTEMBI YIIPABICHUS, €€ pacrpezesieHne Ha O0pTOBYIO
¥ HA3eMHYI0 4acTb OIpeNessieTcs] MPUMEHSEMbIM B JaHHOW CHUCTEME CIOCOOOM
yIpaBICHUS.

OOBIYHO UCTIOIB3YETCs CaeayIouas Kiaccu(ukalys crnocoO0B yIpaBICHUS:

1) aBTOHOMHOE YIpaBJICHUE;
2) ympaBlieHHE C KOMaHIHOTO IMyHKTa (cuctembl Teneynpasicaus — CTY,
cucrembl TeneoprueHTupoBanusa — CTO);

3) camoHaBeeHUE;



4) xOMOWHUPOBAHHOE YIPAaBIICHHE.

B 3aBUCMMOCTH OT CTENEHHM YYacTUsl YE€IOBEKa-ONeparopa B HABEACHHUU
OecrnmiioTHOTO ympasisiemoro jetatenbHoro anmnapara (bYJIA) (conpoBoxaeHue
uenu, Haomoaenue 3a JIA, BbipaboTKa KOMaH/ HAaBEJIEHUsA), CHCTEMbI YIIPaBICHUS
JIESTCS HAa aBTOMAaTUYECKHEe M aBTOMATU3WPOBAHHBIE (IOJyaBTOMATHYECKHE,
PYYHBIE).

B 3aBucumoctu OT MecTa (OPMUPOBAHUSA CHUTHANA YIPABICHUS PYJISIMU
PAKEThl MOKHO BBIJICIUTH JBA METO/IA YIIPABICHUS C KOMAHIHOTO IMYHKTA!

[TepBrrit — popMupoBaHNE KOMAHIHBIX CUTHAJIOB HA MTyHKTE yIPABICHUS H
nepefadya MX 0O JMHUM TeNeynpaBieHHs (JIMHUM CBSI3U: MPOBOJHOM —
AIEKTPUUECKON WM BOJIOKOHHO-onTHYeckor nuHuu cBsizu (BOJIC), oTkpbiTON —
paauno, Ja3epHbIN, HUK-nyd.) Ha OopT pakersl. Cucrema ymnpaBieHUS,
peanusyromas ~ 3TOT  METOJ,  Ha3blBaeTCA  CHCTEMOM  TEJEYNpPaBIICHHUS
(renenaBenenus) - CTY. PeanuszoBanbsl pydHbIE, TOJyaBTOMaTHYECKUE,
apromatuueckue CTY.

CTY Bxiroyaer ciaeAyrolnue TPU MOACUCTEMBI: KOHTYP CIEKEHUS 3a LETbIO,
KOHTYp CIEXKEHHUS W KOHTYpP HaBEICHHs yHOpaBisieMod pakeTbl. DyHKIUU
TeJICYNpPaBICHUs PEATU3YIOTCs armapaTypoll KOMaHJHOTO IyHKTa, OOpTOBOM
anmapaTypoii, JUHUEH CBSA3M C y4aCTHEM WK 0€3 y4acTHs orepaTopa B KOHTYPE.

@opMHUpOBaHUE KOMAH]I YIIPABJICHHS MOKET OCYILIECTBIIATHCS CIEAYIOLUMU
croco0amMu: B KOOpAMHATaX IyHKTa YIIpaBJCHUsS, B 9TOM ciydyae Ha Oopry JIA
JIOJDKHA HAXOAMUTBCS ONMOpPHAsl CHUCTEMA OTCYETa, OCH KOTOPOW MapaijieibHbI
COOTBETCTBYIOILIUM OCSIM CHCTEMbl KOOPJMHAT KOMAaHJHOTO MYHKTa, TEXHUYECKAS
peayin3aiys ONOPHOW CUCTEMBbI KOOPAMHAT OOBIYHO OCYILECTBISETCS C MOMOILBIO
TPEXCTEMEHHOI0 CBOOOIHOTO THpOCKoMNa (CTaduiu3aius o KpeHy, Ju0o mnepeBo/l
KOMaH/bl B CBsA3aHHyI ¢ JIA cucTeMy KOOpAMHAT); HA KOMAaHJHOM IIYHKTE C
ydueToM OTKJIOHEeHUs JIA OT 3agaHHON TpaeKTopuu (JIMHUHM BU3UPOBAHUS) U yTJia
KpeHa.

Bropoit meTon ympaBiaeHHss ¢ KOMaHAHOTO TyHKTa — (opMupoBaHue

CUTHAJIOB yMpaBJEHUS Ha OOPTY paKeThl C MOMOIIBIO CHEIUABHBIX YCTPOUCTB,



U3MEPSIOIINX OTKJIOHEHUE PAKETHI OT 3aIaHHOM JIMHUHU WIH IUIOCKOCTH ABUKEHUSI.
HampaBneHue JMHMM WM IUIOCKOCTH JBHWKEHUS B IPOCTPAHCTBE 3aJAaE€TCS C
INOMOUIBIO CPEJCTB IyHKTa YIpPaBJICHUS U U3MEHSETCS B IPOLECCE HABEICHUS
pakKeThl Ha LIeJb (paKeTa JABMXKETCS B MHPOPMALIMOHHOM I10JI€ — PaJHo, JIa3€pHBIi,
HUK-n1yu.). Cucrema ynopaBleHus, peaqusylonias 3TOT METOJ, Ha3bIBaeTCs
CUCTEMOH TEJICOPUEHTUPOBaHUs (YIpaBIECHHUE MO JIy4dy, «OCEUIaHHBIM JIyu») —
CTO. PeanuzoBansl nonyaBTomaruueckue, aBromarudeckue CTO.

CaMoHaBeIcHUEM HAa3bIBA€TCSI CIIOCOO aBTOMATHMYECKOIO  YIPaBJICHMUS
newxkenneM JIA ¢ momMompbro  OOPTOBOWM — ammapaTypbl, OCHOBAaHHBIM Ha
uH(pOpMaIK, BBIIETSIONMIEH EIb Ha OKpYyXatomeM (oHe.

JUIsi HaBeNEeHHsI HCIONB3YEeTCS H3IydaeMas WIM OTpakaeMas LEJbIo
HHEPrus, KOHTPACTHO BBIJAEIAIONIAs €€ Ha oKpyxatonieMm (oue. [lo Bugy sneprumu,
KOTOPYIO U3JIy4aeT WM OTPaKaeT Lelb, CHCTEMbI CAMOHABECHUS Pa3EISIIOTCS Ha
pPaZMOIOKALIMOHHBIE U ONTHYECKHE (MH(paKpacHbIE WM TEIUIOBBIE, CBETOBBIC,
JIa3epHBIE).

B 3aBUCMMOCTH OT MECTa PacHoJIOKEHHS NEPBUYHOIO HCTOYHHMKA SHEPIHH
CUCTEMBl ~ CAMOHABEACHUS MOTYT OBITb  IACCUBHBIMHU, AKTUBHBIMH H
NOJIyaKTUBHBIMH. 1IpH macCMBHOM CaMOHABEIEHUU HEPIUs, U3ydaeMasl LEJbIo,
CO3JaeTCs HCTOYHMKAMHM CcaMoOil memu (CroAaa K€  OTHOCSAT — CHCTEMBI,
BOCIIPUHUMAIOIIME OTPAKEHHYIO LEIbI0 SHEPIHI0 E€CTECTBEHHBIX 00iydarenen
nenu - Comuue, Jlyna). Cuctema akKTHMBHOIO CaMOHABEIEHUSI XapaKTepU3yeTcs
TE€M, YTO MCTOYHMK AHEPruu, oOMydaroluid 1eNb, ycTaHaBinuBaeTcss Ha JIA u nns
CaMOHABEACHUS UCIIOJIb3YETCSl OTPAXXEHHAs OT LEIM DHEPrus 3TOr0 HMCTOYHMKA.
[Tpu moslyakTHUBHOM CaMOHABEIEHUU IeJIb 00Iy4aeTcs NEPBUYHBIM HCTOYHUKOM
HHEPrUH, PACIOIO0KEHHBIM BHE LIEJU U PAKETHI.

st ynpaBisiemMbix  OoempumnacoB OJMKHEW 30HBI JIEUCTBUS Haunbosee
pacnpoCTpaHEHHBIMU SIBJIIFOTCSI AKTUBHBIE PaJUOJIOKALIMOHHBIE, MOJIyaKTHBHbBIE
Ja3epHbIe U MacCUBHbIE MH(PPAKPACHBIE CUCTEMbI CAMOHABEICHUA.

Cxema mnonydenuss uHpopmaumu ['CH B akTUBHOM, MOIyaKTUBHOM H

NACCUBHOM pEXMMax MpeacTaBlieHa Ha ciaiiae 13 (umerorca mpoekTsl YP ¢



koMOuHupoBaHHbiIMU ['CH — ¢ momyakTUBHBIM Ja3epHbIM, maccuBHbIM TIIB u
aktuBHbIM PJI kanamamu, y npumepy YP JCM, CILIA, koHTYyp IuiaHepa KOTOPOH
n3o0paxkeH Ha cxeme). [lpumepoM peanu3anMd MAacCUBHOW  CHCTEMBbI
caMoHaBeZieHUs1 MokeT ciay)kuTh ceMeinictBo [I3PK Crpena-2, Urna.

K cucremam camoHaBeJileHUSI MHOT/Ia OTHOCAT TaKUE CHUCTEMBI, KOTOpPhIE Ha
KaKOM-TO y4acTKe ABWXeHUs JIA HaBOJAT €ro B MPOCTPAHCTBEHHO-BPEMEHHYIO
001acTph, ompeAenseMyl0 3aJaHHBIMU 3apaHee WM (HOPMUPYEMBIMH B IIPOIECCE
NBIDKEHUA  JaHHbIMU. Od4eHb 4YacTo - TMpU OTOM  MOAPa3yMEBAIOTCA
COOTBETCTBYIOIIME (U3NYECKUE TOJS - COOCTBEHHBIE pPaJHOJIOKALMOHHOE,
TEIUIOBOE, pAJAMAIIMOHHOE W  MAarHUTHOE H3JIy4YeHHE 3€MJIH,  IKECTKO
KOPpEIUPOBAHHbIE C LIETSIMHU.

K xoMOMHHpOBaHHBIM CHCTEMaM YIPABICHUS OTHOCAT MHTETPUPOBAHHBIC
CUCTEMBI, pPEAU3YIOIINE pPAa3JIUYHbIe CIOCOOBl YIpaBi€HHUS (aBTOHOMHOE,
yIpaBJICHHE C KOMAaHJHOTO ITyHKTa, CaMOHABEJIEHHWE) Ha OTACJIbHBIX Yy4YacTKax
TpaeKTOpUH (MOCIEAOBATEIBHO WM TapajuiebHO) C LENbI0 TOBBIIMICHHUS
3¢ PeKTUBHOCTH PaObOTHI KOMILIECKCA.

Pa3BuTre KOMOMHIUPOBAHHBIX CHCTEM YIPABICHUS, paCIIUPEHHE MacIITab0oB
UX UCIIOJIb30BaHUS 00YCIOBJICHO CICAYIOMMMU (DAKTOpaMHU:

— HE0O0XOIUMOCTD IIOBLIIIICHHUS 0oeBoIl 51 AKCILTyaTallMOHHOMN
3¢ ()EeKTUBHOCTU KOMILIEKCA;

— pa3BUTHE  HAy4YHOM W TEXHOJOTMYeCKOoM  0a3bl  oTpacieit
PaKETOCTPOECHUS, AIEKTPOHUKH, puOOPOCTPOCHHS, UH(OPMAITMOHHBIX
TEXHOJIOTHI;

— peaqu3anys TEPCIEKTUBHOW KOHIEMIMH «HE3aBUCUMOCTH OOBeKTa
BOOPY)KCHHUSI Ha BCEX CTAIUSAX MPUMEHEHUS» U «BUPTYyATH3AlUU JESITEIBHOCTH
OIepaTopar.

Ha 3amane pasButue yrpabiseMbiXx pakeT (0cooeHHO YP Ha moaBMKHBIX
HOCUTEJISIX) 00pa3HO XapaKTepU3yeTCs CAeAYIOIINUMH MPUHIUITAMHU:

— «HIepBbIM yBUjIET — iepBbiM BeicTpenw» (First Look — First Fire);

— «mepBbIM ImycTuiI — niepBbiM nopaswn» (First Shoot — First Kill);



— «BbIcTpenwt u 3a0eum» (Fire and Forget);

— «myctun u ymem» (Launch and Leave).

1.4 CoBpemeHnHble TeHAeHIMH co3aannu o0pasuos BTO.

MO0>KHO BBIICIIUTH OCHOBHBIE TeHIeHINHU pa3BuThs BTO B coBpeMEHHBIX
TEONMOJUTUYECKUX YCIOBUSX.

CoznaHne yHUBEpCAJIbHBIX CUCTEM U KOMIUIEKCOB (MHOTO(YHKIIMOHAIbHBIE,
MHorouenesbie, MoxyiaeHble YCII; yHuBepcangbHbBIE ITyCKOBBIE YCTAaHOBKW;
MHOTOIIIAT()OPMEHHBIE CUCTEMBI).

Coznanue ynpaBiisieMbIX CPEJICTB OPaXKEHUs MaJoro Kajuuopa.

Pa3Butne nndopmanmoHHO-KOMMYHUKaIIMOHHON yacTu BTO.

PoGoTtuzamuss 1 aBToMaru3anusl ymnpaBieHUs KOMIUIEKCOB. CokpalieHue
HUKJIa OT OOHapyKeHus [0 TNopaxeHus uenu. lcnoiab3oBaHHE METOIOB
HCKYCCTBEHHOI'O MHTEJUICKTA.

PazButue cucrem opyxusi. Cozganne BTO nnsa nuanazona nanbHOCTH 10-
100 km.

Pa3Butne cnocob6oB u yctpoictB ymnpasieHuss MIVYBIL. C passutuem
TEXHOJOTMUeCKOM 0a3bl OOpTOBOM M HA3eMHOH ammapatypbl  yHpaBJICHUS
(MUKPO3JIEKTPOMEXAHUYECKME M  MHUKPOIPOLIECCOPHBIE CUCTEMBI B  IEPBYIO
ouepenp), HUHPOPMAIMOHHBIX TEXHOJOTUH CJleAyeT OXUAaTh JaJbHEHIIEero
B3aMMONPOHUKHOBEHUSI UJIEH U peleHuid pa3Hbix BuaoB u cuctem BTO (B nepyto
ouepeib 0 CUCTEMaM YIPABJICHHUS).

Pa3BuTre NHHOBALIMOHHBIX TEXHOJIOTUI TPUMEHEHUSI CHCTEM M KOMILJIEKCOB
BTO, Bkiouas JEUEHTPAIM30BAaHHYIO CTallHyl0 TaKTHKy BEIECHUA OOEBBIX
JNEUCTBUM.

Pa3BuTne TexHoONMOrMi 3auUThl U 00JeryeHus: Tpyaa omneparopa. Co3naHue
CUCTEM U TEXHOJOTMUA MOATOTOBKM OMNEPATOPOB, KOHTPOJS M MOJIEPKAHUS
npodeccruoHanbHOM (GOPMEI.

[ToBhIlIEHNE TOYHOCTH HEYIPaBISIEMbIX OOCMPUIIACOB BHEAPEHUEM OJIOKOB
KOPPEKILUU TPACKTOPUH, YIIPABICHUEM HaYaJIbHBIM COCTOSTHUEM OOerpumnaca.

BTO nmomxHO  OBITh  HAACKHBIM, TMPOCTHIM B  JKCIUIyaTallWH,



TEXHOJIOTUYHBIM, d()(PEKTUBHBIM 33 CUET CKPBHITHOCTH, BHE3AITHOCTH MTPUMEHEHUS,
BBICOKOU JKUBYUYECTH, MPEJICTbHON MUHUMU3AIUU CUJT U CPEACTB, MIPUBIICKAEMBIX K
penieHuIo 60eBoit 3a/1a4u.

CoBpeMeHHbIE YCIOBHS BelCHHS OOEBBIX MACHCTBUH XapaKTEpU3YIOTCS
MIOCTOSIHHBIM ~ YBEJIIMYEHHEM  CKOPOCTEd M  PACCTOSIHUWA, Ha  KOTOPBIX
OCYIIECTBJISICTCS. B3aUMOJICHCTBHE TMPOTUBOOOPCTBYIOIIUX CTOPOH, a TaKke
pacHIMpEeHUEM HOMEHKJIATYphl PA3JIHMYHBIX LEJIed M CPEICTB UX MOpPaXKEHUS.
BcenenctBue storo pactyT U TpeOOBaHUS MO JAIBHOCTU JIEUCTBUSI U CKOPOCTH
noJIETa BBICOKOTOUYHBIX OoenpuriacoB. Kpome TOro, BO3HMKaeT MOTPEOHOCTh B
YHUBEPCAIBHBIX MaJIOrabapUTHBIX JIeTaTeNbHBIX ammapatoB (JIA), crmocoOHBIX
OOpOThCS ¢ HMIMPOKONH HOMEHKJIATYpPOU Ieeil Ha 3HAYMTEIbHBIX PACCTOSHUSX, B
UJeabHOM BapUaHTe, HaXOJSCh 3a MpeAesiaMH 30Hbl OTBETHOrO OTHs. J{aHHBIM
TpeOoBaHUsIM 0o0Jiee BCEr0 COOTBETCTBYIOT MEXBUIOBbIe JIA, pa3zpaboTka
KOTOPBIX B HACTOSIIIIMI MOMEHT ITPOBOAUTCS B PSAJIE CTPAH.

[Ipumepom mexBuaoBoro JIA sBisercs komiuieke Polyphem (®panius,
['epmanus, Wranus), oOnamaronuii KOMOMHUPOBAHHOW CHUCTEMON HaBEJCHUSI.
Kommiexke paszpabateiBaeTcs ¢ 1984 roma, nanpHocte 20 u 60 kM, BY
MHOTOIIeJIeBass KYMYJISITUBHO - OCKOJIOUHAs, CHCTEMa HaBEJICHUS WHEpIaIbHas/
GPS + remnoBusuonnas I'CH + cucrema teneynpasnenusi ¢ BOJIC. Oneparop B
KOHTYp€ HaBEACHUS B JIO00 MOMEHT MOKET B3SATh YIPaBJICHHE KOMIUIEKCOM Ha
ce0si, I3MEHUTh TOYKY MPHUIICTUBAHUS, MOTYYUTh WHOOPMAIUIO O TIOMAlaHUU B
uenb. CucremMa ynpaBieHUs OTHEM IMO3BOJISIET IUIAHMPOBAThH ONEpalyy 0 ITycKa.
B mamsaTu xommbioTepa mMeercs LupoBas KapTa MECTHOCTH, € B peallbHOM
MaciiTabe BpeMEHH OTOOpa)kaeTcsi MECTHOCTb, HaJl KOTOPOM MpOJeTaeT pakera
(Beicota TpaekTtopun 20..600 m). Bo3MoOkeH MOBTOpHBIA 3aX0J Ha LEJb.
BonokonHo-onTHYeckuii kabeab aHaJOTUYEH UCIOJIb3yeMOMY ISl TPaKIaHCKHUX
TEJIEKOMMYHUKAIITMOHHBIX 1eJel (BHEIIHEE MOKPBITUE crienualibHoe). [IpouHoCTh
kabenst Ha pa3peiB B 10 pa3 Oosibllle MPOYHOCTH METAIIUYECKUX IPOBOJIOB.
Huametp xabemnst — 250 mxm. CKOpOCTh mepefavyn BUACOU300paKEHUST U JAHHBIX

OoT pakeTbl K myckoBoi ycrtaHoBke (ITY) — 240 Mowut/c. CkopocTh mnepenadu



nauabix oT I1Y u paketst — 10 M6ut/c. Buemmnnit Bug YP Polyphem u tunmnunas
TpaekTopus nojsera Y P npencrasneHsl Ha ciaize.

ABTOHOMHAsI  CHCTEMa  HABEACHUS  peallu30BaHa B  CTPYKTYype
KOMOWHUPOBAHHOM CHCTEMBI yIpaBieHUs MexBHIoBoW paketsl PAM (Precission
Attack Missiles — BbICOKOTOYHAsI aTakylolash pakKeTa) PaKeTHOrO KOMILIEKCa
taktnyeckoro HasHaueHuss NLOS-LS (Non -Line-of-Sight-Launch System —
IIyCKOBasi YCTAHOBKA C HABEJCHUEM HE [0 JMHUU BHU3UPOBAHMS. YCTaHOBKY
MOYHO Ha3BaThb YHUBEPCAJIbHBIM PAKETHBIM OPYKHEM, TAK KAK OHA MPEACTABISAET
co00lil THOPHUA CHCTEMBI 3aJIIOBOrO OTHS (CKOPOCTPEIBHONW PAKETHON CHCTEMBI),
ceepxaanbHero [ITPK u cuctem paseasiBaTenbHbix U yaapHeix bAC. IlyckoBbie
KOHTEHHEpHhl C pakeTaMH CMOHTHUPOBAHBI B €IMHOM TPaHCIOPTAOEIbHOM OJIOKE
(15 xoHTeliHepOoB C pakeTaMHM M OJMH KOHTEHHEpP C 3IIEKTPOHHBIMHU
obopynoBanuem). OcuoBubie TTX pakersl: anmmHa — 1,5 M, AuameTp Kopmyca —
0,18 M, macca — 45 xr, cpegHsAsl CKOPOCTb — J03BYKOBas, Max aaJbHOCTH
cTpenbObi— 40 kM, BpeMs noiéra — 6 MHUH, IBUraTeiab — AByXpexxuMmubld PITT,
bY — xymynsaruBHas /ockoiouHo-(yracHas, macca BB — okomo 5 kr. Cucrema
VIOPABJICHUS MOJETOM — KOMOMHUPOBAHHAS: HWHEPLHAJIbHAA C KOPPEKUUeH Mo
nauueiM - KPHC «HaBcrap», +camonaBenenue (komOunupoBanHass ['CH —
TB/TuB/IIVIC'CH ¢ aBTOMaTH4eckoi cHCTeMO# pacro3HaBanus nenu ATR —
Automatic Target Recognition). Pakera umeer nByxcroporHioto cBsi3b ¢ KII, uro
MIO3BOJISIET KOPPEKTHPOBATh JaHHBIE O IIOJOKEHWHW LEIM U KOPPEKTUPOBATh
Hanpasienne. KBO — 5 M, npu UCnionp30BaHUM CUCTEMBI PACTIO3HABAHUS LIEIEH —
0,5 M, npu HaBeaeHUM NO OTpakEHHOMY JazepHomy aydy — 0,25 m. Ilommmo
PEXKMMOB CAaMOHABEJCHMS PEATM3YETCS PEXKHUM «KOOPIAMHATHOM aTakw» (s
HAHECEHHU yAapOB MO0 MAJIOMNOABMKHBIM 00BbEKTaM C U3BECTHBIMU KOOPJAUHATAMH).
Kommieke moxkeT ocHamaThest paketoir LAM (Loitering Attack Missile —
Oappakupyrolas aTakyoIas pakeTa)

['epMec — KOMIUIEKC yIpaBIsieMOT0 PaKeTHOTO OpPYXHs, pa3padOTaHHbIN B
Konctpykropckom 6Gropo mpubopoctpoenuss (AO KBII um. Axanemuka A.T.

[unynosa) B Tyne WmurocTpupyeT coOOM MpUMEP OTEYECTBEHHOTO MOAXO0Aa K



MOCTPOCHUIO MEKBUIOBOTO KOMILIECKCA.

Kommuieke npeaHa3HaueH JJisl HOPa)KeHUsI OJJUHOYHBIX U TPYIIIOBBIX IIEJIeH
(B TOM 4YHCII€ TAaHKOB, WHXXCHEPHBIX U (HOPTU(DUKAIMOHHBIX COOPYKCHUH,
HAJIBOJHBIX II€JI€ll U HU3KOCKOPOCTHBIX JIETATEJbHBIX amnmnapaToB) OJMHOYHBIM
WM 3aIM0BBIM OTHEM Ha JalbHOCTAX A0 100 KM. ABHAIIMOHHBIA BapUaHT
KOMILIEKCA UMEET JAJIBLHOCTE 10 15-20 xM.

Kowmreke mpucnocoOieH Toa  pa3iuvHble BapHaHThl Oa3upOBaHUS W
MpeACTaBIsAeT co00M yHUMUIIMPOBAHHBIN 00pa3el] BHICOKOTOYHOM pPEaKTUBHOMU
apTUJUJIEPUU JUJTSL BCEX POJIOB BOKCK.

[TpuHIMIIBI pa3pabOTKU:

- yBeIMYECHHAs  JAJbHOCTh  CTPENBOBI  3a  CUeT  INPUMEHEHUS
JBYXCTYIIEHYaTOW OMKaIMOEpHOW YNpaBlIIEeMOW PAKEThl C BBICOKOIHEPTETUUHOU
JIBUTATEJILHOW YCTaHOBKOM;

- YHUBEPCAJIBbHOCTh ACHUCTBUS MO LEJISIM 3a CUET IIPUMEHEHUS Y P ¢ MOIIHOM
OCKOJIOUHO-(hyracHOW O0€BOM 4aCThIO;

- BBICOKMH 00€BOM TOTEHIMAJ 3a CYET OOJBIIOr0o OOCKOMIUICKTA
yIpaBJIsieMbIX PAKET HA HOCUTEIIE;

- BBICOKAas OrHEBas IIPOM3BOJUTEIBHOCTh 3a CYET oOOecredeHus
CBEPX3BYKOBOM CKOPOCTH ITOJIETa PAKET U BO3MOKHOCTH 3aJITIOBON CTPEILOBI,

- aBTOMAaTH3allMs Mpollecca HaBEACHUsI 3a CYET pealu3alvu MPUHIUIIA
«BBICTPEIHII—3a0bLI»;

- MOJYJIBHOCTh TMOCTPOEHHUSI, TO3BOJISIONIAS pa3MeliaTh KOMILUIEKC Ha
Pa3JIMUHBIX TUIIAX HOCUTENCH.

Takum oOpazoM, MexBuaoBble JIA 3aHMMAIOT TAKTUYECKYIO HHUIILY,
KOTOpasi paHee Oblla HexocsAraeMou Jjisi majoradaputTHbIX JIA, MambHOCTH UX
JIEUCTBUS JTOJDKHA cocTaBigTh okoyio 100 kM, a 0oeBble BO3MOXKHOCTH OBITH
JIOCTATOYHBIMH JIJISI IOPAXKEHUST OOJIBIITUHCTBA CYMIECTBYIOMIUX TIEICH.

B nacTosiee Bpemsi B MUpE B KaueCTBE MEPCIIEKTUBHBIX CUCTEM BOCHHOTO U
IPOKIAHCKOTO TPUMEHEHHUS Bce Oojee IMPOKOE BHUMAHHE TIPHBJICKAIOT

oecrnmiioTHbie aBualonHbie cucteMbl (BAC) Gmaronapst pazHooOpa3ui0 TAKTUKO-



TEXHUYECKUX XapaKTEPUCTUK U BO3MOKHOCTSIM PA3HBIX LEIEBBIX HArPY30K.

EcrectBenHo, paszsutne BTO cTumynupoBano pa3BUTHE CpPEIACTB H
crioco00B 3alTUThl U1 O0PHOBI C HUM, HAIIPUMED:

- BBIBEJICHUE U3 CTPOSI HOCUTEIIS YIPABISIEMOTO CPEACTBA IOPAXKEHUS;

- CO3/IaHHME€ CPEJICTB 3alIUThl 00bEKTa («HE JaTh ce0si OOHAPYKUTh, €CIIU
OOHapy>KUJIU - HE JaTh B CeOsl MOMACTh, €CIH MOMAIN - YMEHBIIUTh pa3pylIeHUs,
COXpaHUTh PabOTOCIIOCOOHOCTH U KM3Hb IKUIAXKA (pacuera)y);

- yHHUYTOXXeHHe Ooenpurnaca u mnoacucteM BTO B mo0oit  Touke
HaXOKIEHUS («OKECTKOE NMOPAKEHUER);

- BBIBEICHHE W3 CTPOS WIM HApylIeHHE (PYHKIMOHHPOBaHUA OOpPTOBOM
anmaparypbl yrpasisieMoro Ooempumaca BO3JIEUCTBHEM AJIEKTPOMArHUTHBIM
MIOJIEM WJIM UCIOJIb3YSI BBICOKOIHEPT€TUYECKHE JIA3€Phl;

- HapyuieHue (QYHKIIMOHUPOBAHUS WH(GOPMAIIMOHHBIX KAaHAJIOB CHUCTEMBbI
HaBEICHUS yIpaBIsieMOro Ooemnpunaca ONTUKO-3JIEKTPOHHBIM u
PaZAMOAIEKTPOHHBIM TPOTHUBOJIEUCTBHEM («MATKOE MOPAKEHUE»), MOCTAHOBKOU
IIOMEX;

- CO3IaHUE BOOPYKEHUSI, MO3BOJISIONIETO BBIUTPATh 1y3Jb C TPOTUBHUKOM
(«paHbltie OOHAPYKUIT, IEPBBIM BBICTPEIUII, IEPBBIM TTOPAZHID?).

[Ipumepom cpeactBa 3amutbl 0T BTO MOryT CiayXuTh KOMIUIEKCHI
AKTUBHOM 3alllUThl OPOHETEXHUKH, MPUHIUIT PaOOTHl KOTOPHIX MNPUBEAEH Ha
ciaiiie, a TakKe MPOTUBOPAKETHBIE CHUCTEMBI PA3JIUYHOTO YPOBHS, K MPUMEPY
N3paunnbckas cucrteMa «Keme3Hplil Kynosn»

1.5 Bornpocsl 17151 TeKyIero o0Cy X eH!s Ha 3aHATHH.

[Ipodunbubie npeanpusTis Poccun, MpoayKIus 3TUX TPEAPUSTHH.

N3BecTHBIE pa3pabOTKU NPEaNPUATUN TYJIbCKOW 00JIaCTH.

HNmxeHepHas AesATeIbHOCTD 10 pa3padoTke oopasiioB BTO.

O6mactT  Hay4YHBIX 3HAHHWM, HEOOXOJUMBIC JJIi  OCYIIECTBICHUS

WHXXEeHEepHOU nesitenbHocTy B chepe BTO.

CucrteMbl ynpaBieHUs JIETaTEIbHBIMU amnmnapaTaM, MPUMEHUTEIBHO K

Ppa3IMYHBIM MHXKCHCPHBIM 3aavdaM.






[TPAKTUYECKOE 3AHATUE Ne2

IHPOI'PAMMHOE OBECIIEYEHUE, MHWCHOJIB3YEMOE JJIA
AHAJINBA U CHHTE3A CHUCTEM VYIHPABJIEHUS. INOHATHUE
MOJEJUPOBAHUSI, TPUMEHEHUE CKBO3HBIX TEXHOJIOTIU
ITPU PASPABOTKE JIA.

1.1Cucrema MathCAD

Mathcad — »3T0 mnpunoxkeHHe IS MaTeMaTHUYECKUX ¥ WHKEHEPHBIX
BBIUMCJICHUM, IPOMBIIUICHHBI CTaHJApT MPOBEICHUS, pPaCHpOCTPAHEHUS WU
xpaHeHus pacueroB. Mathcad — npoaykr xkomnanun PTC — mMupoBoro nmaepa
pa3zpabotku cuctem CAIIP, PDM u PLM. Mathcad sBnsercsa yHuBepcaibHOM
CUCTEMOH, T.€. MOYKET HCIIOJIb30BaThCs B JIOOOM 00JacTH HayKM M TEXHUKU —
BE€3J1€, I/I€ MPUMEHSIOTCS MaTEMAaTUYECKUE METO/BI.

JokymenTsl Mathcad mpencraBnsitoT pacdersl B BHUJE, OUYE€Hb OJU3KOM K
CTaHJAAPTHOMY MAaTEMaTUYECKOMY SI3bIKY, YTO YIIPOILAET IIOCTAHOBKY M PEILECHUE
3amay. Mathcad comepUT TEKCTOBBIM M (POPMYNIBbHBIA PEAAKTOP, BBHIYMCIUTEND,
CpeICTBa HAayyHOM M AENOBOM rpauky, a TaKKe OrpOMHYIO0 0a3y CIpaBOYHOM
nHpopMalu, Kak MaTeMaTUYeCKOM, TaKk U WHXXEHEepHOW. Pemaktop dopmyn
o0ecreynBaeT €CTECTBEHHBI «MHOTOATaXHBIN» HA00p (QopMysl B NPHUBBIYHON
MaTeMaTHUYeCKON HOTaluu (IeJIeHre, YMHOKEHUE, KBaJJpaTHbIN KOpeHb, HHTErpall,
CyMMa M T.J.). MolllHbIE CpeCTBA MOCTPOCHUS TpaUKOB U AUATPaAMM COYETAIOT
MPOCTOTY HCIONB30BaHUA U H(P(PEKTHBIE CIMOCOObI BU3YyaIW3allMM JAHHBIX U
MOJATOTOBKU OTYETOB.

Brruucnurenshsie cpeactBa Mathcad oOGecrieunBaroT pacyeThl MO CJIOKHBIM
MaTeMaTH4ecKuM (GopMyJsiaM, BKJIHOYAsl YHCIEHHBIE METOJbl M aHAJIUTUYECKUE
npeoOpazoBanud. Mathcad numeer 0osbiI0il HAOOP BCTPOEHHBIX MAaTEMATUYECKHUX
(GYHKIUI, TMO3BOJSET BBIYUCIATH PSAbI, CYMMbI, TNPOU3BEICHUS, HMHTErpajbl,
IPOU3BOAHBIE, pabOTaTh C KOMIUIEKCHBIMH YHCJIaMH, pellaTh JHUHEWHbIE U
HEJIMHEHbIE ypaBHEHMs, a Takke Oud@epeHlralbHbIe YpaBHEHUS U CHUCTEMBI,

IIPpOBOJWUTh MMHUMH3AIINIO 1 MAKCUMH3AIIHNIO (I)YHKL[HI;’I, BBIIIOJIHATE BCKTOPHBIC U



MaTpUYHbIE ONEPALMH, CTATUCTUYECKHM aHAJIU3 U T.1. ABTOMAaTHYECKH BEHETCS
KOHTPOJIb pa3MEPHOCTEN U mepecd€T B pasHbix cuctemax usmepenus (CU, CI'C u
Jp.).

1.2 Cucrema Matlab

MATLAB (cokpamenue ot anria. «Matrix Laboratory», B pyccKoM si3bIKE
MIPOM3HOCUTCS Kak Matnab) — makeT MPUKJIaIHBIX IPOTpaMM IS pelIeHUs 3a1a4
TEXHUYECKUX BBIUMCICHUMN.

MATLAB — 5T0 BBICOKOYPOBHEBBIM $I3bIK M MHTEPAKTHBHAs cpeaa s
IPOrpaMMHUPOBAHMS, YHCIEHHBIX pAcyeTOB M BHU3yalHM3aluuud pe3yabratoB. C
nomoibio MATLAB MOXHO aHAJIM3UPOBATH JJAHHBIE, pa3pa0daThIBaTh aITOPUTMBI,
CO37aBaTh MOJIEIIN U IIPUIIOKCHHUS.

S3bIK, WHCTPYMEHTApui W BCTPOCHHBIE MaTeMaTHYeCKue (OYHKIHH
MO3BOJISIIOT BaM MCCJIEI0BATh PA3IMYHBIE MTOIXO/IbI U MOJIyYaTh pelleHue ObICTpeEe,
4YeM C HCHOJb30BAaHUEM OJIIEKTPOHHBIX TAaOJUI WIM TPAJAULHUOHHBIX S3BIKOB
nporpaMmmupoBanus, Takux kak C/C++ unm Java.

MATLAB mupoko UCTionb3yeTcsi B TAKMX 00JIaCTAX, KaK:

— 00paboTKa CUTHAJIOB U CBS3b,

— 00paboTka U300paKeHUI U BUJIEO,

— CHUCTEMBI YIIPABJICHMUS,

— aBTOMAaTH3alus TECTUPOBAHUS U U3MEPEHUH,
— (pPUHAHCOBBIN MHKUHUPUHT,

— BBIYMCTUTENbHAS OMONOTHUS U T.1.

MATLAB 1o cpaBHEHHIO C TPAAULUMOHHBIMU S3bIKAMH ITPOTPAMMUPOBAHUS
(C/C++, Java, Pascal, FORTRAN) mno3BojisieT Ha TOPSIOK COKPATHTh BpEeMs
pEelIeHUs] THUIIOBBIX 3aJad W 3HAYUTENIbHO YIPOIAET pa3pabOTKy HOBBIX
aJITOPUTMOB.

SAnpo MATLAB no3BosisieT MakCUMaJIbHO MPOCTO paboTaTh ¢ MaTPHUIIAMHU
peabHbIX, KOMIUIEKCHBIX M aHAJUTHYECKUX THUIIOB JAHHBIX U CO CTPYKTypaMu
JTAHHBIX U TAaOJIMIIaMU TTOUCKA.

MATLAB conepxut Bctpoennble pynkunu suneiinon anredpsl (LAPACK,



BLAS), 6sictporo npeoOpazoBanust ®ypse (FFTW), pynkumu nuas paGoTsl ¢
noJimHOMaMu, (QyHKIHH 0a30BOM  CTATUCTUKA W YHUCJICHHOTO  PEIICHHS
muddepeHnanbHbIX YpaBHEHU; paclIMpeHHbIe MaTeMaTH4eckue OuOIMOoTeKU
s Intel MKL.

MATLAB mnpenocTaBis€T MHOXKECTBO METOAOB [JId aHajdu3a JaHHBIX,
pa3paboTKH aJropuTMOB U co3nanus moaenei. SA3sik MATLAB BritogaeT B cebs
MaTeMaThdeckue (HYHKIUH I HHKCHEPHBIX U HAYYHBIX oreparuii. BctpoeHHbIe
MaTeMaThyeckue  (PYHKIUU  HKCIOJB3YIOT  IPOILECCOP-ONTUMH3UPOBAHHBIC
OMOJMOTEeKH, TMpPEIHA3HAYCHHbIC JJISI YCKOPEHUS BEKTOPHBIX U MaTPUYHBIX
BBIYHCIICHUMN.

JIOCTYIIHBI CIIEYOLIUE ONEpaLlUN:

— HuTepnionsuus u perpeccust

— JuddepenurpoBanre u uHTErpupOBaHUE

— CucTeMsbl JIMHENHBIX YPaBHEHUN

— @ypre a”Hanu3

— CoOCTBEeHHBIC 3HAYEHUSI U CUHTYJISIPHBIE YHCJIa MaTPUI]

— OObIkHOBEHHbIE AU((epeHInaIbHbIe YpaBHEHUS

— Pa3pexeHHbIe MaTPULBI

Pacmmpenus MATLAB IIPEIOCTABIISAIOT CIIELIMAJIN3UPOBAHHBIN
GbyHKIIMOHAT B TaKUX OO0JAcTIX KakK CTaTUCTHKA, ONTUMU3aIMs, oOpaboTka
CUTHAJIOB, MAIlTMHHOE 00YyUYEHHUE.

AHaINM3 ¥ BU3yaJIN3alusl TaHHBIX

MATLAB npenocraBisieT WHCTPYMEHTBI Uil IIOJYyYEHMS, aHaINA3a U
BU3YyaJIM3allMM JIaHHBIX, MTO3BOJISIONINE UCCIIEA0BATh MPOOIeMy ObICTpEe, YeM ITO
BO3MOXKHO C TIOMOIIBIO JJIEKTPOHHBIX TaONMIl WM TPAAUIIMOHHBIX S3BIKOB
pOrpaMMHUPOBAHUSI.

MATLAB mno3Bosisier BaM Mmojy4yaTh AOCTYH K JaHHBIM U3 (ailyioB, IPyrux
MPUJIOKEHUH, 0a3 JaHHBIX, BHEIIHUX YCTPOMCTB. BbI MOXKeTe uuTaTh JaHHbBIC U3
¢daitioB Takux monyiaspHeIX (popmatoB kak Microsoft Excel, TekcToBbIX wuiu

JTBOUYHBIX (pailioB, M300pKEHUI, ay/Iu0 W BHUIEO (ailiioB, HAYYHBIX (POpPMATOB



(netCDF u HDF). ®ynkunu BBoJa-BbIBOJA IMO3BOJSIOT paboTaTh ¢ (aitnamu
JAHHBIX JTIOOBIX (HOPMATOB.

Ucnonwiys pacmmpenuss MATLAB M0HO MoJy4aTh JaHHBIE C Pa3JIMYHBIX
YCTPOMCTB, TAKMX KaK ITOCJIEA0BATEIbHBIN TOPT KOMITBIOTEPA WJIM 3BYKOBAas Kapra,
a TaK)K€ IMOTOKOBBIE JAHHBIE B PEaJbHOM BPEMEHU C U3MEPUTEIBHBIX YCTPOWCTB
HenocpeacTBeHHO B MATLAB nng ananu3a u Buzyanu3anuu. [loMmuMo TOTO, BBI
MOJKETE YIpaBIATh TaKUMU NpuOOpaMu, Kak OCIHHIIOrpadsl, aHaIM3aTOPHI
CUTHAJIOB U T€HEpaTOphl KoebaHuil criennaibHON (OPMBI.

MATLAB mno3BojsieT ympaBisiTh, (UIBTPOBATH M OCYIIECTBISATH
IpeIBapUTEIbHYI0 00pabOTKY JaHHBIX. BBl MoOXeTe uccieqoBaTh AaHHBIE IS
HaXO0JICHUA TPEH OB, IIPOBEPKU TUIIOTE3, IOCTPOCHUS ONUCATENBHBIX MOoJenen. B
MATLAB BxmtoueHsl GyHKUMH Ui (DUIABTpAIMM, CIVIAKUBAHUS, CBEPTKU U
obicTporo mpeoOpazoBanusi dypne (FFT). IlpoaykTei-pacuiupeHuss BKIIOYAOT
BO3MOXKHOCTH MOA0Opa KPUBBIX M IOBEPXHOCTEW, MHOTOMEPHOM CTAaTUCTHKH,
CHEKTPAJIbHOIO aHaIN3a, aHaldu3a HW300paKeHUH, WACHTHU(PUKALMH CHUCTEM U
JIpYrue MHCTPYMEHTHI aHAJIA3a.

MATLAB npenocraBnsieT Ha0Op BCTPOEHHBIX (QPYHKIUH mocTpoeHus 2D u
3D rpaduxoB, a Takke (QyHKIMU OOBEMHOW BHU3yanu3aluu. Bbl MoxkeTe
UCIOJIBb30BaTh 3TU (YHKIMH JUIsl BU3YyalU3allMd U KaK CPEICTBO INPEACTaBICHUS
oOpabarbiBaemoid  uHPopMauuu. ['paguku Moryr OBITH  CO3J@HBI  Kak
WHTEPaKTUBHO, TaK U IPOrPAMMHO.

SA3pik  MATLAB wu3HauanbHO o0O0OJagaeT NOAJEPKKOM BEKTOPHBIX U
MaTpPUYHBIX OIEpanui, KOTopas HeoOXoauma [JIsl PELICHUS WHXKEHEPHBIX U
HAy4yHBIX 3aja4, ¥ NpeAHa3HaueHa JJi ObICTPOM pa3pabOTKH U 3aIrycKa.

C nomompto s3pika MATLAB M0XHO mucaTth mporpaMMbl U alTrOPUTMBL
ObICTpee, YeM Ha TPaJWLMOHHBIX SI3bIKaX MPOTPAMMMPOBAHMS, MOTOMY YTO HET
HEOOXOJMMOCTH TaKUX HHU3KOYPOBHEBBIX OpPraHU3al[MOHHBIX OIepanuil Kak
0OBsIBIICHHUE TIEPEMEHHBIX, ONPEIeJICHNE TUIIOB U BbIJIeJIeHUE NamMsaTu. Bo MHOTHX
cllydyasx TIIepexojJ Ha BEKTOPHbIE W MAaTpUYHbIE ONepanuu u30aBiIseT OT

HEOOXOAMMOCTH UCIONb30BaHusl 1uKIOB for. B pe3ynbrare oaHa cTpoka



MATLAB koma 4acTo MOXET 3aMEHUTH HECKOJbKO cTpok C/C++ kona.

MATLAB obmamaet CBOMCTBaMU TPaAULIUOHHBIX SI3BIKOB
IpOrpaMMUPOBAHMS, BKIIOYAsl YIPABJICHHE MOTOKAMHU JIAHHBIX, 00paboOTKy
omurOOK W O00BEKTHO-OpHeHTHpoBaHHOE mporpammupoBanue (OOII). MoxHo
UCIIOJIb30BaTh OCHOBHBIE THIBI JAHHBIX, CIJIOKHBIE CTPYKTYpbl [IaHHBIX WIIU
ONPENIENATh NOJIb30BATEIBCKUE TUIIBI.

Pacimmmpenuss MATLAB uMeroT BCTpOCHHBIE aJITOPUTMBI i 00pabOTKU
CUTHAJIOB U CBSI3U, 00paOOTKU M300paKeHUN U BUICOJaHHBIX, CUCTEM YIPABICHUS
Y MHOTHX JPYTHX 00JacTen.

1.3 Cucrema SiminTech

SimInTech (Simulation In Technic) — cpena pa3paboTKu MaTeMaTHYECKHX
MOJIeJIEH, alTOPUTMOB YIIPABJICHUS, MHTEPPEHCOB yIIpaBICHHUS U AaBTOMATHYECKON
reHepalud Koja Il KOHTPOJUIEPOB YIpaBiICHUS M TIpapUUECKUX TUCIIIICEB.
SimInTech npennazHadueH [ JETadbHOTO  HCCICIOBAaHWS W aHalW3a
HECTAallMOHAPHBIX MPOLECCOB B pa3IMYHBIX O00BEKTax ympasieHus. Pa3paboTka
MaTeMaTUYeCKUX MOJesel u anroputMoB yrnpasienus B SimInTech npoucxoaut B
BUJIE  CTPYKTYPHOTO  MPOEKTUPOBAHUS  JIOTUKO-JUHAMHUYECKHUX  CHCTEM,
OTMHMCHIBAEMBIX BO BXOJI0-BBIXOJHBIX OTHOIICHHSX, B BUJE CUCTEM OOBIKHOBEHHBIX
muddepeHnnanbHbIX  ypaBHeHHN w/unu  auddepeHnmnanbHo-aare0panaeckux
YPaBHEHUN.

1.4 IlonsiTHE MOJETUPOBAHUS.

Maremartnueckas MO/IEJIb OMKCHIBACTCA (npencraBiusieTcs)
MaTeMaTHYECKUMU CTPYKTypaMu, MaTEMaTUYEeCKHUM amnmnapaTtoMm (4yucia, OYKBHI,
reoMeTpuyeckrue o0paspl, OTHOIICHHUS, alNreOpandeckue CTpyKTyphl U T.11.).

VY MareMaTthyeckux MoOAENIed €CTh U JUIAKTHUYECKHE aCHeKThl - pa3BUTHE
MOJIEIBHOTO M MaTEeMaTUYECKOTO CTWJISI MBIIUIEHHUS, MO3BOJSIONIETO0 BHUKATH B
CTPYKTYpPY ¥ BHYTPEHHIOIO JIOTUKY MOJAECIHUPYEMON CUCTEMBI.

OTMeTMM  OCHOBHbIE  omepauuud  (IpoueAypbl)  MaTEeMaTUYECKOIo
MOJETUPOBAHUSI.

1. JIuneapuzanus. [lycte nana marematudeckas moaenbr M=M(X, Y, A),



rae X - MHOXKECTBO BXOJIOB, Y - MHOXKECTBO BBIXOJOB, A - MHOXXECTBO COCTOSHUM
cuctemMbl. CxeMaTu4ecku MOXKHO 3TO m300pasuth Tak: XAY. Ecmm X, Y, A -
JMHENHBIE TPOCTpPaHCTBa (MHOXKECTBA), a : XA, : AY - nuHeiHbIe onepaTopsl (T.€.
mo0ble  JTUHEHHBIE KOMOWHAIMM ax+by apryMeHTOB H TMpeolOpasyloT B
COOTBETCTBYIOIIHME JUHEHHBIC KoMOUHamu a(x)+bi;(y) u a(x)+b(y)), To cucrema
(Monenn) Ha3bIBaeTcs JIMHEWHOU. Bee apyrue cuctemsl (MOJenu) - HEIUMHEHHBIE.
OHu TpyJHEe MOAIAI0TCA UCCIEAOBAHUIO, XOTS U OoJiee akTyanbHbl. HenuHelinbie
MOJEIN MEHEE M3YyYEHBI, I0ATOMY MX YaCTO JIMHEAPU3YIOT - CBOJASAT K JIMHEUHBIM
MOJAEISAM  KakuM-TO  00pa3oM, KaKOW-TO KOPPEKTHOW  JIMHEApU3YIoIeh
MPOLETYPOH.

2. Unentudukanus. [Iycte M=M(X, Y, A), A={ai}, ai=(ail, ai2, ..., aik) -
BEKTOp COCTOSHMSI OOBEKTa (cucTteMbl). Ecim BEKTOp ai 3aBUCHUT OT HEKOTOPBIX
HEU3BECTHBIX IMapaMeTpPoB, TO 3ajadya HACHTUPHUKAUUU (MOJEIH, MapaMeTpoB
MOJIEJIM) COCTOUT B OMNPEICICHUM IO HEKOTOPHIM JIOMOJHUTEIBHBIM YCIOBHSIM,
HafpuMep, OJKCIEPUMEHTAIbHBIM JIaHHBIM, XapaKTEpU3YIOUIUM COCTOSTHUE,
CUCTEMBI B HEKOTOpbIX ciyyasx. Wnentuduxamus - 3amada MOCTPOCHUS TIO
pe3yapTaraM HaOMIOJCHUN MaTeMaTUYECKUX MOJeJied HEKOTOpOro THIIA,
a7IcKBaTHO OIMCHIBAIOIIUX ToBeaeHue cuctembl. Ecom S={sl, s2, ..., sn} -
HEKOTOpasi TOCIEOBATEIbHOCTh COOOIEHUN, TMOJy4aeMbIX OT HCTOYHHKA
uHopmaruu o cucreme, M={ml, m2, ..., mz} - mociaeg0BaTEILHOCTb MOJCIIEH,
OMMCHIBAOIINX S, CPeaud KOTOPHIX, BO3MOXKHO, COJIEPKUTCA ONTHMalbHas (B
KaKOM-TO CMBbICII€) MOJieNb, TO wuAeHTU(dUKauus Mojaeau M o3Hadaer, 4TO
MOCJIEA0BATEIBLHOCTh S MO3BOJISIET pa3yinyath (M0 paccCMaTpUBAEMOMY KPUTEPUIO
aJIeKBaTHOCTH) JIBe pa3Hblie Mojenu B M. IlocnmemoBaTenbHOCTH COOOIICHHIMA
(maHHBIX) S HazoBeM MH(GOPMATHBHOM, €CIM OHA IMO3BOJSET pa3auyarTbh pa3HbIE
Monenu B M. llenp wmaeHTHUKAIMU - TOCTPOCHHE HAJCKHOM, aJICKBaTHOM,
b exTuBHO (DYHKIMOHUPYIOIMICH THOKOW MOJIeIM Ha OCHOBE MHUHHMMAJIBHOTO
oO0bemMa MH(GOPMATUBHOM TOCIENOBATEILHOCTH cooOuieHuit. Haunbonee wyacto
WCIIOJIb3yeMbIe METOJbI HJICHTU(UKAIMK cUCTeM (MapaMeTPOB CHUCTEM): METOJ]

HAaMMCHBIIUX KBaApaTOB, MCTOA MAKCHUMAJIBHOTI'O HpaB)IOHOJIO6I/I$I, METOI



0alleCOBCKMX OLIEHOK, METOJ MApKOBCKMX LIEMHBIX OLIEHOK, METOJ 3BPHCTHK,
HKCIIEPTHOE OLIEHUBAHUE U JIPYTHE.

3. OueHka aIekBaTHOCTHU (TOYHOCTH ) MOJICIIH.

4. OneHka 4yBCTBUTEJIBHOCTH MOJIeNM (YYBCTBUTEIBHOCTH K W3MEHEHUSIM
BXOJIHBIX ITAPAMETPOB).

5. DBbluHCIUTENBHBIA HKCOEPUMEHT MO MOJEIU. ITO IKCIIEPUMEHT,
OCYHLIECTBJISIEMBIII C MOMONIIbI0 MoAenun Ha OBM ¢ uenwlo pacnpeneneHus,
MIPOTHO3a TE€X WM UHBIX COCTOSHUI CHCTEMBI, PEAKIIMU Ha T€ WJIU UHBIE BXOJHBIE
curHaisl. [Ipubopom sKcrieprMenTa 3/1eCh ABIAETCS KOMITbIOTEp (M Moenb!). D10
IPOLIETypa YACTO OTOXKIECTBISAECTCA C KOMIIBIOTEPHBIM MOJAECIIUPOBAHUEM.

OTMeTMM  OCHOBHBIE  NIPUYHUHBI, HECKOJBKO  TOPMO3SIINE  BBIXOJ
MaTEMaTUYECKOro MOJICIMPOBAHUS HA HOBbIE HH(POPMALIMOHHBIE TEXHOJIOTHH:

TPAAULIMOHHOE ONKMCAHUE MOJIECIIM CUCTEMaMU MaT€MAaTUYECKUX YPAaBHEHUM,
COOTHOIIICHH; B TO K€ BpeMs, OOJIBITUHCTBO TJIOXO0 CTPYKTYPUPOBAHHBIX U IIJIOXO
bopMalI3yeMbIX CHUCTEM ONUCHIBAIOTCA C TIOMOLIBIO SKCHEPTHBIX JaHHBIX,
ABPUCTUYECKUX W HMHUTALUOHHBIX MPOUEAYpP, HWHTETPUPOBAHHBIX IIaKETOB
nporpamm, rpapuyeckux o0pa3oB U T.J1.;

CylecTByIOIME CPEICTBA ONMKMCAHUS M TpeAcTaBieHue mojeneii Ha 9BM
HE YYHUTHIBAIOT CHEIMU(UKY MOJCIUPOBAHUSA, HET E€IWHOTO TPECTaBICHUS
MoOJiesiel, TeHepalli HOBBIX MOJIeliel 1o OaHKy MOJIeeH;

HE/I00IIEHKa BO3MOXKHOCTEN KOMITbIOTEpA, KOTOPBIA MOXKET JieaTh OoJblIe,
YeM MpocTas peajau3alus allfOpUTMa, KaK MPaBUJIO, CTPYKTYPUPYEMOIO H/WIU
pean3yeMoro Xopouo, OTCYyTCTBUE JOCTYNA K ONBITY MoAeIMpoBanus Ha DBM.

B 06a3oBoii marepke: "cucrema (ucciemyemasi cpeia) - Mojelb (OmHcaHue
cpelbl) - anroputMm (TporpaMma) - KOMIIBIOTEp (KOMIBIOTEpHAasi TEXHOJIOTHS) -
MOJIb30BaTENh (BBIpAOOTKA pemieHus)" Mpu KOMITBIOTEPHOM MOJIEIUPOBAHUU
[JIABHYIO POJIb UTPAIOT YK€ aIrOpuT™M (IporpamMma), KOMOBIOTEP U TEXHOJOTHS,
TOYHEE, WHCTPYMEHTAJIbHBIE CHUCTEMBbl [IJII KOMIIBIOTEpPA, KOMIILIOTEPHbIC
TEXHOJIOTHUHU.

MOI[@J'IB HC OKBHUBAJICHTHA IIpOorpaMme, a MOACIMPOBAHUC HE CBOJUTCA K



MIPOrPAMMHPOBAHUIO.

Crnenududeckue onepanyud MaTeMaTHYECKOTO MOJIECIMPOBAHUS, HAIPUMED,
uaeHTruGuKanys, JuHeapu3amnus He cBoAsaTca B DBM k mpeoOpa3oBaHuio B Hel
nporpamm. Pacmmpsiercs u 061acTh TPUMEHEHUS KOMIThIOTEPA M KOMITBIOTEPHBIX
MOJIEJIEH.

OcHoBHBIC (PYHKIIMHM KOMITbIOTEpA IIPU MOJICIIMPOBAHUHU CUCTEM:

— MWCIIOJJHEHWE POJIM BCIOMOTAaTEIbHOTO CPEACTBA ISl PELICHUs 3aaad,
JOCTYIIHBIX ® 111 OOBIYHBIX  BBIYUCIWUTEIBHBIX CPEACTB, aJITOPUTMaM,
TEXHOJIOTHSIM;

— WCIIOJIHEHHWE POJIM CPEACTBA MOCTAHOBKM M PEIICHWS HOBBIX 3a7ady, HE
pEIIaeMbIX TPAAUIUOHHBIMU CPEACTBAMH, AIITOPUTMAMHU, TEXHOJIOTUAMU;

— HCIIOJIHCHHUC pojiun CpcacTBa KOHCTPYHPOBAHUA KOMIIBIOTCPHBIX

oOyJarommux W MOACTUPYIOMMX cped Tuma: "oOydaeMbli - KOMIBIOTEpD -
oOyuvaromuit", "oOywarommii - KoMIblOTep - oOydaeMbii", "oOywaromui -
KOMITBIOTEp - Tpynmna oOydaeMbix", "rpynma oOy4aeMbIX - KOMIIBIOTEpP -

oOyuaronuil", "KoMnbroTep - 00y4aeMblil - KoMmboTep";

— HCHOJIHEHHE POJU CPEACTBA MOAECIUPOBAHUS [JISl MOJYYEHUS HOBBIX
3HAHUU;

— UCIHOJHEHWE poin "oOyueHua" HOBBIX Mojeneil (camooOydeHue
MOJISTIN).

KomneroTepHoe MoaenupoBaHue - OCHOBa IpeAcTaBiieHUs 3HaHui B OBM
(moctpoenust paznuyHbIX 0a3 3HaHuil). KommberoTepHoe MoaenvpoBaHUE ISt
pPOXJIeHUsT HOBOM WH(MOPMAIMU HCIOIB3YyEeT 00y HHGOPMAIINIO, KOTOPYIO
MOXHO aKTyaJau3upoBaTh ¢ nomoinbio I9BM. IIporpecc monenupoBanus CBA3aH C
pa3pabOTKOW CUCTEM KOMIBIOTEPHOTO MOJIETUPOBAHMS, KOTOPBIE MOANECPKUBAET
BECh JKU3HEHHBIA IUKJI MOJIEIH, a MPOTpecc B WHOOPMAITMOHHONW TEXHOJIOTHH - C
aKTyaJM3aluend OmbITa MOJEIMPOBAHUS Ha KOMIIBIOTEpE, C CO3JIlaHMEeM OaHKOB
MoOJieJield, METOJIOB M MPOrPAMMHBIX CHCTEM, MO3BOJSIOIIMX COOUPATh HOBBIE
MOJIEIN U3 Mojenei 6aHka. ABTOHOMHBIE IMOAMOENIN MOJEIH OOMEHHBAIOTCS

uH(popmaluen Ipyr ¢ APyroMm yepe3 eIuHyl0 HHPOPMAIMOHHYIO MIMHY - OaHK



Mojieseil, uepe3 6a3y 3HaHHM M0 KOMIBIOTEPHOMY MOJeIupoBaHuio. OCOOEHHOCTh
KOMITBIOTEPHBIX CHCTEM MOJEIMPOBAaHUSA - MX BBICOKas HWHTErpanus U
WHTEPAKTUBHOCTh. YacTO 3TH KOMIBIOTEPHBIE CPebl (PYHKIITMOHUPYIOT B PEXKUME
peanbHOrO BPEMEHH.

BplunCIUTENBHBIA ~ DKCOEPUMEHT -  PA3HOBUIHOCTH  KOMIIBIOTEPHOIO
MOJETUPOBAHUS.

MOXHO TOBOPUTH c€lYac M O CHEUUaJbHBIX NAKEeTax MPUKIAIHBIX
porpamMM, TEKCTOBBIX, IPaUYECKUX U TAOJIMUYHBIX MPOIECCOPOB, BU3YaAIbHBIX U
KOTHUTUBHBIX cpefax (0coOeHHO, padOTaIIIUX B PEKHUME PeajbHOrO0 BPEMEHH),
MO3BOJISIOLIUX OCYIIECTBIATh KOMIIBIOTEPHOE MOJEIUPOBAHUE.

KoMIbroTEpHOE ~ MOJEIMPOBAHME W BBIYMCIUTENBHBIA  OKCHEPUMEHT
CTAHOBSITCSI HOBBIM HMHCTPYMEHTOM, METOJOM HAyYHOIO TIO3HAHUS, HOBOWM
TEXHOJOTMEeH H3-3a BO3pAcTaroLIeil HEOOXOAUMOCTH MepexoAa OT HCCIEAOBAHUS
JUHEMHBIX MAaTEMaTUUYECKUX MOJENEN CUCTEM (JJI1 KOTOPBIX JOCTaTOYHO XOPOILIO
M3BECTHBI WM pPa3pad0TaHbl METOJbl MCCIEJIOBAHMS, TEOPUs) K HCCIEIOBAHUIO
CIIOHBIX W HEJIMHEWHBIX MaTEeMaTHYECKUX MOJeleil cucteM (aHaju3 KOTOPbIX
ropasjio cjioxHee); rpy0o, HO 00pa3HO, TOBOpA: "HAIIM 3HAHUS 00 OKpY’KarolleM
MHUpE - JMHEHHbl U JETEPMUHUPOBAHBI, a MPOILIECCHl B OKPYKAIOIIEM MUPE -
HEJIMHEWHBI U CTOXACTUYHBI'".

1.5 CkBO3HbBIE TEXHOJIOTHH.

K CKBO3HBIM POCCHICKOE MTPAaBUTEIBCTBO OTHECIIO: KBAHTOBBIE TEXHOJIOTHH,
HEHPOTEXHOJIOTMM M MCKYCCTBEHHBI WHTEIEKT, TEXHOJIOTMH OeCcpOBOAHON
CBS3M, OJIOKYEHH, KOMIOHEHTbI POOOTOTEXHUKH M  CEHCOPUKH, HOBBIC

IMPONU3BOACTBCHHBIC TCXHOJIOI'MHU, BUPTYAJIIbHYIO U JOIIOJIHCHHYIO PCAJIbHOCTD.



[TPAKTUYECKOE 3AHATUE Ne3

HUPPOBBIE JIBOMHUKHU. MATEMATHUYECKOE
MOJAEJIUPOBAHUE KAK TEOPETUYECKAS OCHOBA PAZPABOTKH
N UCCIIEAJOBAHUSA CUCTEM YIIPABJIEHUS JIA.

1.1 Ilonsitue «udpoBoii ABOMTHUK.

Hudporoit aBoitHUK (WM «UUPPOBOM OJM3HEI», €ClIu OYKBaJbHO
MEepPEeBOJIUTh aHIVIMMCKOe clioBocodeTanue digital twin) — 95TO BUPTYalbHBIN
aHaJIOT PeabHOTO 00BEKTa, KOMIBIOTEPHAS MOJEINb, KOTOPas B CBOMX KIIIOYEBBIX
XapaKTepUCTUKAX TyOIUPYET €ro U CrocoOHa BOCIIPOU3BOIUTh €r0 COCTOSIHUS MPU
pa3HBIX YCIOBHSIX.

Hcnonp3oBanne  1IHUQPPOBBIX  TEXHOJOTUW  IMO3BOJSET  CYIIECTBEHHO
COKpAaTUTh BpeMs, 3aTpayrMBaeMO€ Ha IMOATOTOBKY IPOU3BOJACTBA MPU CO3JAaHUU
HOBOW TEXHHKH, MPOBEACHWE HWCIBITAHWHA, JAaeT 3HAYUTCIBHBIA BBIUTPHIIT TIPH
nanpHeime monepumuzanuu JIA. Ha stanme mpoektupoBanus nudpoBas KOMUs
MO3BOJISIET OBICTPO HAXOAUTh M WCIPABIATH OMMOKH B TEOMETPUHU JACTANICH, a B
XO0JIe AKCIUTyaTallii BUPTyalbHas Tpadudeckas cpena IMOMOTaeT OMepaTUBHO
BBISIBJIITH PUCKU MOTEHIIMATBHBIX HEHUCTIPABHOCTEH M aBapuii, a TaK)Ke COKpaIaTh

3aTpaThl Ha 00CITY)KMBaHUE.

1.2 MaremaTu4eckoe MOJeJTHPOBAHME KAaK TeOpeTHYeCKash OCHOBA
pa3padoTKM U UCCJIeI0BAHUS CUCTEM yrpaBJjeHnust JIA

MopgenupoBaHue CHUCTEM YIPABICHUS JIETATEIbHBIMU ammaparaMud B
HACTOSIEE BpeMs SIBISIETCS 00s3aTEIbHBIM 3TAalOM MPOEKTUPOBAHUS, pa3pabOTKH
W HWCTBITAaHUWA. OTO OOYCIOBIEHO ClEAYIOMmUM. BoO-TIEpBBIX, B CHIY
UCKJIIOYUTENIBHOU CIOKHOCTU CY MX aHAIUTHUYECKUN PacyeT BO3MOKEH TOJIBKO B
OYCHb OTPAHMYCHHBIX IMpeJesax, U MOJCIUPOBAHUE SIBISETCS €IUHCTBECHHBIM

CpCACTBOM aHaJIM3a U CHUHTC3a. BO-BTOpBIX, OHO ITO3BOJIACT IIPOBOAUTL U OLICHUTD



PE3yJbTaThI, I10JYy4aeMbl€ B PEAJIBHBIX YCIOBUSAX, IIyTEM MHOTOKPATHOW IIPOBEPKH
Ha MOJIEJIH C BKJIIFOYEHUEM PEAIbHOM aIlnaparypsl.

MopenupoBaHue 3aKJIIOYacTCA B 3aMEHE MCXOIHBIX CHUCTEM WU SBICHUU
(OpurHHaJIOB) JPYTMMU CUCTEMAMU WM SIBICHUSMH, HA3bIBAEMBIMU MOJEISMU,
KOTOPBIE B TOW WJIA UHOU MEPE BOCIIPOU3BOIAT CBOMCTBA OPUTHHAIIA.

MaremaTu4eckoe MOJIEIUPOBAHUE — 3TO 3HAKOBOE MOJIEIUPOBAHUE, IpU
KOTOPOM OINKCaHHWE OOBEKTa OCYLIECTBIACTCS Ha S3bIKE MaTeMaTHKH, a
UCCIICOBAHUS MOJEIU IIPOBOAATCA C HCIOJB30BAHMEM TE€X WM WHBIX
MaTeMaTHYECKUX METOJIOB.

B Hacrosiee BpeMsi 3T0 OJJUH U3 CaMbIX pe3yJIbTaTUBHBIX U HAMOOJIEE YacTO
IIPUMEHSIEMBIX METOJIOB HAYYHOI'O II03HAHUS.

[IpenmyimecTBaMu MaTeMaTHYECKOTO MOJEIUPOBAHUSA [0 CPAaBHEHHUIO C
IPYTUMU BUJAMUA MOJEIUPOBAHUS SBIISIOTCH:

- 5KOHOMHUYHOCTb, COEpEKEHNUE PECYPCOB PEATILHON CUCTEMBI;

- BO3MOXXHOCTb MOJEIUPOBAHUS TUIIOTETUYECKUX, T.€. HE

peaIn30BaHHBIX B IPUPOJI€ OOBEKTOB U CUCTEM;

- BO3MO>KHOCTh peanu3anuu PEXKUMOB, ONIACHBIX 1581071
TPYZAHOBOCIPOU3BOJUMBIX B PEAIIbHOCTH;

- BO3MOKHOCTh U3MEHEHUS MacliTaba BpeMEHH;

- YHUBEPCAIBHOCTh TEXHUUYECKOI0 U MPOrpaMMHOI0 00E€CTIeUeHHUsI, HaTu4ne
NAKETOB MPUKIIAIHBIX IPOTrPAMM JUIsI IPOBEIEHUS IIMPOKOTO Kpyra padoT;

- BO3MOKHOCTHU IPOTHO3UPOBAHMS U BBISIBICHHS OOIIMX 3aKOHOMEPHOCTEH;

- BOBMOXHOCTHU CPABHUTCIILHO IIPOCTOTO MHOFO(i)aKTOpHOFO aHaJIn3a.
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HPOBJIEMbBI U OCOBEHHOCTH, INIPUCYIIUE ITPOLHECCY
PA3PABOTKMU BJIA.

B Hacrosiee BpeMsi B MUpPE B KAUECTBE NIEPCIEKTUBHBIX CHCTEM BOCHHOTO U
TPaXXTAHCKOTO TIPUMEHEHHUs1 Bce Oojiee IIMPOKOE BHHUMAHUE MPUBJICKAIOT
oecrnmioTHbie aBuaronHbie cucteMbl (BAC) Garonapsi pa3HooOpa3ui0 TaKTUKO-
TEXHUYECKUX XapaKTEPUCTUK U BOZMOKHOCTSIM PA3HBIX LEIEBBIX HAIPY30K.

BAC (umn BAK) — uenoBeko-mamuHHas cucreMa, BkirodaeT bBJIA (kak
CUCTEMOOOPA3yIONIUI 3JIEMEHT), TEXHUYECKHE CPEACTBA MX CTapTa U IMOCAJKH,
CUCTEMBI YIpPaBJICHUS JABM)KEHUEM M BBINOJIHEHUS MOJIETHOTO 3aJaHus, CUCTEMY
TEXHUYECKOTO OOCIy)KMBaHMsI, a TaKXKe IepcoHal (B TOM YHCIE - ONEepaTop
VIOPABJICHHUS aBUAUMOHHOW MIaTOpPMOM, ONepaTop YOPABJICHHUS IEJIEBOU
Harpy3Koi).

[To dyHKIIMOHATEHOMY Ha3HAYEHUIO OCCHMIOTHBIC aBUALIMOHHBIE CHUCTEMBI
MO>KHO MOJAPA3AEIUTh Ha CIEAYIOLIUE TUIbI: HHPOPMALIMOHHbBIE, UMUTAlMOHHBIE,
00eBbI€, UCCIIE0BATENBCKUE, TPY30TPAHCIIOPTHBIE, MHOTOLIEJIEBBIE.

Uctopukn Haykd M TEXHUKH OTMEYAIOT, YTO MPOEKThl U KOHCTPYKIUU
NEepBbIX OECIMIIOTHBIX CAMOJIETOB MOSBUIUCH B Havane XX Beka (1910-1916rr.) B
CIIA, BemukoOputanuu, Poccun, HWramuu. OtMerum, 3T0 ObUIO BpeMs
CTPEMUTEIBHOIO PA3BUTHUSl aBHACTPOCHUS — 34 TOJABI IIEPBOM MHUPOBOM BOWHBI
MPOTUBOCTOSIIIIME CTOPOHBI Tpou3Benu 182 Thicsiun camoneTtoB (couB B 100
ThICsiYaX BO3AYIIHBIX O0oeB 9000 neratenpHBIX ammapaTtoB). [lozke OosbmMu
JOCTHXKEHUSIMM B OOJIaCTM  YOPABISIEMOM TEXHHKM OTMEYEHBI  palOOThI
cnenuanuctoB I'epmanun, B 1970-1990rr u nocnenyromue roasl 3HAYUTEIbHBIN
BKJIaJl B pa3BUTHE OECHWIOTHOM aBHAIlMM BHECIHM W3PAUIILCKUE BOCHHBIE
CIEIHUAIIMCTBI, yUCHBIE U KOHCTPYKTOpa. B HacTosiiee BpeMsi Ipu3HaAHHBIE JIHIEPhI
B 9ToM Hanpanienuu — CIIIA u M3pawnp, aktuBHO padotaroT Kurait u Poccust.

B pasnbix crpaHax coznmaercsa Oonblnoe kosimyecTBO BJIA  paszHoii

apXUTEKTYpPbl, PA3MEPHOCTU U HAa3HAUYCHUSI. AKTUBHO OCBAWBAIOTCS U U3Yy4arOTCs



cdepsl 1 3 (HEKTUBHOCTH TPUMEHEHHUS.

B mnactosmee Bpems ymopasinsemble Ooempumackl u BJIA  umeror
COBMAJIAIOIME 00IACTH TEXHUUECKHUX PEIICHUN U MPUMEHEHHUS, IOCKOJIbKY OJHUM
u3 HanpasieHud pasButus YbBII, kak cpencrBa mopakeHus, SABIIETCS BBEICHUE
¢GyHKIMI pa3Benku (Jopa3BeabIBaHMs) LENed U BO3MOKHOCTH IE€pEeHalleIMBaHus,
a y bBJIA BoeHHoro Ha3HaueHusi uMeeTcsl OOJBIION Kiacc YAapHbIX U
pa3BebIBATEILHO-YIAPHBIX CUCTEM (B TOM YHCJIE€ M OJHOpa3oBeiXx — BJIA-

KamMuKaa3e), oTHocsmux ux k BTO HoBoro tumna.
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HPOBJIEMbBI WU OCOBEHHOCTH, IIPUCYIIUE MNPOLECCY
PA3PABOTKHA NPUBOJHOM TEXHUKHM.

Ha pnaHHbli MOMEHT pa3paboTaHbl TOpsYETra3oBble, ITHEBMATUYECKHE,
ANEKTPUYECKUE U BO3AYIIHO-AMHaAMuueckue TmpuBoabl JIA. OCHOBHBIM HX
OTJIMYUEM SIBJISIETCSI KCIIONB30BAHUE PA3JIMYHBIX HCTOYHUKOB pabodyero Tena,
KOTOpBIE€ B CBOIO OUepe/lb 00YCIaBIMBAIOT MaccorabapuTHbie Xapakrepuctuku PIT
IIPU COMOCTAaBUMBIX TPEOOBAHUSX MO0 BPEMEHU PabOTHI.

PyneBble mnpuBOABI KaKk HEOThEMJIEMAs 4YacTh YIPABISIEMBIX PaKET
nperepnenu nodtanHoe udmeHenue. B KBII co3paBanuch v ObLIM peain3oBaHbI
NPUBO/BI ¢ OAJUIOHHBIM IMMHEBMATHYECKUM HCTOYHHKOM MHUTaHUA, C MOPOXOBHIM
AKKyMYJIITOPOM JIaBIEHUS W JJIEKTpoMarHuTHble. Akagemukom PAH, n. T. H.
[IIunynoBsiM A. I'. u 1. T. H. [llopaukoBeiM E. E. B ipoliecce mpoBOAUMBIX O] KX
PYKOBOJCTBOM pPa3pabOTOK M TPHU YYaCTHUU IIKOJbI 3aCITY>KEHHOTO JIesITelNs
PCOCP a. 1. u. Ilonuydapoa b. M. (TIIN) ObutM 3a/10’KE€HBI TEOPETUUECKHUE
OCHOBBI 110 CO3JaHMIO 3JIEKTPOMArHUTHBIX M TOPSYETra30BBIX PYJIEBBIX NMPUBOJOB
JUTSL HOBEMIIUX 00pa3LioB BOOPYKEHUS.

OnHako [aHHbIE CHCTEMbl TPU BCEM UX MHOI0O00pa3uu OCTaKOTCA
YCTPOMCTBAMHM TOYHOW MEXaHWKH, a UX MOIIHOCTHBIE M MAacCCOBO-Ta0apUTHBIC
XapaKTePUCTUKHU, TAKKE KaK U BpeMs UX pabOThl, )KECTKO CBSI3aHbI C TrabapuTaMu U
MOIIHOCTBIO COOTBETCTBYIOIINX UCTOYHUKOB MU TAHUS.

B 70-x romax pgBaamaToro BeKa IMPU PEHICHUH 3a/lad O0OeCTICUECHHs
MUHUMU3AIUM ~ Maccora0apuTHBIX  XapaKTePUCTUK, TEXHOJOTMYHOCTU U
HAJISKHOCTU pa3padaThiBa€MbIX PYJIEBBIX MPUBOAOB JJisi pakeT komruiekcoB BTO
B KbBII BriepBbIE B MUPOBOI MPAKTUKE TIOJ PYKOBOACTBOM akagemuka PAH, n. T. H.
[umynoBa A. I'. 6pUT CO3MaH MPUHIUTTHATBHO HOBBIM THIT IPUBOJIa — BO3AYIITHO-
munamuyeckuii  (BJIPII), wucmonm3yromuii sHEeprur0 HAOETalImero Ha pakeTy
IIOTOKA BO3AYXa.

BJIPII — »T0 mpuBOA, B KOTOPOM ISl YIPABICHUSI PAKETOM MCIOJIb3YETCS



KUHETHYecKasi 3Heprus ee ABwkeHus. OH He UMEET CIEHUaIbHOrOo OOPTOBOTO
VCTOYHHKA NUTaHUs. JJaHHOE 00CTOSATENBCTBO MMO3BOJINIIO:

— PE3KO CHHM3UTh TpeOOBaHMS K TOYHOCTH BBINOJHEHUS HauOoliee
TPYIOEMKHUX IEMEHTOB B PUBOAAX TPAAULIMOHHOTO UCTIOJIHEHUS;

— pa3paboTaTh M NTPUMEHUTH MPUBOJLI C IHEBMOJBUTATENEeM 0e3
YIUIOTHUTEIBHBIX YCTPOMCTB, YTO CHUMAET TpeOOBaHME K YMUCTOTE U TOYHOCTH HX
00paboTKw;

—  MHUHUMHU3HMPOBAThH Maccora0apUTHbIE XapaKTEPUCTUKUA  PYJIEBBIX
IIPUBOJIOB;

— TMOBBICUTh CTAOMJIBHOCTh AMHAMHUUYECKUX XAPAKTEPUCTUK U HAACKHOCTh
PYJEBBIX NMPUBOIOB.

OO6miee cHuxeHHEe TpeOOBaHUM K TOUYHOCTU BBHITIOJHEHUS HJIEMEHTOB
1o3BOIMI0 B KOHCTpykuusax BJIPII mupoko wucnonbp3oBaTh miacTMaccel, a B
KaueCTBE OCHOBHBIX METO/IOB 00pa0OTKH — MPECCOBAHUE, JTUTHE U IITAMIIOBKY.

PazpaboTtana U mpakTUuUeCKH peajii3oBaHa g pakeT KoMmiuiekcoB BTO
cepus IMaTEHTHO3AIUILEHHBIX BO3YIIHO-AUHAMUYECKUX IIPUBOJIOB,
00€CMEYUBIIMX BBICOKYIO TEXHOJOTMYHOCTh W  HAJEKHOCTb, a TaKXKe
CTaOMJILHOCTh NUHaMHueckux xapaktepuctuk BJIPII mpu dbyHKUIMOHMpOBaHWU B
COCTaBE PAKET C JO3BYKOBBIMHM, TPAHC3BYKOBBIMHU, CBEPX- M THUIIEP3BYKOBBIMHU
CKOPOCTSIMH T1OJIETA.

Teopernueckue padotsl akagemuka PAH, n. T. v. [llunynosa A. I'., 1. T. H.
[llopuukoBa E. E., k. T. H. HukanopoBa b. A., k. 7. H. ®umymkuna B. C.,
['punenko B. B. nernu B ocHoBy noctpoenus B KbBII teopun aHanmsza n cuHTE3a
BJIPII, 6a3upyromieiicss Ha 0O0OCHOBaHHOW JEKOMIO3UIIMU TMPOIECCOB CUIIOBOTO
B3aumoneiicteuss BJIPII ¢ Haleratomum Ha pakeTy MOTOKOM BO3[ayXa U
BKJIFOYAIOILIEH:

— psa MoJened, agalTUPOBAHHBIX K THUIIOBBIM peanusauusiM BJIPII, u
pa3NIMYAOIIMXCA IO CTENEHH WACANM3alUH IPOLECCOB B 3aBUCUMOCTH OT
perraemMbIx 3a7a4 Ha pa3IMYHBIX dTanax pa3padoTKu;

— MCTOA CHCTEMHOI'O HCIIOJIB30BAHHUsI MAaTCMAaTHYCCKHUX MOIICJ'IGI\/’I Ipr



pazpabotrke BJIPII, wuckmouaromuii HSKCIEPUMEHTAIbHBIE HWCCIEAOBAHUS TIO
uaeHTU(UKAITIT Mozeleld W O00€CIeUrBarONINil BBICOKYIO JOCTOBEPHOCTH
MIPOCKTHBIX paboT;

— METOJ] CXEMHOT0 KOHCTPYUPOBAHUS U IKCHEPUMEHTAIBLHON OTPaOOTKU
BJIPII, oxBarbiBaronuii crnermuduueckue OCOOCHHOCTH €ro peajau3aluud U

9KCILIyaTalluu.
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OCHOBBbI KOHCTPYKIHNU JIETATEJIBHBIX AIIITIAPATOB.
KABUHET KOHCTPYKIIUU KADPE/IPBI CAY.

[ToHsiTHE BBICOKOTOYHOE OPYKME OXBATHIBAET CHCTEMbI PA3HOTO THUIIA M
HA3HAYCHUSA, C PA3HBIMU TAKTUKO-TEXHUYECKHMH XapPAKTEPUCTHKAMHU, KOTOPBIMHU
00yCIJIaBIMBAIOTCA KOHCTPYKTUBHBIE 0coOeHHOCTH JIA.

BTO xnaccudunumpyercss mo pa3HbIM MpPU3HAKAM M XapaKTEPUCTHUKAM: IO
JAJbHOCTH, NPUHLHUIY TOJNETA, TMOJOXKEHUIO MECTa cTapTa W LelId, MO0
HA3HAYCHUIO, CTIOCO0Y TPAHCIIOPTUPOBAHMSI, CKOPOCTH MOJETA U JIP.

1. Ilo mansHOCTHM M xapakTepy pemaembix 3amad BTO noapasagensaror Ha
CTPAaTETUYECKOE, OINEPATUBHO-TAKTUYECKOE U TaKTU4YecKoe (TMPUHUMAETCS, 4TO
TaKkTH4ecKas 30Ha jaeictBus — 10 100 kM, OIMKHSAS TaKTHYSCKas 30HA JICHCTBUS -
110 20 KM).

K ympaBnseMbiM cpeAcTBaM MOPaKeHUs] OJIMKHEH TaKTHYECKOW 30HBI
CyXOIyTHBIX BOMCK OTHOCST, B YACTHOCTH, YIIPABJISIEMbIE PAKEThI, YIIPABIISIEMbIC
(KOppeKTUpyeMbI€) apTHIICPUICKHUE CHApsiAbl, MUHBI U aBHAI[MOHHBIE OOMOBI
(cBOOOIHO TMAAIOIINE U YIIPABIISIEMBIE).

Takol CHHCOK CpPEACTB TMOPAKEHUS HA3BIBAIOT IO-PA3HOMY: «PAKETHI C
MajbiM TIOJIETHBIM BpPEMEHEM», «Majora0apuTHBIE pPaKETb», «OECHUIOTHBIE
YIIPaBJISIEMbIC JIETATEIbHBIC ANMNApPaThl», «YMPABISEMBIE CPEACTBA MOPAKCHUSD,
«mMarnorabaputueie ynpapnsemble Ooenpunacel (MI'YBII)». Onpenenenune —
MI'VBII — nocTaTouyHO KOPPEKTHO, TaK KaK OXBATHIBAET BECh MEPEeUEHb OOHEKTOB,
Janee ucnojibzyem uMeHHo ero. MI'YBII sBisitoTcs, €CTECTBEHHO, 0€CIIMIIOTHBIMU
ynpasisiembiMi ~ JIA  OJHOKpaTHOro  JEWCTBHS, C  OOEBOM  YaCTHIO,
VHTETPUPOBAHHOW B ero KoHcTpykuutro. MI'YBII 3aHumaror mecto psaom ¢
HEBO3BpAIIaEMbIMU YAAPHBIMH W Pa3BebIBATECILHO-YIAPHBIMA OECITUIOTHHIMU
yopasisieMbIMU JieTatesibHbiMU annapatamu (BITJTA, BJIA).

2. OcHoBHas kiaccudukanus JIA cTpoutcs 1Mo OPUHIUITY MOJETA, T.€. MO

OTBETY Ha BOIPOC - KAKMM 00pa30oM U 3a CU€T 4ero co3MaéTcs Cuia, IeHUCTBYIOIIAs



Ha JIA B nonére, NpeoaoseBaroIas CHITy TSHKECTH (ITOAbEMHAS CHIIA).

B Hacrosmee BpeMs TEXHUYECKOE 3HAYEHUE UMEIOT CIICIYIOIINE ITPUHLINATIBI
OJIETA.

- AsponuHamuueckuil - 1 JIA, TpaekTopus nmosi€ra KOTOPBIX MPOXOIUT B
atMocgepe. B 3Tom cinydae nmoabEéMHasi cuila BOZHUKAET MPU B3aUMOJIEHCTBUU CO
CpeIoN JBMXKYIIETocs Tena (KpbUIO — HEMOABM)KHOE U TOJBUKHOE; PYJIU; BUHT;
Kopnyc). TexHuueckas peaqmsaius — caMOJIET, BEPTOIET, OPHUTOITEP, KpbLIaTas
pakera.

- PakeronmuHammyeckuii - NOABEMHAs CHUJA ONPENEIAECTCS PEAKTUBHOM
CWJIOM, BO3HUKAIOLIEH B PE3yJIbTATe OTOPACHIBAHUS YACTHU MACCHI JIETAILETO TEJa.
TexHuyeckas peanu3anys — pakeThbl pa3HbIX TUIIOB U KJIACCOB.

- bajumncTnuecknii - MOaABEMHAsL CUJIa ONPENEIISIETCA CUIION MHEPUUHU TENa,
JBUTAIOLIErOCs 3a CYET HAYAJIBHOIO 3aIaca CKOPOCTU WM BBICOTHI, IIO3TOMY
OayuIMCcTUYECKUI MOJET HA3bIBAIOT TAK)KE MACCUBHBIM. TeXHUUYECKas peain3aius —
OQJITMCTUYECKUE PAKETHI HA MACCUBHOM YYaCTKE TPAEKTOPHUH (TI0CIIE BBIKIIFOUECHHUS
JIBUTATENs ), apTUIJIEPUNCKIE CHApSIbl U MUHOMETHBIE MUHBI, aBUA0OMOBI.

- AspocTaTnyecKuil - MOJAbEMHAS CUJa ONPEIEIAETCS ApXUMEIOBOW CHIIOMN,
PABHOMU CUJIE TSKECTH BBITECHEHHOTO TEJIOM BO31yXa. TexHUuyecKas peanusanus —
BO3/YLIHBIE LIAPBI, A9POCTATHI, TUPHKAOIIH.

Nmeetcs 6onbioi kinace JIA, coueTaronmx pasHble MPUHITUIBI TOJIETA.

Hanpumep: eBponenckue HHKEHEPBI-KOHCTPYKTOPBI B pPaMKax IIPOEKTa
ESTOLAS (Extremely Short Take Off and Landing on Any Surface) Bemyt
KOHLIETITyaJIbHbIE MCCIIEIOBAaHUsI B 00J1acTU co3ianusi ruOpuaHoro JIA, KoTopbIit
OyAeT OCyLIECTBIATh B3JET M MOCaAKy Ha o0yl MoBepxHOCTh. CuioBas
YCTAaHOBKA BKJIIOYAET JiBa TYpOOBEHTWJISITOPHBIX JBUIATENs, Pa3MEIICHHBIX B
XBOCTOBOM 4YAaCTH M OCHAUICHHBIX TOJIKAIOIIMMU BHUHTAMH, U OJWH IOJBEMHBIN
BEHTUJISITOP, PACIIOJIOKEHHBIM B CHEMATbHOM OTCEKE BHYTPU AUCKOOOPA3HOTO
LEHTPOILJIaHa, KPOME 3TOr0 B OTCEKaX LIEHTpOIIaHa OyAeT MOMEeIaTbCs reJuil AJis
CO37aHMs TOTIOJHUTEIHHOU MOIBEMHON cuiibl. [IpopabaThiBatOTCsl YEThIpE BEPCHH

JIA ¢ rpy3onoabemMHocTsIO OT 1...2 1o 200...400 T.



Hano ormMetuts Takxe, yto JIA MOryT ABUTaThCS B OJHOU Cpee WK JBYX H
TpEX cpeaax (Boaa, BO3ayX, KOCMOC).

3. Tlo wHaznayenuto (mopakaemor uenu) YBII mnonpaznenstor Ha
MHoroueiaeBble YP u YP 1eneBoro miM cneuualbHOrO Ha3HAYEHHUS, YTO MOXKET
OTPa)XaThCsl B HA3BAHUM, HAIPUMEpP: MPOTUBOTAHKOBBIE YIPABIISIEMBIE PAKETHI —
[ITYP; 3enutHbie ympaisiemble pakerbl — 3YP (mpoTuBOcaMoN€THbIE U
IPOTUBOPAKETHBIE); IPOTUBOPATHOIOKAMOHHBIE U JP.

4. Ilo mNoNOXEHHIO MecTa cTapTa M LEJId, YKPYIHEHO, YIpaBisieMbIe
Ooernpunacel JENAT Ha KIACCHL: «IIOBEPXHOCTb-IIOBEPXHOCTHY», «IOBEPXHOCTh-
BO3YX», «BO3QYX-TIOBEPXHOCTH», «BO3AYyX-BO3ayX». [lox «IIOBEpXHOCTHIO»
HOJIpa3yMeBaeTCs «GEMIID» U «Mope» (Kopaldiib, MOAJOJKA), MOJ «BO3TYXOM» -
«atMmochepa» U «kKOCMOCH.

5. Ilo cnocoOy TpaHCHOPTUPOBAHMSI  KOMIUJIEKCHl  YNPaBJISEMOTO
BOOPY’KEHUSI TOAPA3JCISIIOTCS Ha MOOWJIBHBIE (HAa3€MHOIO, BO3JIYIIHOTO U
MOpPCKOro 0a3upoBaHus), BO3UMO-BBIHOCHBIE, IE€PEHOCHBIE, CTallMOHAPHbBIE
(menpTepHbINA BapuaHT). ECTh BapuaHThl MyJIbTUILIATHOPMEHHBIE.

6. Ilo ckopoctn monéra JIA nensArca Ha TO3BYKOBBIE, CBEPX3BYKOBBIE M
TUIIEP3BYKOBBIE.

Henenue JIA 1o cKOpocTH TOJIETAa HA JI03BYKOBBIE, CBEPX3BYKOBBIE U
TUIEP3BYKOBbIE UMEET YeTkue (pusmueckue ocHoBanus. Jlo3BykoBbie JIA umeror
CKOPOCTB ITOJIETAa — V HE NPEBBIIAIOIIYIO CKOPOCTh 3ByKa B BO3IYIIHOW Cpele —
a (a=1230km/yac) unum V/a<l (oTHomeHue V/a Ha3piBaloT uucioM Maxa, M).
Cepx3BykoBble JIA UMEIOT OTHOCUTENBbHYIO CKOpPOCTh (1...5)M, runep3ByKoBbIe
— Oonee 5M. Ha rumep3Byke HHas KapTHHAa OOTEKaHHWS, COOTBETCTBEHHO
TpeOyloTCsl Jpyrue Marepuainbl, CXeMbl KpblJla, HOCOBOM 4YacTH, MOIIHAs
MHOTOPE)XXMMHAsI JBUTATENIbHAsl YCTaHOBKa, OOpTOBasl ammaparypa yIpaBicHHUS,
oOecrieunBaroIIasi MPOJOJDKATEIBHBIN  YCTOMYMBBIA  MOJET B aTtMmocdepe.
CuuTaercs, 4TO TUNEP3BYKOBOE OPYKHUE CYIIECTBEHHO MOBBICUT 3((HEKTUBHOCTH
00eBOM TEXHMKHM 3a CY€T BO3pACTaHHS OBICTPOACUCTBUS, OOCCIICUCHHUS

HCYA3BUMOCTH COBPEMCHHBIMU CPCACTBAMH IIC€pCXBATa, PACIIMPCHUSA AWAIIa30HA



IPUMEHEHUSI TO JAJIBHOCTH M BBICOTE, a TAKXKE YBEJIUYEHUS KUHETUYECKON
HHEPIUU MOPAKAOIIMX JIEMEHTOB. ' nnep3BykoBbie ynpasisiemble pakeTsl (['3YP)
MOTYT BOUTH B CUCTEMY cTpareruueckoro opyxus. [Ipesunent PO B.B. I[lytun B
nocinanuu denepanpHoMy cobpanuto B Mapte 2018 r. mpeactaBun psig o0pa3oB
TUIIEP3BYKOBOIO OPYKHSI.

7. Ilo criocoOaM ympaBiieHUs ABMKECHUEM PAa3IuyaroT: MujaoTupyembie JIA;
ONLIMOHAJIBHO-NIIIOTUpYEMbIE (B JIA BO3MOXHa peanu3aunus MUIOTHPYEMOTO H
OeCMIOTHOTO PEXKUMOB); CUCTEMBI TeJeynpaBJICHUS; CHUCTEMBI
TEJICOPUEHTUPOBAHUS; CHUCTEMBl  CaMOHABEJEHHUSA, AaBTOHOMHBIE  CHCTEMBI;
KOMOMHUPOBAHHBIE CUCTEMBI YIIPABICHUS.

B obmem cinyuae ynpaBisiemble Ooenpunachl MOTYT ABUTAThCS MO Pa3HBIM
TPACKTOPHSIM B 3aBUCUMOCTH OT ABWXKYIIUX CHJI (TAra, UMITYJIbC OT BBIIIMOHOW
JBUTATEIbHOW YCTAHOBKM, METATENbHOIO 3apsna), a’pOoAMHAMUYECKUX CHII,
YOPABJSIIONIMX CWJI, CWJI COINPOTHBIICHMS, CHJIBl TSDKECTH, BO3MYILAIOIIMX
(akTOpOB, HauyalbHBIX YCIOBUM (YIJIOBOE IMOJOXKEHHE M KoopauHathl JIA Ha
CTapTe, CKOPOCTh B MOMEHT OTJEJICHHSI OT IIyCKOBOTO YCTPOMCTBA).

B kxabunere koHcTpykuuu kadeapsl CAY mpeacTaBieHbl peaan30BaHHbBIE
TEXHUUYECKHE pemieHus (CrocoObl yIpaBiieHUsI, UCTIOHUTEIbHBIC OPTaHbl CUCTEM
ynpaBieHUsi, 00EBbIE YacTH, JBUTATEIbHbIE YCTAaHOBKH, CHCTEMBI 3amycka) JIA
pa3NUYHBIX TUIOB. OTambl CO3JaHUs o0Opa3lia HE 3aKaHYMBAIOTCA TEXHUYECKUM
ONMCAHUEM U MHCTPYKLMEHN IO IKCILTYyaTAlMK — UAEH HPOJOJKAIOT KUTh B HOBBIX
pa3paboTkax, B pabOTax HCTOPUKOB HAYKHM U TEXHUKH, B BOCIIOMHUHAHHUAX
pa3zpabotuukoB. Hcropus wuzaeil, HepopMmanu3yeMblidi OMNBIT, METOAOJOTUA U
dbunocodusi MHXEHEPHOTO TpyJa, TBOpUECKHEe Ouorpapuu pa3pabOTIYMKOB —
WHTEPECHBIA U HYXHBII (HO, K COKaJIEHUIO, PEAKUI) MaTepual, ClIOCOOCTBYIOIIHIA

(bOopMHUPOBAHUIO HHKEHEPHOU KYJIBTYPHI U TPEEMCTBEHHOCTH TIOKOJICHUH.



[TPAKTUYECKOE 3AHATUE Ne7

CTEHIOBOE MOJAEJIUPOBAHHUE. JIABOPATOPHO-
CTEHAOBBIE HCIIBITAHUSA. HNCCIEJOBATEJIBCKHUE CTEH/bI,
PA3BPABATBIBAEMBIE U ITPUMEHSAEMbBIE HA KA®EJIPE.

1.1. CrenaoBoe MOJIEIUPOBAHHUE.

JlabopaTopHblii  cTeHny - 3TO  KOMIUIEKC  OOOpyAoBaHUS,
NpEeIHA3HAYAIOIUICSA JUIsl M3YyYEHHUs SKCHEPUMEHTAIBHBIM NyTeM (PU3NYECKHX
SBJICHUM U TEXHUYECKUX MapaMeTPOB OOBEKTOB.

C mnoMomipio J1a0OpaTOPHBIX CTEHJOB OCYIIECTBIISIETCS MaTepuaIbHOE
MOJEJIMPOBAaHUE, TIPU KOTOPOM HCCJIEIOBAHHE OOBEKTAa BBINOIHIETCS C
WCIIOJIb30BAHUEM €r0 MaTE€pUaJIBbHOIO aHaJlIora, BOCIPOHU3BOJSAIIETO OCHOBHBIE
dusnueckue, r€OMETPUYECKHUE, JTUHAMUYECKUE U (yHKUHUOHATBHBIE
XapaKTEPUCTUKH UCCIENYEMOTO 0OBEKTA.

OCHOBHBIMH Pa3HOBUJHOCTSIMU MaTE€pUAIBHOIO MOJEINPOBAHUS SBIISIFOTCS
HaTypHOE M aHAJIOIOBOE

1.2. JlaGopaTOpHO-CTEH/IOBBIE UCIBITAHUS MPOU3BOAATCA B JIAOOPATOPHUU
Ha CIEHHAJIBHBIX NpHOOpax u 00OpYyJOBaHUU, UMUTHUPYIOIMIMX YCIOBHUS PaOOTHI
JIA. UcnbiTanust mpoBOAATCS N0 CTAHJAPTHBIM METOAUKAM U TMO3BOJSIIOT TOPA3I0
ObICTpee M SKOHOMHYHEE, YeM MpPH SKCILTyaTallMOHHBIX HCIBITAHUSAX, OLEHUTDH

peanpHble XapakTepuctuke JIA.

[TPAKTUYECKOE 3AHATUE Ne§

HNTOI'OBOE 3AHATHUE
Ha nroroBom 3ansATrn Npon3BOAUTCS 3aCIyIIMBAHUE JOKIAA0B CTYACHTOB U

oOCyXJIeHHe MaTepuraia Kypca B BOIIPOCHO-OTBETHOM (opMme.
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